
 

 

 

Abstract— Hip joint plays very important role in human beings as it 
takes up the whole body forces generated due to various activities. 
These loads are repetitive and fluctuating depending on the activities 
such as standing, sitting, jogging, stair casing, climbing etc, which 
may leads to failure of Hip joint. Hip joint modification and 
replacement are common in old aged persons as well as younger 
persons. In this research study static and Fatigue analysis of Hip joint 
model was carried out using finite element software ANSYS. Stress 
distribution obtained from result of static analysis, material properties 
and S-N curve data of fabricated Ultra High molecular weight 
polyethylene / 50 wt% short E glass fibres + 40 wt% TiO2 Polymer 
matrix composites specimens were used to estimate fatigue life of 
Hip joint using stiffness Degradation model for polymer matrix 
composites. The stress distribution obtained from static analysis was 
found to be within the acceptable range. And the factor of safety 
calculated from linear Palmgren linear damage rule is less than one, 
which indicates the component is safe under the design. 
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I. INTRODUCTION 

 TOTAL hip replacement (THR), is a surgical procedure 

in which the diseased parts of the joint are replaced and 
removed with new artificial material, which is known as 
prosthesis. Now a day’s stainless steel, Titanium alloy, cobalt 
chromium alloy and other biocompatible alloys and composite 
materials are used for preparing the prosthesis. Both metal 
matrix and fibre reinforced composite materials have been in 
use these days due to their more durability, less weight and 
better biocompatibility. Loads acts on Hip joint due to 
different activities of human being like Fast Walking, 
Standing Up and down, Stair Climbing, Jumping etc, results in 
aseptic loosening of Hip joint due to cyclic variation of loads, 
which leads to damage of hip joint and Finally the Fracture 
[1]. Also Fracture of the Hip joint will occur due to the 
process of wear, corrosion and environmental stress cracking, 
which occurs as a result of shear stress distribution at the ball 
and socket interface at the proximal or distal end of the 
prosthesis [3]. Since detoriation of metal alloys with 
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surrounding bone leads to stress shielding and loosening of 
implant in patients and hence results in Osteoporosis disease, 
which in turn reduces the life of the metallic implant material 
[7]. Also most of the scholars used finite element analysis as a 
tool to simulate and study the behavior of fatigue damage of 
hip joint under different static loads [14]. Analysis of Hip joint 
model was carried out most of authors using experimentation 
techniques and Finite element software is as follows. S. H. 
Teoh et al [1] stated that major problem associated with failure 
of medical devices is due to fatigue fracture and wear. In the 
research work carried by author, gave the overview of fatigue 
fracture problem associated with metallic, polymer and 
ceramics. Fatigue of biomaterials arises due to adverse effect 
of host tissue response to wear debris particles. Bergmann et al 
[2] analyzed the hip contact forces for different activities of 
the human being using experimental method. M. Sivasankar et 
al [3] studied the fatigue life of hip prosthesis due to different 
activities like slow waling, fast walking, normal walking, 
sitting and standing. Stress analysis for Hip prosthesis was 
carried out using 3D finite element analysis. Fatigue analysis 
was carried out using Weibull distribution and residual 
strength degradation model and concludes that Ti-6Al-4v alloy 
is the best material for hip joint prosthesis applications. Joy H 
Jone et al [4] In the research work they considered the three 
dimensional failed prosthesis model develop using ANSYS 10 
which utilize rain flow cycle counting method ,which is used 
to convert irregular load cycle history in to block of constant 
amplitude cycles. Forces applied to the prosthesis develop 
dynamic stresses which in turn results in fatigue failure of the 
prosthesis design. Sandra A beg et al [5] they carried out their 
research on numerical analysis of hip prosthesis by 
considering Charnley prosthesis model made of stainless steel 
316l as the material of choice for hip joint prosthesis. Ravi 
Kumar et al [6] since articulating surface of hip joint and knee 
joint are subject to wear, ultra high molecular weights 
polyethylene is used frequently as a bearing couple element. 
Since the intrinsic mechanical path change in articular 
cartilage depends on intensity of local stresses, instead of joint 
loading conditions and abnormal mechanical stress acted on 
hip joint results in osteoarthritis disease as narrated by Xi Shi 
Wan G et al [7]. They conclude that peak stresses ranges from 
minimum to maximum for the human routine activities are 
between 5.31 Mpa and 11.89Mpa. These stresses are the main 
causes for the human hip degeneration. 
From the literature survey, it is observed that most of the 
research is carried with respect to biocompatible materials 
using Stainless Steel 316L, Ti-6Al-4v alloy and Co-Cr alloy as 
the material of choice for Hip joint prosthesis. Different 
failure theories are predicted to estimate the failure 
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mechanism of the hip joint implant materials and to increase 
the life of the implant materials by considering different 
aspects of design and reaction of biomaterials in the 
aggressive body environment. Hence in this study static and 
fatigue analysis of Hip joint is carried out by considering 
properties of fabricated biocompatible polymer matrix 
composite specimens as the material of choice for hip joint 
prosthesis applications. 
 

