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ABSTRACT 

 

ARTICLE INFO 

Since 1900’s many researchers have been trying to transfer engineering 

methodologies to analyze human body implant materials. A tissue of an organism to 

stimuli reaction, obeys the same laws that govern the behavior of typical engineering 

materials. Human skeleton plays an important role for giving support to the muscles 

and decides the structure of body. Femurs are the strongest, longest and heaviest 

bone in the human body, so femur fractures are an important subject of investigation 

in orthopedic trauma. Several types of fracture fixation systems have been developed 

and utilized for the repair of femoral fractures. The mechanical properties and 

strength of implant material must know before inserting implant in human body. 

The aim of this study is biomechanical evaluation of femoral nailing system as a 

fracture fixation method to maintain bone strength which will helpful for clinicians 

after implant. Bend test is required to know the strengths and mechanical properties 

of implant material. To measures the bending strength of Femoral nail from a single 

cycle bend test, the four point bending test is carried out by using FEA technique.  

The FEA is carried out for the stresses formed in different femur implant under 

structural loading condition using ANSYS. These results are helpful for orthopedic 

surgeons for choosing best implant 
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I. INTRODUCTION 

Since 1900’s many researchers have been trying to transfer 

engineering methodologies to analyse human body implant 

materials. Biomechanics has been defined as the study of 

the movement of living things using the science of 

mechanics. Mechanics is a branch of physics that is 

concerned with the description of motion and how forces 

create motion. Forces acting on living things may create 

motion, be a healthy stimulus for growth and development, 

or overload tissues, causing injury[1-10]. 

Human skeleton plays an important role for giving 

support to the muscles and decides the structure of body. 

Femurs are the strongest, longest and heaviest bone in the 

human body, so femur fractures are an important subject of 

investigation in orthopedic trauma. Several types of fracture 

fixation systems have been developed and utilized for the 

repair of femoral fractures. Interlocking nailing technique 

has been developed by Küntscher in 1968 and was followed 

by the development and utilization of different types of 

interlocking nails. Of these nail varieties, Huckstep system 

that required open reduction and exposed screw holes via an 

external guide had been found suitable for veterinary 
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medicine and had come into use after some modifications. 

All fractures between smaller trochanter and femoral 

condyle can be stabilized by an interlocking nail regardless 

of the fracture’s configuration and degree of segmentation. 

Fractures of this area which is primarily under the stress of 

rotational and bending loads can be securely fixated by 

Inter-locking Nailing Technique.Human movement 

performance can be enhanced many ways. Biomechanics is 

the main contributor to the qualitative analysis of human 

movement[1-10]. 

Biomechanics can be applied safety movement, or injury 

prevention/ treatment. Forces applied to the musculoskeletal 

system create loads in these tissues. Loads are named based 

on their direction and line of action relative to the structure. 

Clinicians and engineers have long been interested in 

assessing the mechanical properties of human whole bones 

and implant devices to address a vast array of orthopaedic 

pathological conditions and traumatic injury patterns. In 

orthopaedic biomechanics, an assessment of the mechanical 

properties of human bones and implants can be done using 

mechanical experimentation combined with FEA. Study of 

biomechanical behaviour of the femur implant assembly 

during fixation is helpful for orthopaedic surgeons. 

The aim of this study is biomechanical evaluation of 

femoral nailing system as a fracture fixation method to 

maintain bone strength which will helpful for clinicians 

after implant. 

II. OBJECTIVES 

The primary objective of the present work is to study the 

biomechanical behaviour of the femur implant assembly 

which is commonly known implant called femur nail system 

during fixation of a simple transverse sub-trochanteric 

fractured femur. To accomplish this primary objective 

Following are the major objectives: 

1) Material optimization of implant material 

2) Behaviour of femoral nail under different loading 

conditions 

3) To find the worst case for each model. 

III. METHODOLOGY 

 

 

Fig 1 Methodology 

 

IV. FINITE ELEMENT ANALYSIS 

In orthopaedic biomechanics, finite element analysis is used 

to predict the mechanical behaviour of bones, improve and 

developthe design of implants, and minimize and/or 

eliminate the time and cost. The procedure has been 

explained in the following sections 

A. Interlocking nail models: 

The interlocking nail models are provided by the 

Extencore Solutions. The models provided are developed in 

SOLIDWORKS software and in the extension .xt format. 

