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Abstract

Hip replacement is a surgical process whererabhip joints are replaced by artificial hip joithtat helps the human being for
getting better lifestyle by reduction in the unaladile pain and better leg movement. The selecfionaterial and durability of
the hip joint replacement are serious significafocehe implantation, because it determines howd lisaransferred through the
stem. In the selection of materials, various protsieelated to hip joint replacement are found kikverse tissue reaction,
allergic reaction, wear and corrosion resistance ® overcome this problem one has to createrdiftenew biomaterial. This
review gives brief description about the differbi@material used for hip joint replacement.
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1. Introduction

Hip joint replacement is a process where totgdart of natural hip joint replace by prosthetip joint in order to reduce or free
from pain and improve leg movement. In thd'@ntury design, development and manufacturing dérizs which are using as
prosthetic hip joint materials are great importaimceesearch field. Approximate one million hip l@gements carried out every a
year. It is expected number of replacement in biptjincrease and double till 2025 (Cowie, BriscBisher, & Jennings, 2018).
Now a days, problem develop in hip joint with notythe aging population but it is also the youngepulation so researcher are
more attention on develop new biomaterial. The giatlevelop new biomaterials use in hip joint hamere strength, more
hardness but less wear. Biomaterials are definembasiable materials to interface with biologicgstem to evaluate, treat or
replace any tissue, organ or function of body (EI2019). vitro wear of bearing biomaterials (Affat, 2018). This load act on
hip joint varies with changed activity of human paich as sitting, jogging, slipping and climbinysiairs etc.

In addition this type of load is cyclic natunedadeveloped stress continuous on hip joint. Wihenpieople reaches old age then
density of bone is decrease so friction betweendiit during motion produces large wear and t&#is type of wear leads to
much more pain during walking, sitting as well &eping. Wear and biological reaction of wear g#t play important role in
durability of hip joint (Stratton-powell, Pasko, ®&kett, & Tipper, 2016). At this time hip joint degement is required to getting
the better quality of life without pain. This repiament does not give permanent solution but it awprthe quality of life during



26 Singh and Gangwatr/ International Journal of Enginieg, Science and Technology, Vol. 13, No. 1, 2pp125-31

certain period of time depend upon the weight,vigtiand age of human body. Biomaterials propertiepends upon specific
structure and type of tissue replaced (Mohammed9R0 So the material researchers try to develop bi®-materials using
metal, ceramic, polymer or combination of theseamalk to increase durability of hip replacementhatibxic response does not
beyond certain acceptable limit.

1.1 Structure of hip joint

Hip joint contains femoral stem, femoral heatispic liner and acetabular cup (Ghalme, MankarBBalerao, 2016). An
artificial is kind of prostheses (synthetic bodytp#hat contain two or more component. It usuallgtem which fit into the femur
and at the top of stem a ball like structure fagtiis known as femoral head. This femoral headntib iacetabular component.
Plastic liner uses between femoral head and adetabup which provides a smooth gliding surfacetef ball with minimum
wear. In general, hip implant is similar to loadegreal bone and it is also act as biocompatible.

Plastic ' Ac etabular
e Compunenr. F

Femoral
Head

Figure 1. Different component of prosthetic hip joint(Ghaleteal., 2016)

The femoral stem for hip implant where outerelaghould be porous structure help cell ingrowtlvéme and internal cellular
arrangement provide low stiffness and low weighite® surface for the femoral head in hip implardawdt be wear resistant and
inner surface should be bioactive and low stiffndeternal structure of acetabular component shdaddwear resistant and
bioactive but outer structure of acetabular compbpeovides strength to hip implant.