II. EXPERIMENTAL DETAILS 

A. Finite Element Modeling of Hip Joint 

The Figure.1 represent Hip joint model developed using 
CATIA solid modeling package. Both the stem, cap and femur 
bone are separately built and assembled using Catia assembly 
options. Standardized Human femur anthropometry data based 
on experimental results as suggested Taner Ziylan [11] is 
considered to developed Hip joint model. Also optimized 
design variables parameters were considered to build the 
model as reported by M Sivasankar [3]. The dimensions of the 
hip joint model are as follows, the radius of femoral head is of 
diameter 27mm, the inclination of neck is about 450, stem 
outer radius of 9.93mm, stem inner radius of 8.04mm, and 
neck length of 50.97mm, length of stem is 172.25 mm, and the 
stem shape is in the form of truncated cone with tapered cross 
section, was designed to reduce the stress distribution, Aspetic 
loosening of hip joint prosthesis material and to increase the 
stability and fatigue life of component. The stem component is 
altogether assembled in cortical bone as shown in   Fig. 2b. 
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   Fig. 2. The structure is Tetra 
meshed due to complicated geometry with internal Cancellous 
and cortical bones. 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. Conta171, Conta172 and 
conta175 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 surfaces. Also 
model is developed using sharp smooth curved surfaces to 
reduce stress concentration effect and to increase the fatigue 
life [67], [36]. 

 
 

Fig.1 CATIA modeling of assembled Hip Joint 

 
 
(a)  Meshed view                   (b) Section meshed view  
      of Hip joint                              showing the stem 

Fig. 2 Meshed view of Hip Joint Model 

B. Material Properties 

Most of the research is based on use of metallic biomaterials 
as a material of choice for artificial hip joint stem, which 
results in stress shielding affect due to mismatch in properties 
of cortical bone and prosthesis materials [18][20]. Hence in 
this research study, material properties of newly fabricated 
polymer matrix composite material are used to carry out the 
analysis of hip joint model. Ultra High molecular weight 
polyethylene (UHMWPE) / 40wt% of TiO2 ceramic particles 
of 0.22 µm size + 50 wt% of short E-glass fibers were blended 
using co rotating intermeshing Twin Extruder Injection 
molding Machine using UHMWPE as the matrix material. To 
study the behavior of the Hip joint model Cancellous bone and 
cortical bone are assigned with different material properties as 
shown in the Table.1.  
 

TABLE I 
 MATERIAL PROPERTIES 

Material 

Modulus 
o f 

Elasticity 
(Mpa) 

Poison’s 
ratio 

Yield 
stress(Mpa) 

Cancellous 
Bone 

600 0.2 15 

Cortical 
Bone 

15000 0.3 210 

UHMWPE/ 
TiO2 
Polymer 
composite 

7500 0.4 35.6 

Cap 7500 0.3 35.6 

 

C.  LOADING CONDITIONS 

Static analysis is carried out using finite element software 
ANSYS version 11. The boundary conditions applied in this 
work are, a normal right hip in one leg standing position, 
supporting the whole body weight was considered. The loads 
were determined from experimental observations of G-
Bergmann et al [8], considering an average patient weight of 
70 Kg. All the nodes located at the bottom were fixed as 
shown in Fig. 3. The hip is subjected to a vertical load of 
1304N, 1270N, 431.9N and 1473N during Fast Walking, 
Normal Walking, knee Bending and downs stair respectively. 
An abductor muscle force of 1937 N at an angle of 200 to the 



 

 

proximal area of greater trochanter is considered. These loads 
act on hip joint in terms of percentage of body weights. 