B. Geometric Model: 

The geometric model of the entire nail is created from the 

data accumulated by 3D scanner machine. Modelling of 

implant is carried out using a modelling tool 

SOLIDWORKS. The following figure shows the component 

modelled using modelling tool. Figure 

 

 

Fig 2 Geometric Model 

C. Material selection: 

There are various materials used for the implants. The 

materials are used according to ASTM standards are given 

in table 1 as follows: 

TABLE 1 

MATERIALS 

Material 

designation 

Common name ASTM Standard 

Stainless Steel Fe- 

18Cr- 14Ni-2.5Mo 

316L Stainless 

Steel 

ASTM F 138 

Titanium base alloys 

Ti CP (grade 1 to 4) 

Ti-6Al-4V ELI 

Commercially 

pure Ti Ti6Al4V 

ASTM F 67 

ASTM F 136 

D. Loading conditions: 

The loading conditions are applied on the models are 

according to the ASTM paper F 1264. According to the four 

point bending test there are four points are taken for 

applying the loads and support. As per the standards the 

distance is taken and then we have put this distance in the 

ANSYS design modular [10]. After that load applied load 

on two points which are at the upper side of the implant. 

Loading condition is shown in figure 3 
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Fig 3 Loading condition 

Where, 

S= the span from a load point to the nearest support 

C= the center span 

L= the total span or gauge length 

F = Force applied 

D= Diameter of the roller 

E. Constraint conditions: 

The loading conditions are applied on the models are 

according to the ASTM paper F 1264. According to the four 

point bending test the two bottom most points are taken to 

applied the constraint conditions. This selection of two 

points is shown in figure 4 

For the constraining the interlocking nails the fixed 

supports given to the two points which are at the bottom 

side of the interlocking nail. The portion in blue colour 

indicates the constraint condition 

 

Fig 4 Four point bending condition 

F. Modification in geometry: 

Modifications are to be made on the model according to 

ASTM standard method of four point bending. Two upper 

rollers are drawn for loading and two bottom rollers are 

drawn for support. The total lengths between two bottom 

rollers are kept as 360mm and length between two upper 

rollers is kept as 120mm. Rollers are of diameter 20mm and 

width of 15 mm each. These modifications are created in 

CATIA VSR18 software.The Figure 5 shows the 

modification in geometric model of interlocking nail. This 

model is further used in the ANSYS 15 in .stp file format 

for the analysis purpose 

 

 

Fig 5 Modified geometry 

 

 

V. ANALYSIS: 

G. Geometry 

In static structural, geometry imported the geometry of 

interlocking nail model having file extension .stp format.All 

types of bodies supported by simulation areused.The Fig.5 

shows modified geometry in workbench. 

 

Fig 6 Nail model 

Geometry is edited in design modular. The bonded contact 

is given between the loading rollers and nail. Three faces of 

nail come in the contact with the roller. 

 

H. Meshing : 

 

Fig 7 Meshing 

SOLID187 is used for this study, it has higher order 3-D, 

10node element. SOLID187is well suited to modeling 

irregular meshes because has a quadratic displacement 

behavior. 

I. Constraint conditions: 

As shown in Figure 8 Constraint conditions are applied 

on nail. As per the ASTM standard paper F1264, bottom 
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support roller are fixed along with support plate which is 

created in CATIA VSR18. 

 

Fig 8 Constraint conditions 

J. Loading conditions: 

In loading conditions, loads are applied on loading 

rollers created at the distances 170mm and 290mm on 

model from proximal end. Load of 500N is applied on the 

loading plate to solve problem by using ANSYS. Figure 9 

shows Boundary conditions applied on nail. 

 

Fig 9 Loading Condition 

K. Worst case for Stainless steel 316L: 

There are two materials used for the different models. So 

for the stainless steel Model I0109.1046 following are the 

results obtained: 

1) Stresses in the nail (localized stress at hole) 

For the given boundary and loading conditions the 

stress value for the interlocking nail are as shown in the 

image. The maximum value of the stress is 390 Mpa. But 

these stresses are occurred at the hole and are localized 

stresses which are to be neglected. Localized stresses are the 

stress values which are having the stress values greater than 

the stresses in the remaining body. So this localized stress 

values may cause error in the results so this values has to be 

neglected. 

