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The purpose of this research had been to develop standard hip implant and analyze stress distribution in implant
under daily activity by using ANSYS 14.5 software. In an existing study several CAD models of a hip prosthesis
with a rectangular rounded corner cross section were developed. Which were the combination of three hip
profiles and eight set of implants forecast through cluster analysis in IBM SPSS software V25. A Ti-6Al-4V biomaterial was used for analysis. Finite Element Analysis (FEA) of each implant was conducted for normal walking
and climbing staircase activity. The selection of implant was based on total deformation, as calculated stresses
were significantly lower in all cases than the yield stress of Ti-6Al-4V, thus implant was safe for the static
condition. FEA is a reliable and powerful tool for stress-strain analysis of complex-shaped implants, like the
artificial hip prosthesis.
© (2019) Society for Biomaterials & Artificial Organs #20-0343-19

Introduction
Hip replacement is a clinical process in which diseased parts of the
femur are replaced with artificial parts, called as the hip implant
[1,2]. With the escalation in hip replacements every year, the
requirement of a long-term implant design increases [3].
The tendency to intra-operative cracks and fracture, implant
loosening, and bone loss arise due to stress shielding and femoral
osteolysis [4]. These problems were related to a geometric mismatch
between an implant and endosteal bone, as there was variability in
upper femoral geometry such incorrect sized implants caused
serious problem to the patient [5, 6]. To overcome these problems
and to achieve proper fitment between femur and implant, it is
essential to design a few standard implants based on the shape
and size of the proximal femur of a population.
Several regions are important in the design of the hip implant and
these regions include geometry, materials, stress distribution along
the stem and micro-motion between the implant and the bone.
The geometry suitability between the human bones and implant
is one of the most key factors for a positive outcome. The hip
profile of implant can directly control the distribution of stress
around the implant and help reduce implant failure [7]. The peak
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stress concentrations take place at the distal and proximal ends of
the implant [8]. Knowing that stress attention was more in these
areas an implant can be designed to distribute stress more efficiently
in these zones along the implant.
Cobalt–chromium (CoCr), stainless steel (SS 316L), and a titanium
alloy (Ti6Al4V) are universally used as biomaterials. Presently,
titanium-based alloys, mainly Ti-6Al-4V & Ti-6Al-7Nb, are the
most regularly used materials for joint prostheses, being listed in
ASTM standard as biomaterials [9].
The micro-motion between the bone and implant must be reduced
because increased in micro-motion decrease the bone in-growth,
which results in reducing the stability of the implant. [10]. One
research exposed that micro-motion within the range of 50 – 200
µm should be controlled [11].
This study aims to evaluate the von mises stresses, total
deformation, maximum and minimum principal stress
distribution on the standard hip implant under daily activities like
walking and climbing stairs conditions with static loading
condition.

Materials and Methods
In the present study eleven anatomical parameters of femoral
prosthesis of 125 subjects (67 Male and 58 female) were measured,
from their X-ray in DICOM format. These eleven parameters
were grouped and put under cluster analysis in IBM SPSS Statistic
software (V25) and it gave standard values of each parameter
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Table 1: Forecast anatomical parameters by cluster analysis
AP

N

A (mm)
B (mm)

Male

Female

1.1

1.2

1.3

1.4

1.1

1.2

1.3

1.4

106

55.7

49.5

48.3

53.4

50.0

48.4

44.4

45.7

106

36.5

34.0

31.8

35.2

29.1

27.7

26.0

26.9

C (mm)

106

50.2

43.6

40.6

47.1

43.9

41.5

39.6

43.1

D (mm)

106

70.3

61.2

56.7

65.8

59.9

57.2

52.7

54.9

E (mm)

106

51.0

47.4

43.4

54.4

58.3

54.1

44.6

49.8

F (mm)

106

32.3

30.3

27.8

34.8

38.1

35.3

29.0

32.4

G (mm)

106

22.3

21.2

19.4

23.4

26.5

24.3

20.2

22.3

H (mm)

106

16.2

15.1

13.8

16.9

19.8

18.9

15.1

17.4

I (mm)

106

14.3

13.3

12.2

15.2

17.2

16.4

13.1

14.8

J (mm)

106

12.3

11.5

10.5

13.2

14.8

12.1

11.4

13.6

M (deg)