 

 
Fig.3 Boundary Conditions applied to the model 

 

III. STATIC ANALYSIS RESULTS 

Static analysis is done in order to understand the fatigue 
locations in the hip joint. For optimized safety design of the 
Hip joint it is necessary that von misses stress distribution 
obtained from static analysis must be lower than the endurance 
limit of stem material to avoid fracture due to fatigue. The von 
misses stresses obtained from analysis are lower than the yield 
stress of prosthesis material. The results of static analysis 
shows maximum stresses are concentrated on the Neck portion 
of hip joint compared to the bottom of Femur. Fig. 4, Fig. 5, 
Fig. 6 & Fig.7 represents overall von misses stress distribution 
for the load case of 1304N, 1270N, 431.9N and 1473 N 
respectively [2]. Maximum von misses stress distribution of 
40.045 Mpa was obtained for the downstairs activity of a 
human being. The different contours represent variation of 
stress in the structure. The von misses stress distributions 
obtained from static analysis are below the ultimate tensile 
strength of prosthesis material.  

 
Fig. 4 Von misses Stress Distribution for load case of 1304 N 

The above Fig. 4 represents variation of von misses stress 
distribution along the hip joint surface. The maximum stress 
distribution of 45.485 Mpa and displacement of 1.611 mm is 
obtained. Maximum stresses are observed along the neck 

portion and stresses are reduced along the distal end. 

 
Fig. 5 Von misses stress for the load case of 1270 N 

 
Fig.5 indicates stress distribution for normal walking 
condition. Maximum stress distribution of 30.323 Mpa and 
displacement of 1.074 mm is observed. 

 
Fig. 6 Von misses stress for the load case of 431.9 N 

 
Fig. 6 represents variation of stress distribution for knee 
bending activity of a person. A maximum von misses stresses 
of 21.463 Mpa and displacement of 0.687 mm is obtained. 
Maximum stresses are observed just below the neck portion 
and compressive stresses along medial direction of the hip 
joint model 

 
Fig.7 Von misses stress for the load case of 1473 N 



 

 

The above Fig.7 indicates distribution of von misses stresses 
along the hip joint surface. The maximum stress distribution 
of 40.054 Mpa and displacement of 1.103 mm is obtained. 
Maximum stresses are observed along the neck portion. A 
Zafer Senalp et al [16] evaluate fatigue behaviour of newly 
designed stem shape using Good man, Soderberg and Gerber 
criteria of stress life approach based on von misses stress 
distributions obtained from static analysis results. 

 

IV. FATIGUE ANALYSIS OF FABRICATED COMPOSITE 

SPECIMEN 

Fatigue analysis consists of analysis of loads subjected to hip 
joint due to various activities. A cyclic fatigue loading 
machine with 100.095 KN capacities, and a strain range of 
12.57617 mm range, is utilized to conduct fatigue test for the 
fabricated composite material specimens of Ultra high 
molecular weight polyethylene / 50 wt% short E glass fibres + 
40 wt% TiO2 as per ASTM standards D3039 [19]. The 
experiment is performed on samples with a frequency of 20 
Hz. The endurance limit obtained from S-N curve data is 
20.02 Mpa. Fig. 8 represents S-N curve obtained from sample 
after fatigue test and Fig. 9 represents fracture morphology of 
specimen after fatigue testing.  
 

 
Fig. 8 S-N curve data for UHMWPE / 50 wt% short E glass 

fibres + 40 wt% TiO2 
 

 
Fig.9 Photograph fractured surface for UHMWPE / 50 wt% 

short E glass fibers + 40wt % TiO2 of fatigue tested specimen. 

