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Abstract The aim of the present work is to evaluate the
artificial hip joint femur head that is made of Stiffness
Graded (SG) material in terms of joint stresses distributions
and dimensions. In this study, 3D finite element models of
femur head that is made of SG material and traditional
femur heads made of Stainless Steel (SS), Cobalt Chro-
mium alloy (Co Cr Mo) and Titanium alloy (Ti) have been
developed using the ANSYS Code. The effects on the total
artificial hip joint system stresses due to using the proposed
SG material femur head (with low stiffness at the outer
surface and high stiffness at its core) have been investi-
gated. Also, the effects on the polymeric cup contact
stresses due to the use of different sizes of femur heads,
presence of metal backing shell and presence of radial
clearance (gap) between cup and femur head have been
investigated. The finite element results showed that using
SG femur head resulted in a significant reduction in the cup
contact stresses even for small femur heads compared with
Ti alloy, SS and Co Cr Mo femur heads. The presence of
radial clearance resulted in significant increase in the cup
stresses especially for small femur heads. Finally, the
presence of SS metal backing shell resulted in slight
increase in the hip joint stresses especially for small femur
head joints. This work analyzes successfully the usage of
proposed SG material as femur head in order to reduce the
predicted stresses at the total hip joint replacement due to
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the redistribution of strain energy in the hip prostheses.
Therefore, the present results suggest that minor changes in
design and geometrical parameters of the hip joint have
significant consequences on the long term use of the joint
and should be taken into consideration during the design of
the hip joint.

1 Introduction

The success of the artificial hip joint in increasing mobility
and reducing the pain can lead to significant improvements
in the quality of many people’s lives. Around 80% of the
total hip joint replacements are successful between 15 and
20 years [1, 2]. However, since these joints are now being
implanted in younger people, they must be durable for at
least more than 20 years. Currently, it is believed that the
long-term behavior of the total hip joint replacement is
dependent on obtaining low wear rate within the hip joint
polymeric cup [3-8].

According to experimental and clinical results, there are
many reasons for the artificial hip joints failure. These
include: infection, dislocation, stem fracture and loosening,
etc. However, the aspect loosening has been considered as
one of the most common reasons for artificial hip joint
failure. The hip joint loosening is linked to the presence of
a large number of wear debris particles from the Ultra High
Molecular Weight Polyethylene (UHMWPE) cup. The
presence of such particles is considered as one of the main
factors that affects the long-term stability of the total hip
arthroplasty. These particles are known to induce adverse
tissue reaction that leads to extensive bone loss around the
implant and consequently osteolysis and implant loosening
[1, 2, 8]. Also, the entering of foreign particles (third body)
between the cup and femur head leads to hip joint
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loosening. These particles normally originate from the
bone cement which the implant is fixed with.

Previous experimental results indicated that under high
stress levels and with sliding distance comparable to those
encountered in artificial hip joints; the UHMWPE cup
subsurface fatigue contributes to the volume of wear debris
[1, 9—11]. Since the fatigue process is influenced by surface
stress levels, it is important to reduce contact stress at the
cup with the aim of reducing the UHMWPE cup wear
volume. Previous work indicated that the femur head
dimensions and material, cup thickness and material, radial
clearance between cup and ball and metal backing shell
stiffness are identified as the most important factors that
affect the contact pressure on the cup [12—-15]. Therefore,
over the past 50 years, different artificial hip joint designs
and materials have been demonstrated to modulate implant
survival [16-22].

The most common materials combinations of the arti-
ficial hip joint are metallic femoral head, polymeric cup,
PMMA bone cement and sometimes metal backing shell
that cover the UHMWPE layer for better fixation on the
pelvis [12]. The most commonly used materials for artifi-
cial femur head are Co Cr Mo, SS, Ti, ceramic and carbon
composite materials. They are used because of their high
strength and good biocompatibility [9, 12, 13, 23]. One of
the problems of the artificial hip joint implant is that most
of the above femur head materials do not have the same
strength and characteristics of acetabular component and
human bone.