 

Fig 10Stresses in the nail 

2) Stresses without considering the localized stresses. 

There is great difference between stress values of local 

stress and without localstress values. But in order to get the 

accurate results the localized stress values areneglected. 

After neglecting the localized stresses the maximum stress 

value for theworst case is yield strength 

 

Fig 11Stresses without considering the localized stresses 

3) Deformation for Nail 

The deformation of the every model is maximum at the 

same location that is at the center of the span. For the given 

1046 model the maximum deformation value for the worst 

case is 1.5994 mm beyond this deformation the nail fails. 

This deformationvalue is for the load 1330 N. 

 

Fig 12  Deformation of nail 

Similarly, same procedure is repeated for finding the worst 

case of Titanium alloy 
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VI.  RESULTS 

The worst case for implant modelI0109.1046is found out 

by plotting thegraphs of stress vs. load and deformation vs. 

load. They are shown in fig. 13 and fig. 14: 

 

Fig 13 Stress vs. Load for Stainless steel 
 

 

Fig 14 Stress vs. Load for Titanium steel 

Similarly, Load carrying capacity, and deformation is shown 

in Table 2 and Table 3 Alsoworst case for implant 

modelshaving 9mm, 10mm, 11mm 12mm diameterof 

stainless steel and titanium alloy are calculated and 

tabulated in Table 4 and Table 5 

TABLE2 

RESULTS FOR STAINLESS STEEL MATERIAL MODEL 

Sr. 

No. 
Model Name Load (N) 

Deformation 

(mm) 

Stress 

(Mpa) 

1 I0109.0946 

500 0.7813 263.09 

900 1.1719 368.32 

1300 1.5626 491.09 

1700 1.9535 657.12 

2 I0109.1046 

500 0.6013 233.24 

800 0.9620 373.18 

1100 1.3228 513.13 

1400 1.6836 653.07 

3 I0109.1146 

500 0.5391 201.06 

900 0.9703 361.90 

1300 1.4016 522.75 

1700 1.8329 683.60 

4 I0109.1246 

500 0.4219 195.28 

900 0.7594 351.5 

1300 1.0969 507.73 

1700 1.4344 663.95 

TABLE 3 

RESULTS FOR TITANIUM MATERIAL MODEL 

Sr. 

No. 
Model Name Load (N) 

Deformatio

n (mm) 

Stress 

(Mpa) 

1 I0109.0946 

500 1.282 258.81 

900 2.307 465.67 

1300 3.33 672.64 

1700 4.35 879.61 

2 I0109.1046 

500 0.9869 235.17 

900 1.776 448.27 

1300 2.56 619.24 

1700 3.35 809.77 

3 I0109.1146 

500 0.8832 195.49 

1150 2.031 449.65 

1700 3.002 664.7 

2250 3.9744 879.75 

4 I0109.1246 

500 0.6908 153.61 

1250 1.72 384.02 

2000 2.76 614.44 

2750 3.79 844.85 

 

TABLE 4 

WORST CASE FOR STAINLESS STEEL 

Sr. No. Model Name Worst case (Strength) (N) 

1 I0109.0946 1175 

2 I0109.1046 1330 

3 I0109.1146 1542 

4 I0109.1246 1588 

 

TABLE 5 

WORST CASE FOR TITANIUM ALLOY 

Sr. No. Model Name Worst Case (Strength) (N) 

1 I0109.0946 1536 

2 I0109.1046 1668.97 

3 I0109.1146 2033.80 

4 I0109.1246 2587.89 

 

VII. CONCLUSION: 

From the result it can be concluded that titanium material 

for interlocking nailing system have relatively higher 

strength to stainless steel. This higher strength provides 

better bone healing potential and provides better stability to 

the fracture fixation. From above results it can be conclude 

that the titanium alloy material i.e. Ti6Al4V can be used for 

implant. Result shows the strength of the titanium alloy 

material is more than the stainless steel. Due to this property 

the load sustaining capacity of implant is increased which 

increases the factor of safety. By using four point bending 

technique worst cases of each intramedullary nail are found 

out which shows the comparative results of stainless steel 

and titanium alloy shown in table 4 and table 5. Worst case 

of interlocking nailing system states that maximum load 

carrying capacity of each model. 
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