1.2 Failure of hip joint implant

Failure of implant material due to many reasachsas insufficient hardness, wear resistanceq wgength and biocompatible.
Insufficient hardness and wear resistance of nateeveloped wear debris. This wear debris is npi@nomena of implant
failure. Insufficient yield strength of materialvgi permanent deformation and this deformation emeecontact stress. This high
contact stress on hip joint is failure of implanbw biocompatibility of materials can produce adeeeffect and implant failure.
Mechanical, biological and tribological effect rield to failure of hip joint prosthesis summarizedrig [2].
There are three factor must be known to predictctimcal success or failure in the implant are Wdibop, Clarke, Markolf, &
Amstutz, 1981)-
(1) The wear rate of the material in the laboratiast. (2) The contact stress and sliding distgrereyear for the prosthesis in
question. (3) The rate of debris production thattthsues can accommodate.
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Figure 2. Mechanical, biological and tribological drawbadkh@ implant (Salari, 2019)

The biocompatible of hip joint materials includerface compatible, mechanical compatible andoostapatibility (Ishihara,
2015). These types of materials are also class#fgelioactive, bio-inert and biodegradable. Bionticmsurface amendment with
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fixing of hydrophilic polymer means polymer surfameanged radical polymerization. Advantage of phatluced radical graft
polymerization; graft poly (MPC) provides high lidation on the surface with no influence on theatge part of properties of the
X-UHMWPE substrate. This type of grafting on X-UHMRE substrate also provides oxidative stability @remendous

mechanical properties for long life hip joint prossis (Eliaz, 2019)(Mohammed, 2019).

2. Materialsusein bearing surface for hip joint replacement

Bearing is made of different type of materiatfl aelection of bearing surface is very importanthip joint replacement. For hip
joint replacement metal, ceramic, polymer or coration of these material use depend upon age, listagdard and body weight.
Selecting the bearing surface also depends upoability, level of performance, performance levedayour personal needs
(https://www.elvisgrandicmd.com/hip-replacementiteaiogy/bearing-surfaces, n.d.).

Figure 3. Bearing surface use in hip implant (internet seurcd.)

Bearing couples means ball and socket jointsrevlagetabular cup forms socket and head of femoe otates within the
acetabular cup. During hip replacement surgerynvaart acetabular component, femur head, or both lmeageplaced and these
implants may be made up of different materials.dbility of hip joint bio-composite material maintiepends upon load bearing
couple in hip joint replacementhe site at which the movable parts of new hiptjainite to form a movable joint is called as
‘bearing’. Some literature work related to biomatkrin hip joint replacement shown in Table 1.

Table 1. Biomaterial for bearing couples in himjaieplacement

Fabrication and

Authors Name Materials Testing Results Applications
equipments
Orthopaedic
Shanawaz et Extruder application such as
al. (Patil, Teja, Polythelene/Titanium-oxide iniection Tensile strength ,Flexural strength and Hardnessase Bone fixation plates,
Naveen, & (5%,10%,15% by weight) mJouldin with increase percentage of reinforcement Hip joint
Syed, 2017) 9 replacement, Bone
cement etc.
Wang et al.
(Aigno Wang, . Average wear rate about 84% less in PEEK -on-UHMWPE
Zongtao Zhang, (1) Co-Cron UHMWPE Wear hip Wear rate obtain in PEEK on UHMWPE is 0.38 Prosthetic hio ioint
Daniel E. simulator mm3/million cycle where as in case of Co-Cr on UHME/ P
. (2) PEEK on UHMWPE . o

Lawrynowiez, is 2.41 mm3/million cycle
n.d.)
Wang et al. . Average wear rate about 89% less in PEEK -on-UHMWPE
(Kurtz, Ph, (1) Scratch Co-Cr on UHMWPE Wear hip Wear rate obtain in PEEK on UHMWPE is 1.82 T

h -~ . Prosthetic Hip joint
Nevelos, & Ph, (2)Scratch PEEK on UHMWPE simulator mma3/million cycle where as in case of Co-Cr on UHMER/
2019) is 16.67 mm3/million cycle
MeysamSalgnl zirconia nano Tensile, vicker . Improve wear and mechanical properties such afdens  Liners of total hip
et d. (Salari, article/lUHMWPE/hydroxyapatite hardness and pin strength and hardness joint
2019) p Y yap on desk test 9 ’ !
Cooaats,  UMMWPEonPEEK, and
(Cowie et al., for UHWMPE-on-cobalt chrome  pin-on plate test | it concentration.Wear in UHMWPE-on-PEEK less T TOSthetic Hip joint

bearing couples .

