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Although several years of research and experiment are dedicated to Total Hip 

Replacement (THR) of the conventional implant, there is yet no reliable answer 

for those patients who are very active and young. In this study, a modelling of 

the bone around two different types of implant has been carried out. Currently 

proposed design studied here, is the generic concept of stemless implant. The 

stemless implant reconstruction was compared to the conventional implant and 

also to the intact bone as control solution. A modelling approach with Finite 

Element (FE) method was adopted. A model of femur was developed and 

element optimisation was carried out to find the best mesh refinement. 

The models were divided into two regions from proximal head to 40 mm 

distance toward distal end (R1) and 40 mm distance from proximal head toward 

the distal end (R2). For two different loading conditions of bending and torsion, 

the models were solved by ANSYS software. The results were compared with 

those of the experimental literature for validation. 
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The results of th is study showed that the stemless implant had less deviation 

from the control solution of the bone in a l l  reg ions and in both loading 

cond itions, comparing to the large deviation of the stemmed implant from the 

intact bone. 

The stemless implant showed perfect fit to the control solution in  R2 region 

except for the 14 mm highest part of this reg ion where the stemless implant 

showed strain reduction in the interface of the bone and the implant. This region 

was sub-trochanter and was concluded to practically be the weak point of this 

type of implant. Meanwhi le, the stemless implant type had sign ificant changes 

in stress and strain d istribution in  R1 reg ion.  This region was the implant region 

itself and it was concluded that a great amount of care must be taken for this 

region when designing such an implant. 

The results of this study ind icated that the stemless type of implant could 

become a suitable alternative fo r conventional type of implant in hemi­

arthroplasties. However, the fixation of this type of implant and its effect on sub­

trochanter region must be considered for designing the final product. More 

comprehensive numerical investigations on specific designs, with more loading 

cond itions and contact algorithms inclusion, could be of major benefit to 

improve the fi nal outcome of the design process. 
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Walaupun bertahun-tahun penyelidikan dan ujikaji telah dijalankan terhadap 

Total Hip Replacement (THR) secara konvensional implan, tetapi masih belum 

ada penyelesaian untuk pesakit yang muda dan sangat aktif. Oi dalam kajian 

ini, permodelan dua jenis tulang sekitar telah dijalankan. Cadangan kajian 

rekabentuk yang dibentangkan adalah konsep generik terhadap "stemless 

implant" serta pembinaan semula "stemless implant" dibandingkan dengan 

implan konvensional dan juga dengan tulang keadaan sempurna sebagai 

penyelesaian kawalan. Satu pendekatan permodelan secara unsur terhinggi 

(FE) telah diterima. Satu model femur dan optimasasi elemen telah dijalankan 

untuk mencari jaringan perbaikan (mesh refinement) yang terbaik. 

Model tersebut dibahagikan kepada dua bahagian; dari "proximal head" 40 mm 

ke "distal end" (R1) dan bahagian kedua ialah 40mm dari "proximal head" ke 

"distal end" (R2). Untuk dua jenis keadaan bebanan iaitu lenturan (bending) dan 

putaran (torsion), model tersebut di selesaikan dengan perisian ANSYS. 

Keputusan telah dibandingkan dengan ujikaji maklumat sebagai pengesahan. 
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Keputusan kaj ian  i n i  menunjukkan " stemless implant" mempunya i s isihan yang 

lebih kurang dari penyelesaian kawalan terhadap tulang dalam semua bahagian 

daripada ked ua-dua keadaan beban berband ing dengan s isihan yang lebih 

besar pada " stemmed implant" dari tulang sempuma. 

"Stemless i mplant" menunj ukkan penyesuaian yang sempuma terhadap 

penye lesaian kawalan dalam bahagian R2 kecua l i  pada 1 4mm bahag ian 

tert inggi dimana stemless impla nt menunj ukkan pengurangan teri kan pada 

persemukaan terhadap tulang da n implan.  Sementara itu, "stemless implant" 

mempunya i perubahan ynag ketara dalam taburan tegasan dan terikan dalam 

bahagian R1.  Kawasan in i  ada lah bahagian implan tersendiri yang d imasukkan,  

maka te l it ian yang lebih perlu d iadakan pad a bahagian tersebut ketika 

merekabentuk im plan tersebut. 

Keputusan kaj ian ini menunjukan " stemless implant" adalah sesuai sebagai 

altematif unt u k  jenis konvensional  implan da lam " hemi-arthroplast ies" .  Walau 

bagaima napun ,  penyesuaian dan keberkesanan implan jenis in i  terhadap  

bahagian "sub-trochant er" mesti d ipert im bangka n  untuk mereka bent ul produk 

akh ir. P enyiasata n  pera ngkaan ya ng lebih komprehensif denga n  rekabentuk 

spesifi k pad a keadaa n beba nan ya ng lebih da n a lgorit h ma sent uhan  bo leh 

menjadi  kebaikan utama untuk  memaj ukan keput usa n  akh i r  dala m proses 

merekabentuk. 
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CHAPTER O N E  

INTRO D U CTION 

The human body is probably the most incred ible piece of engineering ever 

devised. Therefore ,  it takes a pretty wel l  eng ineered product to go into the 

human body and work side-by-side with the h ighly complex systems of the 

body. Orthopaed ic implants are one of the most important products of this 

kind and amongst them hip and articulation implants , are the most widely 

used ones. 