Plastic deformation and necking was not observed on fatigue 
specimens during testing. The shearing zone of specimen is 
full of fibrous fracture face and shearing edges, indication 
propagation of crack and fractured at multiple locations due to 
cyclic variation of load .Different regions on the fractured 
surface experience different stresses, which results in different 
fracture morphology within the specimens.  Also it reveals 
that fracture is due to brittle failure, which includes micro 
crack initiation, propagation and fast failure process. The S-N 
curve data obtained from fatigue test is used to calculate 
fatigue life of hip joint model. 

V. FATIGUE ANALYSIS OF HIP JOINT MODEL 

Fatigue life of hip joint model is evaluated using the von 
misses stress distribution obtained from static analysis results. 
A Stiffness degradation approach for composite material is 
used to estimate number of cycles to failure of hip joint model. 
Von misses stress distributions obtained from static analysis 
results are used to identify critical locations in the hip joint 
model. Maximum and minimum stresses are used to calculate 
mean and amplitude stresses.  
The equation used to determine fatigue life of composite 
specimen under bending fatigue loading condition with 
degradation of stiffness is given by the equation [17]. 
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Where  
��  = Number of cycles to failure 
 �� = is the initial stiffness of the material. 
s = Maximum applied stress from static analysis results. 
K= Constant depends on change in stiffness of the material. 
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�/��= Normalized stiffness after the first cycle = 0.918 
calculated during fatigue experiment  
m   =   Normalized stiffness at failure = 0.029  
The number of cycles to failure is obtained by using von 
misses stress distribution obtained from the result of static 
analysis for different activities of human being.  

   
TABLE 2  

NUMBERS OF CYCLES TO FAILURE FROM     STIFFNESS 

DEGRADATION MODEL 

NO 
Activities 
of Human 

Being 

Load 
(N) 

Max. 
Von 

misses 
stresses 
(Mpa) 

No of 
Cycles to 

failure 

1 
Fast 
Walking 

1304 30.323 
2.11819 x 

107 

2 
Normal 
Walking 

1270 26.815 
27.0866 x 

106 

3 
Knee 
bending 

431.9 17.816 
61.35621 

x 106 

4 
Slow 
Walking 

1473 40.054 
12.1574 x 

106 



 

 

 
The fatigue life of model is calculated by using Palmgren 
Linear Damage Rule. Which states that failure is predicted 

when the sum of ratio becomes either 1 or 100%å �
�

�
� ≥ 1 .  

It is assumed that cycle-1 occur once, cycle-2 occur twice, 
cycle-3 occur thrice, etc. 
 
The factor of safety obtained is more than one, which indicate 
component is safe under the design. The estimated value of 
life of component obtained is 1.6187 x 104 cycles. 
 

VI. CONCLUSION 

Conventional biomaterials exhibits stress shielding effect due 
to mismatch in young’s modulus of bone and prosthesis 
material. In this research study Ultra High molecular weight 
polyethylene / TiO2 Polymer matrix composites is successfully 
fabricated to consider as a prosthesis material for Hip 
replacement applications. Material properties of fabricated 
composites specimen were used to carry out static and fatigue 
analysis of Hip joint model using finite element method. Von 
misses stress distribution obtained from static analysis results 
are used to calculate fatigue life of Hip joint model using 
stress life approach. Stress distribution obtained from static 
analysis results are within the acceptable range. And the factor 
of safety calculated from linear Palmgren linear damage rule is 
less than one, which indicates the component is safe under the 
design. It is concluded that Hip joint design investigated in 
this research are safe against fatigue failure.  
 
 

VII. REFERENCES 

[1]. S.H Toeh, “Fatigue of Biomaterial, a review”, International Journal of 
Fatigue Vol 22, 825-837, (2000). 

[2]. G. Bergmann, G. Deuretzbacher, M. Heller, F. Graichen, A. Rohlmann, 
J. Strauss, G. N.Duda,  “Hip contact forces and gait patterns from 
routine activities”, Journal of Biomechanics 34, 859-871, (2001). 

