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Abstract— Tibial fractures are very common in a country like India where the rate of accidents or collisions is high. The 
fractures caused may vary in its depth and intensity. Hence such fractures cannot bear the weight of the body and an implant 
has to be designed to assist the fractured bone on load bearing of the body weight. In this project, the segmentation, meshing 
and the stress, strain and deformation analysis of the normal tibia and the fractured tibia is done. But the main purpose of this 
project was to design an implant for the fractured tibia that is patient specific and approve the application of the designed 
implant to assist the tibia based on the stress analysis that should have a value less than that of the fractured tibia and close to 
that of the normal tibia.[1] The load bearing characteristics vary with the compressive, tensile or shear strength and hence 
careful analysis of the bone has to done prior to the design process. Prediction of the fracture type and its propagation 
patterns in the tibial shaft were highly comparable to the radiography images taken from injured bones of patients and 
experimental impact loadings of real bone by other researchers. 
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I. INTRODUCTION  

 
Fractures are very common during accidents and they 
occur when a physical force more than the bone 
strength is applied on it. Bone tissue unlike most of 
the body tissue, has the remarkable ability to 
regenerate itself. If a fractured bone can be held 
together it can regenerate the tissue and retain most of 
its original strength. When determining the kind of 
process to take for this project, consider the location 
of the fracture, the displacement of the fracture, the 
alignment of the fracture, soft tissue condition, 
associated injury and patient health. In the recent 
years many new models have been proposed to 
analyze the injury mechanisms in bone tissue caused 
by the collision of vehicle-pedestrian. Also, dynamic 
load tests were performed to obtain fundamental 
information on the fracture behavior and morphology 
of human bones, e.g. for tibia.[4] On the other hand, 
numerical methods, for instance finite element 
method are being widely employed to estimate 
mechanical stimuli in bones in order to get useful 
information on the mechanical properties and also the 
behavior of bone tissue.  
In this work, a three dimensional  finite element 
model of human tibia, based on the real geometry of 
tibia, was created to investigate the fracture 
mechanism under the impact loads.[6]  Based on the 
fracture studies an implant was made that match the 
geometry of the segmental bone loss to hold the 
fractured parts together. A stress analysis is done on 
the implant with the bone and it should produce lesser 
or equal values to that of the normal tibia. The 
implant was placed using proper surgical instruments 
and procedures and removed only until further 
growth of the bone occurs. 
 
II. METHODOLOGY 
A) Three  Dimensional Model 

Here the data collected was of a 24 year old male 
who accounted  a sudden impact on the right 
posteriomedial tibia due to an accident of the two 
wheeler with a car. 300 slices of computed 
tomography images has been collected which gave a 
detailed anatomy of the patient’s lower limb bones. 
According to our work our focus is the tibia hence we 
use MIMICS Software to segment the structure from 
the rest. This software uses various thresholding 
methods depending on the gray values of the images. 
Masking and region growing methods were used to 
obtain the right fractured tibia and left normal tibia 
and hence a three dimensional model of the tibia was 
obtained.  
 
B) Meshing 
After the segmentation process, meshing of the two 
components is done in 3-matic software as a volume 
element such that a proper mesh is created for further 
analysis using various computational tools. The 
meshing is done so that small  elements of the entire 
model is made and force analysis are done on each 
and every element created by the mesh. The meshing 
element were taken as solid 45 and has to be perfect 
mesh for the finite element analysis. 
 

 
Figure. 1.  3D model of left normal tibia(left) and right 

fractured tibia(right) 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-6, Jun.-2016 

Finite Element Analysis of Fractured Tibia With a Patient Specific Implant 
 

68 

 
Figure.  2. Cross section of meshed tibia 

 
C) Designing of a Patient Specific Implant 
After careful visual analysis and study of the fracture 
an implant was designed using standard dimensions 
and the patient bone geometry in Solid Works. An 
acrylic cement is usually used on the open spaces and 
irregular bendings for implant support.[7] For the 
implant created, we have taken length and breadth of 
the plate head as 14mm and the length and breadth of 
the lower plate as 104mm and 8mm respectively. The 
next part of the implant is the screw which consist of 
two types of screw namely cortical screw and 
cancellous screw. The cortical screws are placed on 
the tibial shaft with a diameter of 3.5mm, length at 
30mm and pitch at 1.75mm. The canellous screws are 
placed on the tibial head with a diameter of 5mm, 
length at 60mm and pitch at 2.75mm. [2] The plate 
thickness was kept at 5mm. Hence using various tools 
in Solid Works the plate and the screws were 
constructed and assembled together to give the final 
implant for the fractured tibia.  
 