Total Hip Arthroplasty (THA) and Total Hip Replacement (THR) are surg ica l 

processes in which the femoral head is resected and after reaming and 

preparation of the femoral canal ,  a femoral stem with a bal l  head is inserted. 

The most common indication for hip surgery is degenerative arthritis .  I n  

healthy joints, the articulating surfaces are covered with cartilage to provide 

smooth articu lation.  Various d iseases may initiate degenerative changes in 

the cartilage, lead ing to jOint wear and incongruity. The severe pain and 

reduced function of the h ip are resu lts for the patient. 

Total hip replacement surgery creates a new artificia l joint that u ltimately can 

be pain free. The implant is designed to repl icate the human anatomy - the 

relatively simple ball-and-socket structure of the hip jOint. 
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The goals of total hip rep lacement are to relieve the pain , restore normal leg 

length and normal movement and range of motion while ensuring the stability 

of the implant and its long-term fixation and d urability. 

1.1. Proble m State ment 

THA is a story of success in relieving the pain . Nevertheless, there is still no 

end for this story since the life span of orthopaedic devices in patient's body 

remains as of a chal lenging problem. Cooper et al .  ( 1 992) estimated the 

number of hip fractures worldwide at 1 .66 m il l ion in 1 992 and expected that 

th is number would increase to 6 .26 mi l l ion in 2050. Currently the most 

successful hip implants reside inside the patient's body for not more than 20 

years. This encourages the research to find new and novel means of 

enhancing the performance of the hip implants. The common paint of view is 

that the implant a lters the natural loading mechanism of the bone and 

therefore leads to bone resorption (e.g . Lewis et a/ . 1 984, Huiskes et al .  

1 992, Huiskes 1 993, Van Reitbergen et al. 1 993, Weinans et al .  2000, Simoe 

et al .  2000). With the exception of the use of new materia ls, however, 

biomechanical engineers have not significantly improved the longevity of the 

original Charnley concept (Huiskes, 1 993). The chal lenge is to introduce new 

and novel deSigns with respect to new geometry and/or new material 

properties for the implant. 
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1.2. Importance of the Study 

It is crucial to investigate ways that might help to reduce the fa ilure rate of 

total h ip  rep lace ment and the need of revision surgeries which are of great 

cost to both patient and health service. This kind of o peration (revision 

surgeries) is commonly required after 1 0  to 1 5  years of in itial h ip 

replacement. I t  is usual ly due to bone-implant bond loosening and other 

issues such as b iocompatibi l ity, stress shielding, in itial instabi l ities, fatigue, 

wear, d islocation and inadequate bone ingrowth. These complications are 

based on the implant design and its materia l  as well as environmental factors 

such as surgical p roced ure and patient factors . Herberts and Malchau ( 1 997) 

stud ied nearly 1 00 ,000 total hip replacements and suggested that surgical 

and patient factors have the most significant effect on the success of h ip 

replacement. Although these environmental effects are not directly related to 

the implant, many of them can be considered for when designing the new 

implants. It means that, the appropriate design of the h ip implant even can 

reduce the effects of environmental factors. Chang ( 1 999) included these 

factors in an optimisation study for design and ana lysis of femoral 

components for total h ip replacement with respect to variation in load ing, 

bone properties and interface conditions.  Nonetheless, several problems may 

fo l low even when a very skilful surg ical operation is performed due to the 

complications that the h ip implant induces to the patient. 
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1.3. Aims and Objectives 

It is the ultimate a im of this investigation to make a red uction in complications 

facing patients. This cannot be achieved unless every single idea that might 

benefit the hea lth service is stud ied thoroughly. This research is an effort to 

develop an approach and investigate new and currently proposed designs 

that may sign ificantly improve the longevity of a hip implant inside the body of 

the patient. Hence, the implant might last a reasonable length of time that 

ideally would exceed the expected l ife span of the ind ividual patient without 

the need for revision surgery. 

The main objective of this project is to develop an approach to investigate the 

improvement of stress shielding in femora l part with regard to design of the 

hip implant in total h ip replacement. The objectives can be summarised as 

fol lows: 

• Developi ng an approach for model l ing of the bone with or without the 

implant. 

• Simulation of the bone around orthopaedic implants with different 

designs. 

Two types of implants have been consid ered for this investigation namely, 

stemmed and stemless implant. For simu lating the mechanical behaviour of 

the bone in presence of these types of implants, a model l ing approach has 

been developed and implemented to compare fundamenta l mechanics of 
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stemmed, stemless and intact bone under bending loading condition. 

Furthermore, the developed model is used to evaluate the hip implant design 

effect on torsion loading condition. 

