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Abstract— The hip joint is unique anatomically and physiologically, so a lot of problems may appear
through its structure lead to damage. In order to analyze the Hip joint it is very important to
analyses the different Stress, Strain and deformation on the joint. In this research work analyzing
the deformation on the hip joint at different frequency during the normal load condition and
calculate the different Stress on the joint. This work also analyzes the three-dimensional ball and
socket hip Joint under normal contact pressure and different frequencies and results have been
observed and optimize it. It is suggest that occupational therapists and patients with hip resurfacing
arthroplasty should be aware of high metal-on-metal friction situations, which could lead to early
failure indicated by result of this research. The deleterious effect of resting periods indicated by this
research could be alleviated by appropriate re-initiation of synovial lubrication by movement prior
to full loading.
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I. INTRODUCTION

In 2000, the market for medical devices including implantable prostheses worldwide was over 300
billion dollars, which take approximately 8% of the global health care Outgoing, which serves to
reach more than 20 million patients [21].

Hip Replacement (THR) is a procedure that is performed surgically, and these procedures can be
performed as a total replacement or a Hemi Replacement (replacing half of the hip joint) (THR). The
hip joint compared to other joints in the body is the most stable joint, but bodyweight may also lead to
developing arthritis because of the extra pressure [13]. All medical components such as orthopedic
implants and fractures which has no exception against failure, also the most design problems to prevent
failures in these cases are complicated because it expected to operate for a long time, so the
responsibility lies on the designer, because of relative values of pressures and high strains, that may
occur from the components, also from the complex responses of the human body.

The hip joint is one of the human important components that support the body which connects the
femur with the pelvis. The hip joint frequently is subjected to high daily pressure from upper body
weight. It is known that the hip joint can withstands up to 4 times of human body weight [1]. With
increasing age, these pressures can reduce and endanger its function. Osteoarthritis is one of the most
common deteriorations in hip function where a condition may cause severe pain due to joint stiffness.
For treating this pain, the hip prosthesis has been proposed for an artificial component designed to
perform the same function as a natural pelvic joint and which could be implanted surgically. This
surgical operation is referred to as Total Hip Arthroplasty. Materials that have been widely used for
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hip joint prosthesis can be divided into several coupling materials, namely metal to metal, ceramic to
ceramic, polymer to ceramic, and metal to polymer on artificial femoral heads and ace tabular inserts.
Here the main limitation of the life of artificial hip joints is influenced by tribological aspects.

The ball and socket joint (or spheroidal joint) is a type of synovial joint in which the ball-shaped
surface of one rounded bone fits into the cup-like depression of another bone. The distal bone is
capable of motion around an indefinite number of axes, which have one common center.

Artificial hip joint Na'rnﬂ

Figure 1.1 Artificial and Natural hip joint

The numerical study using finite element analysis can be used to analyze the hip joint prosthesis stress.
ASTM F2996-13 is one of the references to do the analysis. The ASTM F2996-13 is refer to ISO 7206-
4 for the hip joint geometry limitation [16]. This analysis can be solved using ANSY'S Static Structural
software which is already done by the previous studies for the different cross-sectional areas of the hip
prosthesis [16]. In this study, the designs of the hip joint prosthesis from different manufacturers were
compared for their mass, stress, and safety factor. There are three different designed products from
different manufacturers used for static structural approach in ANSYS, which are UNDIP, A, and V hip
joint prosthesis. The ASTM F2996-13 is selected for the reference to this study with Stainless steel
AISI 316L and Titanium alloy Ti6Al4V materials variation.

The rest of paper is organized as follows: In section Il we review the work related Hip joint design. In
section IIT we describe the finding of the study. IV conclude this paper.

II. LITERATURE SURVEY

In recent years, due to unhealthy habit, life styles and other reasons there has been a need for
devices/medical support equipments that assist the elderly with and encourage independent walking.
The hip joint is a ball and socket synovial joint, formed by an articulation between the pelvic
acetabulum and the head of the femur. It forms a connection from the lower limb to the pelvic girdle,
and thus is designed for stability and weight-bearing — rather than a large range of movement. Many
researchers have work on different design of hip joint. here reviewed the different design of hip joint.