To the best of our knowledge, no studies have investi-
gated the use of Stiffness Graded (SG) material (with low
stiffness at the outer surface to simulate the natural hip
joint cartilage and high stiffness at the core to support the
joint load) in the artificial hip joint as a femur head. Also,
the effects of different hip joint design parameters on
resultant joint stresses are still unclear and can be important
for the long term clinical performance of the prosthesis
[23]. Therefore, the present study is part of a research
project that is indented to fill the gap of using SG materials
as a femur head and investigate their effects on the
improvement of long term performance of the total hip
joint replacement. This part of research aims at using the
3D finite element modelling for investigating the modifi-
cation on the UHMWPE cup stresses when using SG
material as femur head instead of traditional femur heads
made of SS, Ti and Co Cr Mo under static loading con-
ditions. Also, this study considers the effects of femur head
dimensions and presence of radial clearance between ball
and cup on the resultant contact stresses at the hip joint
cup. The effects of the presence of metal backing shell on
the UHMWPE contact stress are also studied. Preliminary
results of the present project are previously published in
[24]. Detailed analyses are considered in this study.
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2 Materials and methods
2.1 Finite element modelling

Because of the difficulties in performing the in vivo tests
for the artificial implants, mathematical models are devel-
oped to carry out the structural analyses of artificial
implants prior to application on patients. Accordingly, the
hip prostheses could be designed and examined with
computer simulation prior to implantation. The finite ele-
ment modeling (FEM) is a standard tool that can be used in
the biomedical engineering field to accurately predict the
state of stresses and strains in geometrically complex
structures. The FEM is widely used in the design and
analysis of total joint replacements and other orthopedic
devices. The precision in the FE results can be achieved
once geometry, material properties and boundary condi-
tions are carefully specified.

In the present study, the 3D finite element models of the
hip joint components are generated using the finite element
code ANSYS v12 [25]. This implicit Lagrangian non-linear
finite element code is used because of its efficiency for
linear and non-linear quasi-static simulation. Previous
work [26] indicated that the inclusion of the pelvic bone in
the hip joint model can influence the resultant stresses on
the UHMWPE component especially for non-metal backed
model. Therefore, in the present study, the hip joint model
is assumed to be composed of pelvic bone due to its
remarkable effects on the results, femur head, UHMWPE
cup and metal backing shell as shown in Fig. 1. The
dimensions of hip joint models components are tabulated in
Table 1 [27]. The pelvis is assumed to have a hemispher-
ical shape with 42 mm thickness of cancellous bone [16].

Two different hip joint models are considered in the
present study. In the first hip joint model, the artificial hip
joint contains pelvic bone, femur head with different
stiffness and dimensions and their corresponding
UHMWPE cups. In the second model, a metal backing
shell covers the UHMWPE cup as shown in Fig. 1. For
both models, a radial clearance of 0.0, 0.1 and 0.2 mm
between the femur head and UHMWPE cup are taken into
consideration.

The geometries of femur heads, UHMWPE cups, pelvic
bone, and metal backing shell are all constructed with
CATIA software V5R19 [28] and then imported into the
ANSYS code as IGES files. A 3D 20 node solid element
(tetrahedron Solid 95) is chosen for modeling the hip joint
assembly. This element is defined by 20 nodes having three
degrees of freedom per node: translations in the nodal x, y,
and z directions. Also, this element has the capability to
accurately model the creep, the large deflection, and the
large strain that may occur during the simulation. The
contact interface between UHMWPE cup, metal backing
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Fig. 1 Hip joint model a

Table 1 Dimensions of hip joint

Femur head diameter (mm) 22
UHMWPE cup inner diameter (mm) 22,22.1,22.2
UHMWPE cup outer diameter (mm) 39

Metal backing thickness (mm) 0,3

28 32 42

28, 28.1, 28.2 32,321,322 42,421,422
41 51 59

0,3 0,3 0,3

shell and pelvic bone is represented as completely bonded
surfaces. In order to simulate the low friction sliding
between the metallic femur head and polymeric cup, sur-
face to surface contact elements (target 170 and contact
174) are created between the femur head and UHMWPE
cup. These 8 node elements support large deformation,
with significant amount of sliding and friction efficiently.

The effects of mesh size and density on the predicted
results are examined by increasing the number of elements
until the predicted results become constant with increasing
the mesh density. A static load of 3KN, which corresponds
to 3—6 times body weight [13], is applied at the femur head

Fig. 2 Boundary conditions of the hip joint

neck as shown in Fig. 2. This resultant load is based on the
assumption that the body weight is 70 kg. The other initial
conditions like sex, age, activity, etc. are neglected [13].

