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Abstract : - Biomechanics is a field that combines the disciplines of biology and engineering mechanics and
utilizes the tools of physics, mathematics, and engineering to quantitatively describe the properties of biological
materials. Finite element modeling has been widely used to describe the mechanical behavior of the long bones
which have been created from CT (Computer Tomography) images In this study a three dimensional model of
the human femur bone has been developed and the data associated with the hip contact forces for normal
walking and standing up during one cycle has been employed on the femur bone in order to investigate behavior
of the femur bone during these activities. The finite element results (stresses) are obtained and compared with
previous studies . The behavior of the stresses that obtained in the present study is similar to those found in the
literature . The results of the analysis are helpful for the orthopedic surgeon to understand the biomechanical
behavior of the femur bone and also important for surgeon in femur surgeries and bone prosthesis.
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l. INTRODUCTION

Biomechanics is the application of mechanical principles on living organisms. By applying the laws
and concepts of physics, biomechanical mechanisms and structures can be simulated and studied[1]. The gait
cycle is defined as the time interval between two successive occurrences of one of the repetitive events of
walking and is the basic measurement unit in gait analysis. The gait cycle begins when one foot comes in
contact with the ground and ends when the same foot contacts the ground again[2]. During gait, important
movements occur in all three planes — sagittal, frontal and transverse. The largest movements occur in the
saggital plane. Saggital plane hip motion is essentially sinusoidal in walking. The loads on the hip joint during
dynamic activities have been studied by several investigators. The force vector acting on the femoral head
depends on the external forces acting on the limb and the internal forces primarily generated by muscle
contraction. In general, the resultant force at the hip joint during walking reaches an initial peak in the early
stance phase and a second peak in the late stance phase as described in [3,4]. Therefore in order to understand
the mechanical behavior of the human femur bone , the Finite Element Method (FEM) is widely accepted as a
power tool for biomechanics modeling. Irregular geometry, complex microstructure of biological tissues and
loading situations are specific problems of the FEM in biomechanics and are still difficult to model [5]. FE
model would be advantageous in complementing experimental works and in overcoming the inherent limitations
associated with experimental studies which can provide only limited amount of information [6]. It is generally
recognized that the employment of finite element analysis in the biomedical practice may potentially have a
number of benefits such as offer additional evidence for clinical diagnosis of osteoporosis [7], help guide
physical therapy [8], assist the development of more efficient/durable implants [9], and help improve the
understanding of bone remodeling processes [10].

1. METHODOLOGY
A. Creating the model of the femur bone
For FE analysis of femur bone, firstly the three dimensional model of femur was developed. In the
present study we have used an ideal femur bone model as presented in literature [11]. The model used
represented an ideal human femur bone with age of 40 years old healthy individual whose weight is 75 Kg
which was reconstructed from CT (DICOM) images. The model was received as (.sat) file then it was imported
to (ANSYS Workbench V12.1). then the model is divided into two parts, the upper part which includes the head
and neck and the lower part which includes the body of the femur and the condyles, the process of creating two
parts is to consider the upper part as cortical bone and the lower part as trabecular bone the process of dividing
the femur bone is as follows:
a. After importing the three dimensional model in to the geometry window, a new plane has been created on
the head of the femur the axes of the new plane has been rotated 90 in order to make the direction of the
cut in X-Y plane and the Z axes is pointed toward the longitudinal axes of the femur bone.
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b. The new plane surface has been shifted in Z direction distal to the head of the femur (70 mm) and shifted
in X direction (38 mm) in order to prepare for the slicing process.

c. After that a freeze command in Ansys workbench (V12.1) has been applied on the femur bone then the
slicing of the femur has been done by applying the slice command on the femur bone.

d.  Now the femur bone is divided in to two parts upper part which includes the (Head of the femur and the
neck) and the lower part which include (the body of the femur bone and the condyles of the femur).

e. The surface that separate the upper part form the lower part is considered as a contact region and this
region affects the calculation of stresses in Ansys Workbench (V12.1) so a command in the program has
been applied on the femur bone is (form new part) the process of applying this command is by selecting
the two parts (upper part and lower part ) simultaneously and then a command of (creating new part) has
been applied on the femur bone in order to connect the two parts together (glue) (the atoms the upper part
overlap with the atoms of the lower part) .

f.  Now the femur bone appears as a complete femur bone (one piece) without a contact between the upper
and lower part but at the same time we are able to assign the material properties for the upper part
different from the material properties of the lower part .

B. Mesh Preparation

Mesh is a very important step required for Finite Element Analysis of the femur model, an optimized
mesh has been developed using model wizard in ANSYS Workbench, a proper setting and values have been
executed in order to use smaller elements on proximities and curvatures for the model. The numbers of
tetrahedral elements used for the femur model are 8603, while the number of nodes is 17148 as shown in
Figure 1.
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Figure 1 showing the femur model after making mesh process

C. Assignment of material properties for the model
One of the important parameters necessary for the stress analysis is the assignment of the material
properties for the human femur model, we have assigned the material properties according to the values found
in literature, the following section presents the major parameters assigned for our model:
a. Density: The density of the human femur bone has been chosen according to mathematical relationship
(1) that correlates the HU unit (Hounsfield Unit) with the density[12,13];
O 000464107 HU U1 eveeveeeeeereeeeeesneerseeeeesnnn 1)

Where: p = Bone density (g/cm?)

HU = Hounsfield Unit

We have taken HU as 800 for trabicular bone and HU 2200 for cortical bone as reported in literature

[14].The range of HU for bone is from +700 for cancellous to +3000 for cortical[14]. After choosing the

HU values, they were substituted to the above Eqg. (1) to get the density for cortical and trabecular bones.
b. Modulus of Elasticity: Human bone is highly heterogeneous and nonlinear in nature, so it is difficult to

assign material properties along each direction of bone model [1].