In this work [14] software modelling design and analysis of artificial hip joint to highlight and study
the characteristics of the biomaterials that commonly used to design a hip joint based on the stress,
strain, and displacement distribution. In this work, the behaviour of (Ti-6-Al4V, Al203, and Cr-Co-
Mo alloys) have been studied based on the stress, strain, and displacement and the results appeared
that the use of A1203 as a material of femoral head that presents higher stress values compared to use
Cr-Co-Mo alloy. However, in the case of strain and displacement A1203 appears results to better than
Cr-Co-Mo alloy. Overall, the final results that conducted through this study and analysis of the
artificial hip joint model were acceptable compared to the known followed standards in the hip joint
design process.
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This work [15] proposed designs of a 2-DOFs and 3-DOFs hip joint designs for an exoskeleton robot.
Together with bench marking of 1-DOF hip joint designs for exoskeleton robots that are freely
downloadable online. These designs were tested based on the human lower-limb motion of hip
abduction and adduction, hip flexion and extension, and circumduction. The alpha and beta designs
downloaded online were studied by subjecting them to stress conditions. Both existing designs models
with the 1-DOF hip joint showed flaws in terms of full functionality and comfort, as they failed to
provide vital degrees of freedom vital in simple gait [15]. The designs were not adaptive to human
walking patterns and lacked the comfort that all volunteer users hoped for. Thus, this qualifies these
designs as non-eligible.

The main objective of this work [16] is to compare stress analysis results of the previously produced
UNDIP hip joint prosthesis with those of the other hip joint prosthesis from the different
manufacturers using the computational finite element method (ANSYS Static Structural software).
The computational analysis refers to ISO 7206-4 and ASTM F2996-13 to calculate the stress and
safety factor from the products. The materials used in the simulation were Stainless Steel AISI 316L
and Titanium Alloy Ti6Al4V. The results of this work is showing that the lightest was obtained for
the UNDIP prosthesis, followed by A and V prosthesis respectively. For 316L material, the only safe
hip joint prosthesis could be A product, which was the only prosthesis with safety factor more than 1.
Conversely, for Ti6Al4 material, the UNDIP product might be the best hip prosthesis because of its
lightweight with the acceptable safety factor.

In this study [17], author proposed a method to determine the assist timing for wire type assist suit. In
this method, since the assist timing is determined based on the hip joint angular acceleration by the
IMU sensor, the assist can be performed at the optimal timing for each user. As a result of the
experiment that in some trials, the maximum hip extension torque were reduced compared to normal
walking can be observed. That is the effectiveness of this method can be expected. [17]

The main purpose of this study [18] was to verify a hypothesis that only the magnitude of sensory
noise and stiffness can reproducibly determine trends in the hip or ankle movement strategies.
Simulations of postural control of a musculoskeletal model for three noise conditions and three
stiffness conditions were performed. Variations in the angles of the hip and ankle suggested that the
sensory noise amplitude had no influence on the selection. However, the ankle strategy tended to be
selected with the increase of stiffness. Strategy shifts of elderly may be derived from other
components; muscle weakness, increase of neurological time delay, or learning based on other
evaluation index.

Author [19] found the temporal mean of virtual interference to be significantly different in almost
every region between the hip conditions. The significance was most distinct when using the static
spherical method of COR. These results are promising to individual clinical assessments of hip
pathologies using static radiographs and ultimately work towards preventing premature hip disease.

This work [20] reports the estimation of hip joint visco elasticity during voluntary force control using
a novel device that applies leg displacement without constraining the hip joint. The influence of hip
angle, applied limb force and perturbation direction on the stiffness and viscosity values was studied
in ten subjects. No difference was detected in the hip joint stiffness between the dominant and non-
dominant legs, but a small dependency was observed on the perturbation direction. Both hip stiffness
and viscosity increased monotonically with the applied force magnitude, with posture being observed
to have a slight influence. These results are in line with previous measurements carried out on upper
limbs, and can be used as a baseline for lower limb movement simulation and further acromechanical
investigations.