106

141.0

122.0

125.0

133.0

135.5

130.5

120.0

125.0

shown in Table 1, based on these values 8 (4 for male & 4 for
female) standard sizes implants design was possible. [12]
CAD Modelling
To optimize implant design three different hip profiles were used
shown in Fig.1, Hip profile 1 had a straight stem with a radius on
the lateral side near the proximal end. Hip profile 2 increased the
diameter and arc length of the profile on lateral sides of the stem.
Lastly, Hip profile 3 eliminated the radius on the lateral side and
replaces it with a surrounded shoulder [3]

the position of maximum articular stress. Each of the implant
designs was analyzed using the material properties of Ti6Al4V
given in Table 2.
According to Dowson [15] there are certain 22 muscles acting to
move the femur, but in the current finite element model only two
muscles were considered; the abductor muscle group (gluteus medius
and gluteus minimus) and the iliotibial band. They act to prevent
and stabilize the upper body during the one-legged stance phase
of walking.

A Pro-E 4.0 CAD modeling software was used to generate 3D
solid models of hip implants. These three hip profiles combined
with the eight standard sizes design (forecast by cluster analysis) to
create twenty-four different hip implant designs. The same is shown
below in Fig.2

As three hip profiles combined with the eight standard size
implants, it provided twenty-four different hip implant. These
implants evaluated for two conditions (i.e normal walking and
climbing staircase) and generated a total of 48 cases. For
understanding the study male implant 1.1 with profile 1 is taken as
a sample.

Finite Element Analysis

Mesh Generation and Boundary Conditions

It’s assumed that in synovial joints friction was negligible, and the
pressure was not hydro-static. Under these assumptions, the
stresses on the articular surface were normal stresses and were
proportional to the normal forces transmitted from one articulating
element to the other. In addition to that, attention would be given
only on the supporting stance phase of the gait, because this denotes

Software ANSYS 14.5 was used for Finite Element Analysis. The
four nodes tetrahedral element was chosen to reduce the calculating
time. The hip implant model had a total of 14507 nodes and 8257
elements. Mesh implant model is shown in Fig.3. Mesh generation
of each model was generated by ANSYS 14.5.

Figure 1: Hip profile - 1 (left): Hip profile - 2 (centre) and Hip profile - 3 (right)
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Figure 2: Twenty four CAD models of implant for three hip profiles

The implant was fully fixed at the distal end, and body weight
acting on the tip of the femoral head and muscular force acted on
the proximal end. The magnitude of the load to the hip during
gait was up to 4.2 times body weight. For a zero-degree pelvic
angle, the applied load was at approximately 20 degrees to the shaft
of the femur [16]. For the same pelvic angle, the abductor muscle
load was 1.5 times body weight and applied at an angle of 20° to
the vertical over the proximal end of the greater trochanter. The
iliotibial muscle load was 0.36-time body weight and applied parallel to the shaft of the femur in a distal direction shown in Fig.4.
[17]. The static load on a femoral head of hip and its muscles were
calculated for a person weighing 85kg. [9, 20]. Total load on Hip
implant under normal walking and climbing staircase activity for
static analysis were tabulated in Table 3.

Results
Maximum Von-mises stress, Maximum and Minimum principal
stresses, and Total Deformation were measured for static walking
and static climbing staircase. The result for male implant 1.1 with
profile 1 is shown in Fig. 5 and 6. The result of all 24 cases of static
walking and 24 cases of static climbing was tabulated in Table 4 and
5 resp.
The selection process of an implant was based on total deformation,
because calculated stresses were significantly lower in all cases than
the yield stress of Ti-6Al-4V (860 Mpa). For both walking and
staircase climbing cases the maximum von mises stress for static
condition did not reach to yield strength of hip prosthesis, thus
implant was safe for the static condition. Once FEA and comparison

Table 2: Mechanical Properties of Metallic Biomaterials [13,14]
Young’s
Modulus
(GPa)

Yield
Strength
(MPa)

Tensile
Strength
(MPa)

Fatigue
Limit (MPa)

SS 316 L

190

221–1,213

586–1,351

241–820

0.30

7.9

Co-Cr alloys

210-253

448–1,606

655–1,896

207–950

0.30

8.5

Ti-6Al-4V

116

710–834

765–903

620

0.32

4.4

Cortical bone

15 - 30

30 - 70

70–150

…

0.30

2.0

Material

Poisson
Ratio

Density
(g/cm3)
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Figure 3: CAD models of male implant 1.1 with profile-1 (left)
and meshing of same model (right).