In the present study the behavior of the human femur bone has been assumed as orthotropic ,
homogeneous behavior , the values of the modulus of elasticity for the femur model have been found according
to empirical relationships that correlates the density of the bone with the modulus of elasticity as reported in the
literature [13,15].

E =B = 2314 ph5 it eere e e e enas 2
E3r= 2065 p¥1% e e s ee e (3)
Eir= Eqp= 1157 ph78 i ccee e e eeeneeeanee 4)
Ex= 1904 p2B% e rre e e s e e e (5)
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Viz=04,V33=V33=025
Where (Ec, Et) is the elastic modulus for the cortical and trabecular bone in MPa , (p) density of the bone in
(g;’mg) and (V) is the poisson ratio,1: radial , 2: circumferential and 3: longitudinal direction of the bone

material.
The values of the densities for cortical and trabecular bone that get from Eq.(1) applied in Eq.(2) ,

Eq.(3), Eq.(4) and Eq.(5) in order to calculate the Young’s modulus for the cortical and trabecular bone .
The below table (1) illustrates the parameters that used to assign the material properties for the femur model.

TABLE |
Illustrate the parameters required for assignment of material properties for Finite Element Analysis
Parameter Cortical bone Trabecular bone
Hounsfield Unit 2200 800
(HY)
Density(g/cm®) 2.0208 1.3712
Modulus of E;=6982.9 E,= 20294
Elasticity(MPa) E,= 6982.9 E,=2029.4
Es;= 18155 Es;=3195.3
Poisson’s Ratio v1,=0.4 v 12=0.4
V3= 0.25 V3= 0.25
V3= 0.25 V31— 0.25
Shear Modulus G1,=4.69 G1,=4.69
(GPa)[16] G,3=5.61 G,3=5.61
G31: 7.68 631: 7.68

D. Boundary Conditions

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 , 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

E. Loading Conditions

The type of stress analysis used in the present study is the transient structural analysis (also called time-
history analysis). This type of analysis is used to determine the dynamic response of a structure under the action
of any general time-dependent loads [17]. In Transient analysis, the load can be simulated with time dependent
values, therefore in the present study we need to measure the hip contact force that applied on the head of the
femur during a complete gait cycle for the activities included in my present study. Since 1980's, Bergmann and
his research group have been pursuing the instrumented hip implants with telemetric data transmission [18-23].
Their collected gait data were recorded in HIP98 [24], and it was updated in 2001, these data were also updated
in 2010 as reported in the literature [25] , these gait data which includes the hip contact force with the cycle
duration have been used in my present study for a typical patient weight (75 kg) in order to calculate the
stresses on the human femur bone . it is unique gait data base of the human hip contact force simultaneously
measured in vivo. The activities included in my present study are illustrated in table (I1).

TABLE 11
Describe the activities included in the present study
Activity Description
Normal Walking at normal speed on level
Walking ground, average speed:
3.9km/h(1.09m/s)
Standing Up Standing up, chair height 50cm, arms
hold at the chest height
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These hip contact forces have been plotted with respect to the gait cycle for normal walking and
standing up as shown in Figure 2 and Figure 3.
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Figure 2 Hip contact force and its components during normal walking
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Figure 3 Hip contact force and its components during standing up

1. RESULTS AND DISCUSSION

The Normal stresses obtained from the stress analysis of the human femur bone during normal walking
and standing up are shown in figure(4), Figure(5), Figure(6), Fig(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 as shown in Figure (8) and Figure(10) and
compared with the distribution of the peak stresses that is reported in the literature [26] , the behavior of the
stresses during normal walking is similar to the behavior of the stresses reported in literature [26] but there is a
simple differences associated with the maximum peak stresses as shown in table (l1l) 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) , (¢) muscles forces which are not included in my present study, (d) the material properties
used for the model and the behavior of the bone. The results of the stresses for standing up have been also
compared with the stresses reported in literature [26] , the behavior of the results are similar to the behavior of
the results reported in literature [26] but there is also a difference associated with the maximum peak stress as
shown in table (l1l) 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 behavior of the bone.

The obtained stresses are useful for tests on strength , fixation and friction of implants , for optimising
their design and materials by computer simulation and also important for surgeon in femur surgeries and bone
prosthesis.

Table (111)
showing the comparison of the peak stresses with those reported in previous study
Activity Maximum Peak stress | Maximum Peak stress
in my study(MPa) as reported in
literature(MPa) [26]

Normal 9.48 11.3
Walking

Standing Up 6.9 10.3

WWW.i0srjen.org 16|Page




Biomechanical Analysis of the human femur bone during normal walking and standing up

Ll
B Wkt | R A OO DR S S[EQQQEMA QR S| O

[z Probe

25543
0.24387
-2.0665
-4.377
-6.6874
-8.9978
-11.308 Min

z
i 300.00 (mm) -
L S—— SS—
75.00 225.00
\ Geometry £ Print Preview A Report Preview/

Figure 4 showing the distribution of the normal stresses during normal walking (Front View).
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Figure 5 showing the distribution of the normal stresses during normal walking (Top View).
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Figure 6 showing the distribution of normal stresses during standing up (Front View).
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Figure 7 showing the distribution of the normal stresses during standing up (Top View)
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Figure 8 showing the distribution of the normal stress during normal walking.
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Figure 9 showing the distribution of the peak stress during normal walking as reported in literature [26]
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Fig.(10) showing the distribution of the normal stress during standing up
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Fig.(3.11) showing the distribution of the peak stress during standing up as reported in literature [26].
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