[3]. M.Sivasankar, S.K.Dwivedy, D.Chakraborty “Fatigue analysis of 
artificial hip joint for different activities”, Article, Indian institute of 
Guwahati, (2002). 

[4]. Joy H Jone, B.Anil “Fatigue analysis of Endoskeleton prosthesis using 
FEA”, Article (2007). 

[5]. Sandra A begg,et al “Neumerical Analysis of Hip Prosthesis under 
cyclic loading”, Proceding of COLAOB, 6th Latin American congress of 
Artificial Organs and Biomaterials, (2007). 

[6]. Ravikumar Varadarajan, et al “Compliance calibration for fatigue crack 
propagation testing of ultra high molecular weight polyethylene”, 
Journal of Biomaterial Vol 27, 4693-4697, (2006). 

[7]. Xi SHi Wan G, et al “The hip stress level analysis for human routine 
activities”, Journal of Biomedical engineering-Applications basis and 
communications, Vol 17, 153-158 (2005). 

[8]. Oguz Kayabasi et al “The effect of static, dynamic and fatigue behavior 
on three dimensional shape optimization of hip prosthesis by finite 
element method”, Journal of Material and Design, (2006). 

[9]. Ramesh V Marrey et al “Fatigue and life prediction for cobalt-chromium 
stents: A fracture mechanics analysis”, Journal of Biomaterial Vol 27, 
1988-2000, (2006). 

[10]. Michael R et al “The use of ceramics as Bone Substitutes in Revision 
Hip Anthroplasty” journal of materials,   Vol 2, 1895-1907, (2009). 

[11]. Taner Ziylan et al “An Analysis of Anatolian Human Femur 
Anthropometry” Journal of Turk J Medical Science Vol 32, 231-235, 
(2002). 

[12]. Aritcle“Combined Fatigue loading by James Watson 
http://www.webpages.uidaho.edu/mindworks/Machine_Design/Post
ers/PDF/Combined%20Fatigue%20Loading.pdf 

[13]. A Text book on “Metal Fatigue in Engineering”, Second Edition, by 
Ralph I Stephan, Ali Fataemi, University of Toledo. 

[14]. Abhijit.R et al “Finite Element Analysis of Modified Hip Prosthesis”, 
International Journal of Advanced Biotechnology and Research, Vol 2, 
278-285, June (2011). 

[15]. Mahmut Pekedis et al “Comparison of fatigue behavior of eight 
different hip stems: a numerical and experimental study”, Journal of 
Biomedical and Engineering, 4, 643-650, (2011). 

[16]. A.Zafer Senalp et al: Static, dynamic and fatigue behavior of newly 
designed stem shapes for hip prosthesis using finite element analysis”, 
Journal of Materials and Design, Vol 28 1577-1583, (2007). 

[17]. Daniela Popes cu “A model for damage prediction in polymer matrix 
composites subjected to bending fatigue loading”, Proceeding of 
Romanian Academy,Series A, Vol 8,  2 (2007). 

[18]. S. Ramakrishna et al “Biomedical applications of polymer – composite 
materials: a review” journal of Composites Science and Technology 61, 
1189-1224 (2001). 

[19]. Hand Book of American Society for Testing and Materials, Standard 
Test Method for Tensile Properties of Polymer Matrix Composite 
Materials, ASTM D3039, Annual Book of ASTM Standards, Vol. 15.03, 
(2003).   

[20]. A Text book on “Bio compatible Polymers composites for tissue 
replacement”, by Min Wyang, Hong Kong. 

http://www.webpages.uidaho.edu/mindworks/Machine_Design/Posters/PDF/Combined Fatigue Loading.pdf
http://www.webpages.uidaho.edu/mindworks/Machine_Design/Posters/PDF/Combined Fatigue Loading.pdf

	A. Finite Element Modeling of Hip Joint
	B. Material Properties
	C.  Loading Conditions
	III. STATIC ANALYSIS RESULTS
	IV. FATIGUE ANALYSIS OF FABRICATED COMPOSITE SPECIMEN
	V. FATIGUE ANALYSIS OF HIP JOINT MODEL
	VI. CONCLUSION
	VII. REFERENCES