2.2 Material properties

Four different materials are used in the present study to
simulate the femur head behaviour using finite element
simulation. Theses materials are Ti alloy, Co Cr Mo, SS
and SG material. They are used to simulate the femur heads
due to their high strength and sufficient biocompatibility in
clinical conditions. The SS is also used as the metal
backing shell material due to its high strength. Finally, the
pelvis which is assumed to have a hemispherical shape is
represented as a cancellous bone [16]. The femur head
materials and the cancellous bone are assumed to be
homogenous, isotropic and linearly elastic for simplifica-
tion. The values of elastic modulus and Poisson’s ratio of
these materials are summarized in Table 2 [12, 13, 16, 22].
The SG material which is assumed to have an elastic
modulus of 110GPa at the femur head core varies
according to Eq. 1 to 50 GPa at the femur head outer
surface. The SG material is assumed to have a constant
Poisson’s ratio of 0.3.

Ef = Epax e ™ (1)

where ¢ = "““) , E¢is the Young’s modulus of the SG
femur head at any position, E,;, is the value of femur head
modulus at the outer surface (equals 50 GPa), E, .« is the
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Table 2 Mechanical properties of the hip joint components

Material Ti Co Cr FG material Cancellous SS
alloy Mo bone
Elastic 110 230 Changes from 0.33 210
modulus GPa (50-110)
Poisson’s ratio 0.3 0.3 0.3 0.3 0.3

value of femur head modulus at the inner surface (core
which equals 110 GPa), D, is the maximum diameter of
femur head and d is the variable diameter of femur head.

Finally, the UHMWPE material is used to simulate the
polymeric cup behavior [29-34]. The UHMWPE true
stress/strain data which is previously obtained by the
author [31] has been used to simulate the behaviour of the
polymeric cup in the FEM. The UHMWPE cup behaviour
is modeled in the ANSYS Code using a Multi-linear Iso-
tropic hardening material model that is recommended for
large strain analysis. The behaviour of UHMWPE cup is
represented by a piece-wise linear stress—strain curve,
starting at the origin with positive stress—strain values
through a certain number of points. The tensile stress/strain
curve of UHMWPE is fed into the ANSYS Code as two
regions. The first is the linear deformation region which is
modeled by the knowledge of the tested material Young’s
modulus (900 MPa) and the corresponding Yield strength
(23.5 MPa). The second region which represents the tested
material plastic deformation (non-linear strain hardening)
is modeled by the knowledge of the flow stresses and their
corresponding total strains. The UHMWPE is assumed to
have a constant Poisson’s ratio of 0.4 [12].

3 Results and discussions

3.1 Effects of femur head dimension on the UHMWPE
contact stresses

Figure 3 shows the variation on the maximum Von Mises
stresses at the UHMWPE cup for different femur head
geometries and stiffness for metal backed joint. It can be
noticed that the maximum Von Mises stresses at the
UHMWPE cup decreased significantly with increasing the
femur head dimension for all types of femur head materi-
als. For the Co Cr Mo femur head, the stress at the cup
decreased by 39% when a femur head of 32 mm diameter
is used instead of 22 mm femur head. Also, for SG femur
head, the stress at the cup decreased by 45% when a femur
head of 32 mm diameter is used instead of 22 mm. The
significant reduction in UHMWPE cup stresses due to
using large femur heads can be referred to the increase in
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Fig. 3 Variation of UHMWPE cup Von Mises stress with femur head
diameter for different femur head stiffness for metal backed joint

the contact area between the femur head and the cup. The
contact stresses at the cup are inversely dependent on the
femur dimension as shown in the following equation [35].

12 F 2)

B 57—5 R%emur

The larger contact area between the cup and head
induced lower contact stress at cup.

For the smallest femur head (22 mm diameter), the
values of maximum Von Mises stresses on the UHMWPE
cup are 26.8, 24.1, 22.5 and 21 MPa for Co Cr Mo, SS, Ti
and SG femur heads respectively. These values (except for
SG femur heads) are higher than the yield strength of
UHMWPE material which is around 23.5 & 1 MPa [31-
34]. The presence of such local higher stress zones will
affect the subsurface fatigue of UHMWPE cup, which
contributes to aspect joint loosening. As the femur head
dimension increased to 32 mm, the maximum values of
Von Mises stresses in the UHMWPE cup became 16.4, 15,
13.2 and 11.5 MPa for Co Cr Mo, SS, Ti and SG femur
heads respectively. In this case, the contact stresses in the
UHMWPE cup are lower than its yield strength. This
reduction in the UHMWPE contact stresses will lead to an
improvement in the short and long term performance of the
hip joint implant [1, 19]. As noticed from the above results,
it can be concluded that, for the same femur head size, the
use of SG femur heads results in a reduction in the
UHMWPE stresses when compared with the other femur
heads at the same conditions. The reduction in the pre-
dicted cup contact stresses will improve the long term
performance of the total hip joint replacement.