The objectives of this work are as follow as: Develop the Finite element model of the hip joint.
Analyzing the deformation on the hip joint at different frequency during the normal load condition,
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calculate the different Stress on the joint. Study and Analysis of Three-Dimensional ball and socket
hip Joint under normal contact pressure and different frequencies and results have been observed and
optimize it. Optimize the different stress conditions.

[II. PROPOSED WORK

The ability to obtain a 3-D model of a hip joint was generated in CATIA V5R16 software as IGES
and STP format. IGES is mostly used format unfortunately was not successful for this paper, as a
result STP format is used in exchange. Therefore, the models generated from scratch in CATIA were
exported to ANSYS workbench for further “Finite element analysis”. The modeling process
occurred in four distinct phases. These phases enhance the ANSYS software enabled a smooth
transition between each step analysis.

Development of Solid model of Hip Joint

Development of baseline 3-D hip joint implant model in CATIA. This section also enlists the
parameters used to design component. A final step to these procedures includes preparation of the
developed models to import them into ANSYS 16.0. Finite element modeling of Hip Joint, The Figure
3.1 represent Hip joint model developed using CATIA modeling package. The stem, cap and femur
are separately built and assembled using CATIA assembly options. Standardized data based on
experimental results as suggested is considered to developed Hip joint model.
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Figure 3.1: Solid Model
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Figure 3.2: Showing the Import Geometry in the ANSYS

Material Properties for the Hip Joint

Two different materials are used in the present finite element simulation: Cobalt Chromium (Co Cr
Mo) alloys fall under two main categories: cast alloys (ISO 5832- 4) and wrought alloys (ISO 5832-
12). Cast Co-Cr-Mo exhibits elevated mechanical properties and optimal corrosion resistance under
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friction condition. Its main drawbacks are related to their poor fatigue resistance and their high cost.
Wrought Co-Cr-Mo is even more expensive than cast material, but the higher cost can be justified by
the enhanced corrosion and fatigue resistance. In the presence study wrought alloy is used to simulate
a prosthetic metallic head material due to their high strength and sufficient biocompatibility in clinical
conditions.

Table 3.1: Material Property of Co-Cr-Mo and Ti6Al4V

Cobalt-
. Titanium
Material Chromium
Properties - Alloy
Molybdenu | (TI6A4V)
m Alloy
(Co-Cr-
Mo)
Young’s 230 1
Modulus (Gpa) 1
4
Tensile 530 8
Strength (Mpa) 5
0
Ultimate 890 9
Tensile 6
Strength (Mpa) 0
Density 8300 442
(Kg/m®) 0
Expansion 13.6x10-6 9x10
(m/m.co) 6
Poisson ratio 0.3 0
3
5

Meshing

The model is exported to hyper mesh for meshing in step- file format and meshed using solid meshing
options. The meshed view of the modeled is shown in Figure 3.3. The structure is Tetra meshed due to
complicated geometry with internal Cancellous and cortical bones type geometries. Solid 45 is a 4
nodded element with three degree of freedom at each node. Contact Elements TARGE169 is used to
represent various 2-D "target" surfaces for the associated contact elements. Contal71, Contal72 and
contal75 are used to represent various 3-D solid elements. Contact of elements takes place when
surface element penetrates the target segment element. Contact condition of completely bonded type
is selected for contact.
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Figure 3.3: Showing the Mesh

Finite Element Analysis

Finite Element Analysis (FEA) or Finite Element Method (FEM) is a relatively new method for
solving complex engineering and mathematical problems. Since the 1940s, this method has evolved
into the method of choice for computational analysis. In the early years, the finite element method
was limited to the manpower available to solve large matrices. However, as technology has evolved
FEM has evolved into a computational jug naught. This process is now only limited by the
capabilities of the available hardware to solve matrices that can go out to machine epsilon. FEM is a
part of many engineering applications such as structural mechanics, heat transfer, fluid flow,
electromagnetic, blade design in orthopedic design for implants and prosthetics. It has become a key
part of the design and refinement processes in engineering.