 
Figure.3 . The designed plate and screw assembled together 

with fractured tibia. 
 

Finally the tibia and the implant are meshed together 
but as separate components to be used for the next 
step of analysis. 
 
III. MATERIAL PROPERTIES 
 
Two of the most common materials used for the 
manufacture of plates are stainless steel and titanium 
alloy. For this particular simulation, titanium alloy 
(Ti-6AL-4V) was chosen as the material for the plate 

and screws. The material properties of the plate 
system and the bones were taken from other previous 
studies [11]. All models were assumed to be linear 
elastic, isotropic and homogeneous. 
 
A) Analysis 
Finite Element Analysis of the meshed files of the 
normal tibia, fractured tibia and the fractured tibia 
with the implant is done in which solid 45 element 
has been used for each one. The Young’s Modulus of 
tibia is taken as 19000MPa and its Poisson’s Ratio as 
0.3 and the implant with a Young’s Modulus of 
11000MPa and its Poisson’s Ratio at 0.3.[10]  
Analyzing the position of the tibia and the plate on 
the plane, a load of 600N was applied on the tibial 
plateau against gravity on all the three cases of 
normal tibia, fractured tibia and fractured tibia with 
implant.[3] In all the three cases the lower end of the 
tibia was constricted on all degree of freedom. A Von 
mises stress was applied on all the three cases and its 
distribution and values were used for the final 
conclusion.  

 
Table 1.  Mechanical Properties assigned to tibia 

 
 

Table 2.  Mechanical Properties assigned to implant 

 
 
IV RESULTS 

 
The stress at the normal tibia was observed and its 
value was 1.99296.   This stress is produced as a 
result of the force subjected by the tibia. 

 

 
Figure.5 . Von Mises stress distribution of normal tibia 

 
Next the stress distribution of the fractured alone was 
observed at a value of 3.81228   
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Figure. 6. Von Mises Stress distribution of fractured tibia 

 
The final stress analysis of the fractured tibia with the 
implant is done and its value was observed at 2.33 
 

 
Figure. 7. Von Mises Stress of fractured tibia with implant. 

 
The Von Mises Stress distribution of the plate and the 
tibia was also obtained at values of respectively. And 
it was observed that the distribution near the fracture 
is lesser compared to that farther away from the 
fracture. 
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Figure. 8. Von mises stress of plate 
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Figure. 9.  Von Mises Stress of screws 
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Figure. 10. Von Mises Stress of locking plate implant 

 
DISCUSSION AND CONCLUSION 
 

Table 3. Von Mises stress values of three tibial 
component 

 
 

Table 3. Von Mises stress values of two plate 
compenent 

 
 
Higher stress was observed in fractured tibia than the 
normal tibia due to low load bearing capability of 
fragmented bone when subjected to force. The more 
the stress on the bone the more chances of further 
fracture which instead is reduced with the help of 
implant. A comparative stress analysis done between 
the fractured bone alone and the fractured bone with 
the implant shows that the value of the latter is lower 
than the former.[5] The stress distribution of the plate 
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and the screw also showed higher values but when it 
was combined as one unit with the tibia it showed 
lesser values. This concludes that the implant 
designed is functional in fracture healing and in load 
bearing of the tibial plateau. 
The design of the implant plays a significant role in 
the stress the fractured tibia is subjected and 
determines the support it provides until the bone 
reformation. This study determines that stress values 
of the fractured tibia with implant having stress 
values lesser than that of the fractured tibia supports 
the function and usage of the implant for a patient. 
Further studies has to be done to create material that 
can degrade or be resorbed in vivo as metals used for 
plates and screws requires a second surgery for 
implant removal. Hence the design of the implant and 
its analysis determines the functionality and correct 
surgical application of the implant. 
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