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Abstract- Currently available implants for osseointegration in transfemoral amputees are OPRA system and ISP System 
which shows many advantages over conventional socket fixation. To overcome the limiting issues like periprosthetic bone 
losses in osseointegration, a new design was developed. The analysis of both OPRA and New design was compared with a 
normal femur bone during daily activities. The results show that there is considerable bone fracture during OPRA 
implantation and the new design is far better. When Compared to normal femur bone the stress induced was at the proximal 
femur and in the medial region for osseointegrated bone. 
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I. INTRODUCTION 
 
After upper leg amputation patients are 
conventionally fitted with sockets that embrace the 
residual limb and connect to the external leg 
prosthesis. An alternative solution is a direct 
attachment of the leg prosthesis to the skeletal system 
by an osseointegrated percutaneous implant fitted in 
the medullary canal of the femur remnant. As a result, 
a connection of the artificial limb directly to the 
femur is achieved by CAD methods. 
 

 
Fig.1 implant attached to the bone. 

 
Currently, two types of transfemoral percutaneous 
implants are in clinical use, the OPRA system 
(Osseointegration prosthesis of rehabilitation in 
amputees) and the ISP Endo/Exo prosthesis (Implant 
supported prosthesis). Both implants differ in 
composition and structure. The OPRA implant has a 
form of a threaded titanium pin, which is screwed in 
the medullary cavity during an implantation. The ISP 
prosthesis, a press-fit implant, is composed of a 
cobalt–chromium–molybdenum (CoCrMo) stem 
covered with a porous trabecular metal. 
 
These implants overcome disturbing soft tissue 
problems present with conventional socket systems 
and provide a better control of the prosthetic limb. 
Consequently, they increase a patient’s activity levels 
and offer a larger range of hip joint motion and sitting 
comfort compared to socket prostheses. In the current 
paper, normal femur bone is analysed for the daily 

activities like one leg stance and normal walking. 
Secondly, OPRA and the new implant was modelled 
and assembled with the bone model. The same 
loading and boundary conditions are done for the 
analysis. During conventional socket fixation there is 
a problem of alignment of socket, skin irritations and 
considerable bone losses. To overcome the issues 
during the prosthesis the study was carried out. Also 
the study investigates stress distribution and 
deformation of osseointegrated implants with respect 
to the normal bone.  
 
II. MATERIALS AND METHODS 
 
1. Implants 
OPRA implant made of commercially pure titanium 
and a new direct fixing implant was modelled and 
fixed to the bone for analysis. The Implant types are 
shown below in the figure2 
 

  
Fig.2 Implant models used in direct implantation. 
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TABLE I 
PROPERTIES OF IMPLANT MATERIALS 
Material Elastic 

Modulus 
Poisson’s 
Ratio 

Peek Motis 12.5 GPa 0.4 
Commercially 
pure titanium 

110 GPa 0.3 

Ti6Al4V 114 GPa 0.3 
CoCr Alloy 228GPa 0.33 

 
2. Specimens 
A femur bone model of a normal male person was 
selected for the implantation of both OPRA and new 
implant, the same bone without amputation was taken 
for normal load application. The modelling and 
assembly was achieved with the help of CAD 
softwares. 
 
3. Finite Element Analysis 
Generic FE models of intact femoral bone and 
amputated bones implanted with direct fixation 
implants, with similar geometrical and mechanical 
characteristics as OPRA and new implant prosthesis, 
were created for this study. Ansys is used for the 
analysis process during daily activities. 
 
3.1 loading and Boundary conditions. 

 
TABLE II 

LOADS USED IN THE ANALYSIS 
Load case Force Femur 

Orientation 
One Leg 

stance 
800 N Vertical 

Normal 
Walking 

805 N &720 
N 

10.5 deg 
flexion 
5.2 deg 

extension 
 
An important step required for the FEA is the 
boundary condition for the femur bone model, a 
special procedure has been used to represent the 
boundary conditions for the femur model during the 
normal daily activities, and the steps of the procedure 
are illustrated as followed:  
 
a. A fixed boundary condition has been applied on the 
distal end of the femur and the hip contact force has 
been applied on the head of the femur in order to 
calculate the normal stresses for normal walking and 
standing up during this boundary condition.  
b. A fixed boundary condition has been applied on 
the proximal end of the femur (Head region) and the 
hip contact force has been applied on the distal end of 
the femur in order to calculate the normal stresses 
during this boundary condition.  
c. After calculating the stresses for the above two 
steps an averaging has been made for the results in 
order to calculate the average stresses for normal 

walking and standing up. The normal load application 
is shown below  

 

 
Fig.3 Boundary condition and load application 

 
III. RESULTS AND DISCUSSIONS 

 
The Normal stresses obtained from the stress analysis 
of the human femur bone and osseointegrated 
implants during normal walking and standing up are 
shown in figure (4), Figure (5), Figure (6), Figure 
(7).the maximum normal stress during normal 
walking is 9.5 MPa which is occurred on the neck of 
the femur while the maximum normal stress during 
standing up is 6.9 Mpa which is also occurred on the 
neck of the femur. The results of stresses for normal 
walking and standing up have been plotted with cycle 
duration the behaviour of the stresses during normal 
walking is similar to the behaviour of the stresses 
reported in literature but there is a simple differences 
associated with the maximum normal stresses as 
shown in table (III) the differences are associated 
with following factors : (a) the geometry of the 
model , (b) the orientation and the application of the 
hip contact force this factor is important because the 
dominant effect in normal walking is hip contact 
force(major effect) , (c) muscles forces which are not 
included in my present study, (d) the material 
properties used for the model and the behaviour of 
the bone.  
 
The results of the stresses for standing up have been 
also compared with the stresses induced in the 
prosthesis reported in literature, the behaviour of the 
results are similar the difference associated with the 
following factors : (a) muscle forces this factor is 
important because the dominant effect in this activity 
is the muscle forces (Major effect) which are not 
included in my study (b) others factors associated 
with application , orientation of the hip contact force 
and the geometry of the model and also the behaviour 
of the bone. The new model prosthesis is far better 
than that of OPRA implantation in transfemoral 
amputees. Moreover an extensive study and 
experimentation is required to validate the numerical 
modelling and analysis. 
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Fig. 4 The normal stress distribution over the femur neck region 

 
The maximum stress induced is 9.506 Mpa in the 
femur neck region. For the OPRA implant the stress 
is induced at the medial region of the femur bone. 
The stress is concentrated around the implant in the 
amputated region. For the new type of implant the 
stress induced is at the implant nut and it poses a safe 
implantation and which more advantageous over 
OPRA implant. 
 

 
Fig.4 Stress distribution in OPRA during one leg stance. 

 

 
Fig.6 Stress distribution in OPRA implant during Normal    

walking 

 
Fig.7 Stress distribution in direct implant fixation during One 

leg stance. 
 

 
Fig.8 Stress distribution in new implant during normal walking. 
 
CONCLUSION 

 
The Stress distribution is calculated during the 
loading conditions. For a normal femur bone the 
stress is induced at the femur neck. For OPRA 
implantation the normal stress is distributed at the 
medial region and for New direct impant the stress is 
distributed inside the implant ie; inside of the implant 
which is more safer than the OPRA implant. 
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Normal Stress Walking Standing 

Femur Bone 9.105 MPa 6.09 MPa 

OPRA implant 3.961 GPa 4.401 GPa 

New Implant 4.35 GPa 3.78 GPa 
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