e

Figure 3.4 Static Force Applications on Head

The load applied at the nodes was automatically transferred from nodes and elements. Nodes at the
neck area were coupled using no separation contact with tapered press fit to move at one direction and
achieve the similar pattern of motion with a neck inserted into a femur head. The nodes of the outer
surface of the neck were fixed with structural fixed support constraint; which resisted the head motion
within certain range without allowing femoral component to swing in the space.

Static analysis used in this study was time rate independent; which simply considered time duration as
a load step counter and recognized the load steps and load sub steps. The load step is a set of loads
applied in the given time duration and load sub steps defines the time steps within a complete load
step at which the solutions were calculated for final display of results.
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Table: 3.2 Load measurements on Hip Joint

Load on Experimental
Activity the hip Force
joint
™)
(% of body
weight)
Single- 300% - 3600
legged 350%
stance
Walking 360% - 3900
400%
Stumbling 800% 11,000
(peak value)
Walking 300% 4200
upstairs
Walking 500% 4200
downstairs
Standing 300% 2900
up(supine)
Sitting down 250% 2400

IV. RESULT ANALYSIS

It is well comprehended that contact pressure in the hip joint is closely related to the three
dimensional coverage of the socket of the hip bone, and the mechanical stress inside the cartilage
increases as contact pressure rises. Finite Element Analysis (FEA) or Finite Element Method (FEM) is
a relatively new method for solving complex engineering and mathematical problems. Since the 1940s,
this method has evolved into the method of choice for computational analysis. In the early years, the
finite element method was limited to the manpower available to solve large matrices. However, as
technology has evolved FEM has evolved into a computational jug naught. This process is now only
limited by the capabilities of the available hardware to solve matrices that can go out to machine
epsilon. FEM is a part of many engineering applications such as structural mechanics, heat transfer,
fluid flow, electromagnetic, blade design in orthopaedic design for implants and prosthetics. It has
become a key part of the design and refinement processes in engineering.

Table 4.1: Showing the Deformation at the joint under different frequency at normal pressure

S.N | Freque | Minimum | Maxim | Mean
ncy Deformati um deform
(Hz) on at the deform | ation at
ation at the
the
joint (m) joint joint
(m) (m)
40
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1 18790 0.59772 5.3796 4.185

2 22158 0.5619 5.3265 | 4.1427
3 18449 0.59135 5.3223 | 4.1393
4 50648 0.67398 6.0659 | 3.3702

After analyzing the hip join at different frequencies under normal pressure condition it is shown that
at 50647 Hz the deformation over the hip joint is mean while less as compared to the other frequencies
during normal pressure condition. Therefore 50647 Hz was the best frequency during the normal
pressure condition in order to increase the life of the joint.
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Figure 4.1: Showing the values of strain energy at normal pressure
V. CONCLUSION

In this work analyze the hip join at different frequencies under normal pressure condition it is
shown that at 50648 Hz the deformation over the hip joint is mean while less as compared to the other
frequencies during normal pressure condition. Therefore 50648 Hz was the best frequency during the
normal pressure condition in order to increase the life of the joint. A reliable methodology to assess hip
fracture risk in individuals is crucially important for preventing hip fracture and initiating a repair
work. The purpose of this study is to propose a more effective hip failure risk index that is based on the
strain energy failure criterion, and it is able to better describe joint failure mechanism. The proposed
failure risk index can predict not only the failure risk level, but also the potential failure location. The
results of this study showed that there is a very low hip failure risk at optimum frequency and at
optimum stress, while, during the, there is a high failure risk at the femoral neck and the
intertrochanteric region, compared to the sub trochanteric region. In the future it can also analyze the
effect of different pressure on the joint at same frequency and residual stress remain in the joint can
also be find out with the help of FEM.
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