2018) compare to cobalt chrome bearing couples.
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Table 1 (Cont'd). Biomaterial for bearing couplasip joint replacement

Fabrication and

Authors Name Materials Testing Results Applications
eguipments
D. Duraccioet UHMWPE/zirconium dioxide Increase yield stress, Young modulus and hardmesalao  Prosthetic Hip joint,
al. (Duraccio et ceramic reinforced withAlumina Increase cell interaction hydrophobicity (viabilapd finger joint, knee
al., 2019) (ATZ) (2.5% Wt.) adhesion). joint
PEEK is good
itl?r/f;e';/lal I—!ip wear alternative for
| PEEK-ON-CoCr simulator. - femoral head at
(Kurtz et al.,
2019) place c_)f metal and
ceramic

A polymeric material in hip joint prosthesis inclag two types of polymer where the first polymeraisatural or a

synthetic polymer and the second polymer is modiifignin. The modified lignin is modified with ankgl containing group via
linker wherein the linker is an ether group or &lkgntaining group is derived from fatty acid mdtagter (Carrick, 2019).
The prosthetic hip cup includes a porous metaluroshell, preferably formed from fiber metal, aadompression moulded
polyethylene component defining an articulatingate at its centre for contact with a prosthetindeal head (Warner & Gilbert,
1997).Serum lubrication is one of good choice tiee wear of prosthesis material at controlled hedyperature (Biomechanics,
1981).

2.1 Material for prosthetic cup (acetabular cuppmlymeric cup)

Linear actabular is the joint between femoradand acetabular cup. Internal part of acetalmularis known as plastic liner or
polymeric cup (Santis, Gloria, & Ambrosio, 2017)r@eally, the biomaterials for polymeric cup of hipplant should be wear
resistant whereas the biomaterial for outer surfstteuld have more hard and more strength. Generaligoral head and
acetabular cup made for metal, ceramic or polymesrovide mechanical strength but repetitive andstant abrasion between
these components of prosthetic hip implant gendleteytotoxic metallic wear debris. This wear delgenerates adverse effect
in human body and increase friction between femioeald and actabular cup. This phenomenon is magonefor implant failure.
In order to minimize the wear effect and incredsedurability of hip implant, linear actabular @lknown as polymeric cup) is
added in prosthetic hip implant. The pores portibthe polymeric cup received in an interface Sgthrbetween the polymeric
cup and the backside which is significantly equalthe tensile Strength of the polymeric materigdsvdrts, Rohr, Lin,
Devanathan, & Krebs, 1999). The back portion ofopsrconstruction describe interstitial pores wheeepores being sized to
receive a portion of the polymeric cup within amthjpted for permitting ingrowth of the bone.

Ultra high molecular weight polyethylene (UHMWJPPIE the maximum use as articulating surface injbipt (Sakoda, Osaka,
Uetsuki, Okamoto, & Haishima, 2018). Wang et ab][@ives hip simulator wear result and find out tlidumetric wear rate of
Co-Cr on UHMWPE cup is 2.41 mimillion cycles while PEEK (Poly ether-ether ketpran UHMWPE cup is only 0.38
mm*/million cycles. Means average wear rate about @84ess in PEEK on UHMWPE. Wang et al. also find wear rate
against scratched surface and find out UHMWPE agaicratched PEEK head is about 1.82°mitlion cycles while UHMWPE
against scratched Co-Cr head is 16.67°fmiflion cycles. Means wear rate 89% less in UHMW4Rfainst scratched PEEK head.
So, author concludes an orthopedic prosthetic jgimat joint couple made of two bearing surfacesegally, one is softer than
other.