Figure 4: Femoral bone and muscles consider to be acting
load. FH: represent force on femoral head, F.A: Force on
abductor muscle, and F.T: force on ilio-tibial

Figure 5: (A) Maximum Von mises stress, (B) Maximum principal stresses (C) Minimum principal stresses, and (D) Total
Deformation of Male implant 1.1 with profile 1 for normal walking activity.

Figure 6: (A) Maximum Von mises stress, (B) Maximum principal stresses (C) Minimum principal stresses, and (D) Total
Deformation of Male implant 1.1 with profile 1 for Staircase climb activity

Table 3: Load on implant for static analysis
Location on implant
where load applied

4

Total Body
Weight (KG)

Normal walking (NW)
Body Wt.
(%)

Load
(N)

Climb Staircase (CS)
Body Wt.
(%)

Load
(N)

Femoral Head

85

420

3502.2

621

5183.2

Abductor Muscles

85

150

1250.8

222

1851.1

IlioTibial Band

85

36

300.2

53

444.3
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Table 4: FEA result for normal walking activity

Table 5: FEA result for staircase climbing activity
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Figure 7: Comparison between thee profiles used for male (M) and female (F). NW-normal walking, CS staircase climbing activity

between thee profiles carried out following outcomes were
disclosed.
For both normal walking and staircase climbing cases hip implants
1.1, 1.2, 1.3, 1.4 with profile 1 were finalized for the male because
hip profile 1 had less deformation as compared to profile 2 and 3.
In case of female the implant 1.2 had less deformation with profile
3 than remaining two profiles, hence implant 1.2 was confirmed
with profile 3 and remaining implants 1.1, 1.3, 1.4 with profile 1
was confirmed for normal walking activity and for staircase climbing
activity hip implants 1.1, 1.2, 1.3, 1.4 with profile 1 was finalized.
Comparison between three hip profiles was recorded from 16 graphs,
few plots of those graphs are shown in Fig 7. All graphs are not
shown in this article, as it may seem to be the replication of similar
plots. These plots reflect the pattern of hip profile comparison.

Discussion
The stress distribution analysis using the finite element method is
widely accepted as a useful technique to evaluate the biomechanical
behaviors of orthopedic implants under a certain load condition.
Simulation of mechanical behavior of hip implants under static
load was performed. Calculated Von Mises stresses, Maximum
and Minimum stresses were significantly lower than yield stresses
of Ti-6Al-4V. A finite element study evaluated six different types
of femoral stem cross sections and showed that the stress
concentration varies according to the cross-section of the femoral
stem [19]. The cross section for the implant used in the current
study was rectangular with rounded corner. Several studies [21, 22,
23, 24] have considered different values of forces as applied to the
femoral head. There have been a lot of choices regarding the selection
of forces and their point of application. Most of these studies
have considered femur with simple loading condition with or
without abductor muscle force. In addition to this, the magnitude
of force and angle at which the force is applied is different in every
6

study. The current study considered the femur head to be loaded
with abductor muscle and iliotibial muscles force and simulated a
different force in different activities applied at 20°, similar to the
one of the angles considered by [16, 17, 18, 19].
FEA is a reliable and powerful tool for stress-strain analysis of
complex-shaped implants, like the artificial hip. The approach used
by the study might be applicable for designing new implants and
redesigning existing implants for the Indian population. The
outcome of the current study achieved proper fitment because they
were developed on the anthropometry of a respective population
and reduces the chance of revision surgery. It may reduce operating
time and achieve successful positioning in hip joint

Conclusion
It can be concluded that the application of the finite element method
(FEM) is a good alternative approach to provide preliminary results
and an overview of the mechanical properties of potential implant
models. For both activity male hip implants, 1.1, 1.2, 1.3 and 1.4
with profile 1 was ideal. For normal walking activity female implant
1.2 with profile 3 was best, and remaining implants 1.1, 1.3, 1.4
with profile 1 was confirmed and for staircase climbing activity hip
implants 1.1, 1.2, 1.3, 1.4 with profile 1 was finalized.
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