To achieve the above set objectives, a numerical method Finite Element 

Modelling and Analyses (FEM, FEA) was adopted. Generally, a FEA includes 

three phases, preprocessing, processing and postprocessing. In case of 

complex structure such as bone, the most difficu lt phase of FEA is laid in p re-

processing . In this thesis, the most efficient and validated way was identified 

and implemented to do further analyses. 

1.4. Layout of Thesis 

This thesis is divided into six chapters . Following this preliminary chapter, 

wh ich is introduction to this research, chapter two is the l iterature review of 

showing that the cu rrent design of stem less hip implants was historically 

proposed long time ago. The conventional type of implant is also presented 

and debated in this chapter showing its progress during five decades of its 

application in THR. Chapter three discusses the methodology of this 

resea rch and is fol lowed by FEM, which is presented in chapter four. Thus, 

chapter four presents details of preprocessing, processing and 

postprocessing of FEA of this research. Fol lowing that, the results of the 

ana lyses are presented and these results are discussed in chapter five which 

is chapter of resu lts and discussion. Fina lly, the conclusion and 

recommendations are presented in chapter six fol lowed by list of publications 

of this resea rch. 
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CHAPTER TWO 

LITERATURE REVIEW 

THR is enabl ing hundreds of thousands of people who suffer from prob lems 

in joint femur, to l ive ful ler and more active l ives. Using metal a l loys, h igh­

grade plastics and polymeric materials,  orthopaedic surgeons can rep lace a 

painfu l ,  dysfunctional joint with a highly functional, long-lasting prosthesis. 

Over the past half-century, there have been many advances in the desig n, 

construction and implantation of artificial h ip joints, resulting in  a high 

percentage of successful long-term outcomes. 

2.1. History of THA 

The earl iest practise of THA can be traced back to 1 8th century (Ca meron,  

1 991 ) .  I n  1 926 , Hey Groves used ivory hip arthroplasty for fracture of bones 

and in 1 940 Harboush implanted prosthesis for the femoral head . This 

prosthesis, which is shown in Figure 2 . 1  was simi lar to a hemi-arthroplasty 

and eroded the acetabulum. For that reason, Harboush concluded that both 

head and acetabulum should be replaced as wel l .  That was followed by 

Judet implants in 1 946, which were stemless i mplants. Before them,  Austin 

Moore and Harold Bohlman implemented a femoral head replacement; their 

orig inal design had side plates but later they introduced the idea of 

intramedullary stem (Cameron ,  1 991 ). 
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Figure 2. 1 :  Harboush implant in  1 940 (reproduced from Cameron, 1 991 ) .  

The first THR was designed and implemented by Phi l l ip Wiles from the 

Middlesex Hospital, in London in 1 930's. Prior to this date, prosthetic 

replacement surgery was carried out with one arthritic surface being replaced 

and the results were unsatisfactory (Coombs et aI . ,  1 990).  

G .  K. McKee began development of THR designs after Wiles. The results of 

his various uncemented prototypes were in itial relief of pain followed by 

loosening and mechanical fai lure (August et a I . ,  1 986). 

One of the first widely used and successful THR was McKee-Farrar THR, 

which had chrome cobalt metal on metal articu lation, and both acetabular 

and femoral components were fixed with cement (Sven-Arne et a I . ,  1 996 and 

August et a I . ,  1 986) 

However, the first modern total hip was designed and carried out by Sir John 

Charnley, a British orthopaed ist, who proposed a low friction arthroplasty by 
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using high density polyethylene for the acetabular portion and the stem with 

cobalt chromium al loy. 

Before 1 958, Charnley found out that the metal on metal articulation of 

McKee joints was unsatisfactory because of its high frictional torque. In his 

opinion, this frictional torque is the reason for eventual loosening of the 

fixation of the McKee components in their bony bed . His experiments showed 

that the natural elasto-hydrodynamic lubrication with synovial fluid cou ld not 

be used to reduce the frictional torque of the metal on metal articulation and 

this led him into the field of polymers. In  h is first attempt, Teflon on Teflon 

bearings -as a resurfacing for the arthritic femoral  head and acetabulum­

wore out within two years (Charnley, 1 961 and Charnley, 1 965) 

Charnley's next attempt at hip arth roplasty fo llowed the McKee idea of 

resecting the femoral head and inserting a stemmed component cemented 

into the upper femur in years 1 958-1 962. The metal head of this component 

articulated against a Teflon socket inserted into the acetabulum. 

Consequently, high wear of the Teflon occurred in severa l  hundred patients 

who were treated by this method , and it caused severe osteolysis and 

loosening in the surrounding bone and a large number of revision operations 

had to be performed (Charnley, 1 965). 

Charnley found out that there was a direct relationship between femoral head 

size and volumetric polymer wear. Therefore he became determined to use 

sma l l  (22.25 mm) head in his future deSigns in order to minimize the plastic 

wear volume. This had two u ndesirable side effects. Linear penetration into 