The effect of wear on lubricant temperature alifferent protein concentrations has been systealti examined on
UHMWPE-on-PEEK and UHWMPE-on-cobalt-chrome beangples and conclude that wear factor for UHMWPER&EK is
always less than UHWMPE-on-cobalt chrome at anypeature or at any protein concentration(Cowiel €t2818). The wear
factor and friction between materials of bearingple increase with increase protein concentrataioye 2% ) but wear factor
decrease with increase temperature of lubricantel@tated or room temperature).Ultra high moleculaight polyethylene
(UHMWPE) normally used as bio-material for the phesic cup which is fitted into acetabular (Sakadal., 2018). The main
drawback of this material wear debris originatemhfrprosthetic cup and creep deformation. UHMWPEygtblylene wears and
flows. Wear is due to surface properties, whilstegr is linked to bulk mechanical properties (Rieighat, & Rabbe, 1991).
Clinical acetabular components, fabricated fromhhdtrahigh molecular weight polyethylene (UHMWP4r)d poly-tetra-fluoro-
ethylene (PTFE) (Wang, Essner, & Schmidig, 2003).

Carbon fibre reinforced polyether-ether-ketone (REBnd KELVAR fibre reinforce polyethylene use taciease strength
and fatigue resistance (Kurtz et al., 2019). Thenntisadvantage of Carbon fibre reinforced polye#ther-ketone (PEEK)
against metal or ceramic is slightly more than ptilylene. KELVAR fibre reinforce polyethylene shoebonding nature during
cool down from processing temperature, reason $snaich in thermo-elastic property. If using compi@s mouldings technique
to fabricate composite material of KELVAR fibre (bt 10% and 20%) reinforce polyethylene then éastodulus close to
bone and frictional behaviour close to HDPE. Ziiedmas been also incorporated into Ultra high mdercweight polyethylene
(UHMWPE) showed low wear compare to neat UHMWPE u&tri, Sharma, Bose, & Basu, 2019). Graphene re@ado
UHMWPE has been new proposed material for hip j@irdsthesis. Advantage of Graphene reinforced UHNEWiRcrease
hardness and yield strength but cell morphology\aabiility are not change.
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2.2 Materials for femoral head

Femoral head is upper end of thigh bone. Thiaserrof femoral head and socket is lined by thidicalate cartilage and thin
lined by synovial membrane. The ball of hip joiateives blood through the neck of bone. If any tyamage in blood supplies
then gradually death of cells in femoral head (feahbead is unidirectional blood supply). Due tatteof bone formation and re-
sorption, gradually the structure of bone in ferhoteead is weaker and starts to collapse (Httpshdpredic-
hospital.blogspot.com/2015/11/avascular-necrosifeioral-head.html, n.d.). After that AVN (Avasculaecrosis) develop in
head femur so the weight of bearing area of hedisisplace to collapse. Then rounded counteremhdral head loss and it
became flattened causing abnormal movement indiip. jSecond osteoarthritis develops then gradwadigirs in ball and socket
joints. The biomaterials for femoral head hip inmtlavhere outer surface should be wear resistantiramet surface should be
bioactive and low stiffness. So the better choimamaterial of inner surface femoral head is polyriased bio-composites and
outer surface is metals or ceramics. Poly ethesreltetone (PEEK) is a good choice of femoral headdbcio et al., 2019) .
Material selection of femoral head is mainly depegdupon the material of linear or acetabular ddp PMMA with Grephene
oxide or grephene is also a good alternative ofofainhead (Paz, Forriol, Real, & Dunne, 2017). Haoéh properties fracture
toughness and fatigue property increase with irseragephene or grephene oxide. Grephene with PMisie more fracture
toughness and fatigue properties compare to PMMA griephene oxide.

2.3 Materials for hip stem

The stem is a part of hip attached to the ferhhis stem primarily substitutes the portion of @gious bone, medullary canal
and also femur head tissue[1]. Variation of mectarstress act on prosthetic hip materials appratérsame as natural femur in
different condition and position of human. ApproadhStem fit into the canal is restoring the otjent and also dental crown.
The femoral stem for hip implant where outer lagkould be porous structure help cell ingrowth iméand internal cellular
arrangement provide low weight and stiffness. Theiee of material for the hip stem also dependsnupmperty of material.
Most of mechanical damages in hip joint replacenagatdue to material fatigue (Nabrdalik & Solis&i, 2019).