Previous results indicated that the use of larger femur
heads may induce larger wear rate but give a smaller wear
depth [36]. Therefore, the advantage of using femur heads
of larger diameter not only includes the possibility for a
greater range of motion, greater intrinsic stability of the

g
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implant and reduction in incidence dislocation but also
results in a reduction of the cup contact stress and wear
depth [9, 36].

3.2 Effects of femur head stiffness on the UHMWPE
stresses

The effects of femur head stiffness on the resultant Von
Mises stress at the UHMWPE cup are also indicated in
Fig. 3. From this figure it can be noticed that the resultant
stresses on the UHMWPE cup decreased significantly
when using SG material instead of Co Cr Mo, SS and Ti.
For example, for 22 mm femur head, the resultant Von
Mises stresses on the UHMWPE cup decreased from 26.8
to 21 MPa when using SG femur head instead of Co Cr
Mo. For 32 femur head, the resultant Von Mises stress on
the UHMWPE cup decreased from 16.4 to 11.5 MPa when
using SG femur head instead of Co Cr Mo. The proposed
SG femur head resulted in the reduction of the UHMWPE
cup Von Mises stresses compared with SS, Ti and Co Cr
Mo femur heads. It is important to mention that when using
SG material as femur head, the values of the resultant
stresses on the UHMWPE cup are always below its yield
strength even for the smallest femur head size (22 mm).

The reduction in the cup contact stresses can be referred
to that the outer layer of SG femur head has relatively low
stiffness that allows more deformation and more contact
area between the SG femur head and UHMWPE cup.
Therefore, the hip joint load is distributed onto larger
contact area which results in the reduction of the joint peak
stresses. Similar trends are obtained by Jiang [12], where
the UHMWPE cup stresses decreased due to the insertion
of soft artificial cartilage between the metallic femur head
and polymeric cup. Also, similar trends are obtained by
Lan Chen et al. [37] where the stresses at the UHMWPE
cup decreased by 32% when using Carbon femur head with
low modulus instead of ceramic femur head.

From the above results it can concluded that the usage of
proposed SG material as femur head successfully reduces
the predicted stresses at the total hip joint replacement.
This reduction can be regarded to the redistribution and
absorption of strain energy in the hip prostheses due to the
high flexibility of the SG femur head outer layer compared
to other femur heads. The reduction in the predicted con-
tact stresses at the UHMWPE cup will decrease the sub-
surface fatigue that may occur at the polymeric cup. This
will lead to a reduction of the artificial hip joint loosening
rate and improving its short and long term performance.

3.3 Effects of metal backing on the UHMWPE stresses

Figure 4 shows the effects on the resultant UHMWPE cup
Von Mises stresses with femur head diameters for metal

backed and non backed implants. The results indicated that
for small femur heads, the presence of metal backing
resulted in a reduction in the UHMWPE cup Von Mises
stress for all femur head materials. For 22 mm femur head,
the UHMWPE cup stresses decreased by 7, 11, 8 and 9%
when using SS metal backing for Co Cr Mo, SS, Ti and SG
femur head joint respectively. These results are similar to
the results obtained by Hia-bo [12] where the UHMWPE
cup stresses decreased by about 10% when using SS as a
metal backing for Ti and Co Cr Mo femur heads. On the
other side, Barreto et. al. [26] indicate that the presence of
metal backing in the artificial hip joint results in a
remarkable increase in the UHMWPE cup stresses under
dynamic loading conditions.

For the implants with SG femur head more than 28 mm
in diameter, the resultant contact stresses at the UHMWPE
cup is unchanged due to the presence of SS metal backing.
There is no need for metal backing when using SG femur
head with a diameter of more than 28 mm. This result can
be referred to in this case; the UHMWPE cup has sufficient
dimensions to carry out the implant load. In contrast, Hio-
bo [12] indicates that the presence of metal backing
thickness results in a slight increase in the UHMWPE cup
stresses for the artificial hip joint with a soft artificial
cartilage between the 28 mm metallic femur head and
polymeric cup.

Finally, the presence of metal backing results in a uni-
form distribution of Von Mises stresses at the UHMWPE
cup. This uniform stress distribution at the cup theoretically
decreases the loosening rate that may be caused by creep of
the cup and improves the artificial hip joint longevity.

3.4 Effects of the presence of gap in the hip joint
design on the cup stress

Figure 5 shows the effects on the resultant UHMWPE cup
Von Mises stresses due to presence of radial clearance
between cup and femur head for different femur head
dimensions and stiffness. The results of Fig. 5 indicate that
the presence of radial clearance results in a significant
increase in the cup stresses especially for small femur
heads for all femur head materials. The increase in
UHMWPE cup Von Mises stress due to the presence of
clearance can be attributed to the reduction in the contact
area that carries the joint load. Similar results have been
obtained experimentally and numerically by Korhonen
et al. [9]. Their results indicate that the presence of
0.25 mm clearance between cup and femur head elevates
peak contact pressure at cup-head interface by 27% and at
the cup-cement interface by 65%. Therefore, the reduction
of radial clearance between the bearing surfaces in the joint
replacements would be useful in reducing the contact stress
at the cup and hence preventing the onset of wear [23, 38].
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Fig. 4 Variation of UHMWPE cup stress with femur head diameter

Also, Teoh et al. [3] indicate that the predicted wear rate at
the UHMWPE cup is sensitive to radial clearance between
the femur head and UHMWPE cup. They have found that
severe wear occurs when the clearance is close to 0
and <0.5 mm. The best clearance range is between 0.1 and
0.15 mm where the average linear wear rate is 0.1 mm/
year and the volumetric wear is 55 mm? /year. Therefore, it
is important to avoid too tight or too loose diametrical
clearance between the cup and the femur head.

From Fig. 5, it can be noticed that for Co Cr Mo femur
head with 22 mm diameter, the cup stresses increase by
83% due to the presence of 0.2 mm gap while for SG femur
head, the cup stresses only increase by 53% due to the
same reason. In this case, the predicted stresses at the
UHMWPE cup exceed its yield point even for SG femur
head. For larger femur heads (32 mm), the predicted
stresses at the cup become 26, 24, 23 and 20 MPa due to
the presence of 0.2 mm gap for Co Cr Mo, SS, Ti and SG
femur heads respectively. Theses values (except for SG
femur head) exceed the yield point of the UHMWPE cup.
From the above results, it can be concluded that the use of
SG femur head (with low stiffness at its outer surface and
higher stiffness at the core) in the artificial hip joint with
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stiffness for different hip designs

gap or without gap results in lower stresses at the cup
compared to Co Cr Mo, SS and Ti femur heads. This
reduction can refer to that the outer layer of SG femur head
has relatively low stiffness that allows more deformation
and more contact area between the SG femur head and
UHMWPE cup. The hip joint load is then dispersed onto
larger contact area which results in the reduction of the
joint peak stresses. So, the use of SG femur head results in
a remarkable reduction of the overall hip joint stresses and
will improve the long term performance of the total joint
prostheses.

3.5 Stresses at bone

The variations of the resultant stresses at the bone with
femur head dimensions and stiffness are shown in Fig. 6.
The results indicate that the stresses at the bone decrease
when the femur head dimensions increase. Also, the results
indicate that the use of SG femur head results in a slight
reduction of the stress at the bone especially for large
femur heads. The presence of metal backing also results in
the reduction of stress at the bone especially for small
femur heads. This reduction can be attributed to the
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Fig. 5 Variation of UHMWPE cup stress with radial clearance for different femur head diameters and stiffness for 3 mm SS metal backed

implant

absorption of load by the metal backing shell. In the
present study, the resultant stresses at the pelvic bone range
from 3.5 to 5.5 MPa. Other finite element studies on the
artificial hip joint have reported predicted stresses of
6.7 MPa in the pelvic [23]. Generally, for all femur head
materials and dimensions, the resultant stress at the can-
cellous bone has acceptable values (see Fig. 7) [39]. The
use of SG femur head and presence of metal backing shell
has insignificant effects on the predicted stresses at the
human bone.