Fatigue resistance is one of the important pitasefor prosthetic hip stem material (Santis let 2017). Therefore, fatigue
strength of prosthetic stem is higher than streofthone. Other important property of prosthetig siem is stiffness. Stiffness of
material is higher than stiffness of bone but ladifference between stiffness of hip stem matesiadl bone, produce stress
shielding effect(Gibon et al., 2016). This effezadis to bone atrophy and aseptic loosing for leng period. Higher the stiffness
of prosthetic stem, higher the remodelling so tiggér value of bone loss (due to stress shieldffegg(Gibon et al., 2016). The
elastic modulus of bones ranges between 5 and 30d8pending on bone type and direction of measure(®®cich, Lowe, &
Kunc, 2017). This stress shielding effect is nohoged completely but it minimize. Another probleatated to prosthetic stem is
adverse tissue reaction, allergic reaction, coorosésistance etc (Kurtz et al., 2019). Releasmofe specific ion form prosthetic
stems material cause adverse tissue reaction knygagic responses.

Fiber reinforced composite materials for himstfer strength and more flexibility compare totais (Santis et al., 2017). Here
mechanical properties of hip stem are related toebmechanical properties. Carbon fiber reinfordingrmoset resin such as
epoxy is popular choice of composite prosthesienat The searching other matrix biomaterial imposite for prosthesis stems
are Poly-ether-ether-ketone (PEEK), poly-sulfon8)(Roly-ether-imide (PEI) etc. Increasing proxinstiess transfer, hip stem
material is more flexible compare to other parthig joint. High mechanical and thermal resistandéh wmegligible water
absorption is important properties for hip stemnidderials. Poly-ether-ether-ketone (PEEK) has trefnes material properties
but serious processing condition(internet sourag).nTemperature sensitive semi-crystalline stmebf PEEK is produce wide
range of melting temperature. This type of behavisuleveloped because of imperfection in crys&dliand non-uniformity in
their sizes. Hence controlling the processing teatpee of PEEK fabrication is difficult process.

Poly-sulfone has shown drop of mechanical prigemwhen saturated with Ringer’s solution. Ringegdlution is solution of
several salt dissolved in water for purpose of timgaan isotonic solution (Sadiq, Black, & Staclg12). Ringer’s solution
contains sodium chloride, potassium chloride, cafcichloride, sodium bi carbonate etc. It's gengralies to balance the pH.
Isotonic solution allows for free movement of wateross membrane without change the concentrafi@olate. Poly-ethyl-
imide (PEI) has excellent substrate of cell scaiteand growth (internet source, n.d.). It has ywtoxic reaction but resistance
to sterilize (Completely clean or free for bactpR&l has also consider as matrix material reirfdraith drop-off plies of glass
and carbon fibre for designing a composite forgigm with sufficient stability as well as mechahjwaperties.

3. Conclusion

The basic aim of developing alternative totalRr thip replacement materials) is to create a joitit low friction and low wear
rate with increased strength. There is continuegldpment of biomaterial from early days of polynb@sed composite material
by using metal, ceramic and polymer. Every mateha$ its advantages and disadvantage that musoms&dered during
application. Ultra high molecular weight polyethyde (UHMWPE) has shown excellent wear resistant viigiter shock
absorption compare to other type of polymer. Dgwelent of new biomaterials using ultra high moleculeight (UHMWPE)
and poly-ether-ether-ketone (PEEK) has presentecerst good alternative for hip joint replacement.eThdeal total hip
replacement (THR) material is still needed to baleated with the modifying metal surface, improvithg polyethylene and



30 Singh and Gangwatr/ International Journal of Enginieg, Science and Technology, Vol. 13, No. 1, 2pp125-31

developing polymer based composite materials. Aaluibf nanomaterial and other biomaterials in thédMWPE and PEEK also
presents the opportunity of development of futuegemal for hip implant.
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