0O $G Femur Head - 3mm Metal Backing

m Ti Femur Head « 3 mm Metal Backing

@ S8 Femur Head - 3 mm Metal Backing

B Co Cr Mo Femur Head - 3 mm Metal Backing

Max Von Mises Stress at Bone (MPa)
w

32 mm Femur

28 mm Femur
Head Head Head Head

22 mm Femur 46 mm Femur

3.6 3D Empirical relation for stresses at the cup

From the FE results of polymeric cup stresses, a 3D
empirical relation has been established using Mathmatica
software to describe the variation of cup stresses (¢ in
MPa) as a function of femur head stiffness, dimensions and
radial clearance as the following form:

3
o(D,E,7) = Zci D'+ IE + y, In(D) + u; In(E); (3)
i=0

b 0O SG Femur Head - No Metal Backing
@ Ti Femur Head - No Metal Backing

# S8 Femur Head - No Metal Backing [
= Co Cr Mo Femur Head - No Metal Backing

Max Von Mises Stress at Bone (MPa)
w
|

o

22 mm Femur 28 mm Femur 32 mm Femur 46 mm Femur
Head Head Head Head

Fig. 6 Variation of bone Von Mises stress with femur head diameter for different femur head stiffness
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Fig. 7 Variation of Von Mises
stress on the hip joint of 22 mm
SG femur a metal backed design
b non-metal backed design

3
o(D,E,z) =Y D' +1E+7, In(D) + py In(E);  (4)
i=0

3
o(D,E,z) =Y eiD +fE+7, In(D) + ps In(E);  (5)
i=0

Equation 3 represents the variation of cup stresses with
cup stiffness and dimensions for zero radial clearance hip
joint models, where D is the femur diameter in mm and E is
the femur stiffness in GPa. The constants of Eq. 3 are:

ay=—17.424, a, =258, a»=—0.38,
b =154, 9, = —25.23,

Cl3:O
7]1:07 /11:—51

Eq. 4 represents the variation of cup stresses with cup
stiffness and dimensions for 0.1 mm radial clearance hip
joint models. The constants of Eq. 4 are:

co=1434, ¢, =—124, ¢, =0.24,
1=-08, n,=0, 7,=211, p, =408

C3:0

Equation 5 represents the variation of cup stresses with
cup stiffness and dimensions for 0.2 mm radial clearance
hip joint models. The constants of Eq. 5 are:

[ 20.7, [ —20.77 ey = 05,
f=-11 n3=0, vy;3=30.1,

Figure 8 shows the variation of cup stresses as a
function of femur head stiffness and dimensions obtained
from the 3D empirical relation established using
Mathmatica software. From Fig. 8, it can be concluded
that the predicted stresses at UHMWPE cup can be reduced
significantly when using larger femur head regardless its
stiffness. Also, this figure indicates that the use of low
stiffness (SG) femur head results in a remarkable reduction
in the cup stresses even for smaller femur heads. Therefore,
the present results suggest that rather minor changes in
design and geometrical parameters of the hip joint have
significant consequences on the long term use of the joint
and should be taken into consideration during the design of
the hip joint.

6320
Hy =39
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Fig. 8 Variation of cup stresses as a function of femur head stiffness
and dimensions obtained that obtained using Mathmatica software

4 Conclusion

This study analyzes successfully the usage of proposed SG
material as femur head to reduce the predicted stresses at
the total hip joint replacement due to the redistribution and
absorption of strain energy in the hip prostheses. The FE
results indicate that the use of SG femur head with low
stiffness at the outer surface and high stiffness at the core
results in significant reduction in the UHMWPE cup con-
tact stress even for small femur heads compared with Ti,
SS and Co Cr Mo femur heads. For example, for 3 mm
metal backed prosthesis, the use of SG material as a femur
head instead of Co Cr Mo results in a reduction in the
UHMWPE cup Von Mises stress with 22, 29, 30, 21% for
22, 28,32 and 42 mm femur diameters respectively. From
the FE results it can also be remarked that for 22 mm Co Cr
Mo femur head, the cup stresses increase by 83% due to the
presence of 0.2 mm gap while for SG femur head, the cup
stresses only increase by 53% due to the same reason. Also,
for larger femur heads (42 mm), the stresses at the cup
increase by 28 and 20% due to the presence of 0.2 mm gap
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for Co Cr Mo and SG femur heads respectively. Therefore,
the use of SG femur head (with low stiffness at its outer
surface and higher stiffness at the core) in the artificial hip
joint with gap or without gap results in lower stresses at the
cup compared to Co Cr Mo, SS and Ti femur heads.
Accordingly, the author believes that the use of SG mate-
rial as a femur head will be better for the reduction of the
resultant stresses at the joint and will improve the artificial
hip joint performance.
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