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ABSTRACT

Ultra-high molecular weight polyethylene (UHMWPE) is a widely used clinical material for
acetabular components in hip joint replacement, but wear debris generation, osteolysis,
subsequent loosening, and lower range of motion limit its life. Cross-linked and vitamin E-
added UHMWPE have been claimed to solve this problem somewhat. However, the material
is still required, which can survive longer for younger and active patients without requiring
revision surgery. Epoxy composites have great potential to solve this issue because of their
higher mechanical strength, wear resistance, ability to bond with fillers, and ability to be easily

modified for a particular application.

In this work, two epoxy systems are selected: one is SU-8-based, and the other is Structalit-
based. UHMWPE filler was added to improve their tribological properties, and hyaluronic acid
was added to act as an in-situ liquid lubricant during articulation. A novel Prosthetic
Biotribometer™ was also designed and manufactured for the wear evaluation of these
composites. Complexity in test methodologies, i.e., from unidirectional to multidirectional tests
which are required to simulate hip interface movements, were adopted for realistic material

performances.

SU-8-based composites were explored first. The SU-8 polymer was mixed with UHMWPE
particles in various weight percentages to make these composites. The uniform distribution of
filler materials was confirmed by optical microscopy imaging. Cross-sectional SEM analysis
showed the formation of the fibrillar structure of UHMWPE, which helped bind UHMWPE
particles with the SU-8 matrix. The compressive Young’s modulus and strength of the
composites were found to decrease with UHMWPE filler addition which was due to the
presence of a soft UHMWPE phase. For the initial screening, the composites were tested on a
ball-on-disk tribometer using a 12 mm diameter stainless steel (grade SS304) ball under a
normal load of 20 N and sliding speed of 32 mm/s. SU-8 with 25 wt% of UHMWPE showed
COF of 0.1 and a specific wear-rate of 6.27x10° mm?>/Nm, which were 52% and 61%,
respectively, lower in comparison with that of bulk UHMWPE tested on the same machine in
an aqueous solution of bovine serum albumin. Further, to improve the tribological performance
of UH25, hyaluronic acid was added to the composite, and properties were evaluated using
multidirectional sliding conditions. Adding 0.2 wt% and 0.5 wt% of hyaluronic acid (HA)
reduced friction and wear. Worn surface morphology revealed that the HA-filled composite

has less damage and a smoother appearance than the composite without HA. The phenomenon
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of HA lubrication was attributed to the lubricating film formation ability of HA. Also, HA-
induced hardness has positively influenced the wear resistance of SU-8 composites. These
promising results of SU-8/UHMWPE/HA composites make them potential candidates as future
hip implant material. To expedite the process of wear measurements, a novel wear measuring
machine hereby named “Prosthetic Biotribometer™” has been developed. It was designed to

produce cross-shear sliding at the pin surface against the counterface disc.

To establish epoxy as a candidate material, another commercially available epoxy, Structalit™,

has been explored. This study evaluated Structalit™

-based composites for their mechanical
and bio-tribological properties to find an alternative to UHMWPE. StructalittUHMWPE
composites were successfully developed with excellent filler matrix bonding. Lower friction
and wear of the composite (with 24 wt% of UHMWPE) are attributed to the higher bulk
mechanical strength and lower interfacial shear strength. Additionally, lubrication was
supported by heterogeneity-driven lubricant flow and protein-mediated boundary lubrication
mechanism. Burnishing, abrasion, and protuberances were UHMWPE's main surface damage
mechanisms, whereas composite had few micro-cracks on its surface when filler loading was
less. Further, to impart self-lubricity to the composite, HA was added, and results were
compared with S24 composites (Structalit + 24 wt% of UHMWPE) under similar experimental
conditions. The coefficient of friction and specific wear rate of StructalittUHMWPE/HA
composites were improved compared to that of the S24 composite. Finally, UH25HAOQS and
S24HAO05 (Structalit + 24 wt% of UHMWPE + 0.5 wt% HA) are proposed for further simulated

wear tests for acetabular cup replacement material of the hip joint.
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qR

I H-3I= VAP UR Ul (UHMWPE), Soeg &1 Site UiaRTa B SUTRT g1 arelt
TRICTgeR HY & U 0% T I I &I 91 arelt Avfawges Jrdt §, afde ge gu
THs P A, iRy, Sl & Stam- SR fd & e A 39 Sitaq &
Hfed F <t 51 Hr-fids iR et  $-gad UHMWPE 3§ 39 T80T & $3 8¢ d
T B DI a1 o1 T § | BTallap, JrTHdt @bt 31t oft srawadsdl §, St GRRI&or okt &
3TaRgedl & foAT1 a1 $iR Tfera At & e dd 9Hg 9 S & Al ¢ | Tl
Hfa ¥ ! S Tifde Rfad, g e &mdl, e & 1Y I8 $i &Har R fodt
IRy Uit s & T STt O GRNTAT B9 D1 &TdT & HRUT 39 JHWT B g DR Dt
BT HHIGATE 5|

39 & H <1 TUad oF T U §: U SU-8-3MTUTRA 8, 3R TERT Structalit-3emRd B
I TSI 0N DI R M & ¢ UHMWPE foher SiieT T 8, 3R 71 &
GRM $-Ui¢ T Wedh & U H B I & (a4 gATeRI-d URIS SISl 11 81 349
HUIfoTe & forTa & Yedid & ol T 791 irfe s ariersaie™ off feome ik FAfifa
foran an 3 | udternr ugfadl o Sifewdn, ar, te-feRmare 4 9g-fxnds Wy, S Heg
1 SfARIB D DI SIHRUT IR P OIT TS &, TR1ef01 R F Su-me MU B |

T UGd SU-8-3MTRd HUIfole B @iel &1 115 | 7 HUIfoIc Pl &M o fo1T SU-8 Sgad
& fafid oo ufa=rd § UHMWPE S 0T o Tr fRreman T o1 | UehT=ita geresi e gr
RTT AU o 9 fqaRor & gfY & T8 | 19-JaRAd SEM fa=ewor 5§ UHMWPE &t
BTSSR WA &1 I &, oI UHMWPE HUT &1 SU-8 A & 1Y sieH H Aeg 31|
UHMWPE fheR Site= & I1 SuUifSie & $HUfRYg 391 A1dies 3R e # o urs T8, S
g UHMWPE TRUT &1 SURITT & HIRUT UT| YRS SiId & [ad, dHaifore T URIefor did-
HA-f&%F grRaicr W 12 Al oo arel Weo Wi (IS TaUH304) Sid & SYANT
TP 20 N & IHRI UR 3R 32 iedt/Ade &1 e Tfa & ded foar T AT1 25 wt%
UHMWPE & T4 SU-8 3 0.1 1 I¥UT 0T 3R 6.27x 10" mm3/Nm &1 falRiy ferma-er
faaTs, S AR 52% SR 61% UHMWPE &t ga1 & &H | 39 3famaT, UH25 & gor
T TG 1 SER S o o1, §raegRIe URIS I FHY H SitsT 74T U, 3R -
fe=mTers e g fRufaa! &1 START HRab 0T BT Yedich- fobdl 7T AT1 0.2 wit% 3R 0.5
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wt% BATRIT® TRTS (HA) fram & avfor oiR forra &4 81 mam| forkt g3 a8 &1 sfidfa
I & U Ia foh HA T WR HUifSe T, HA SFURYT $HUifSie &1 ga-1 J &4 &fd gial
g 3R T8 31w freit faad g1 HA $t fad-Ts fther 0T &l & T HA |8 &t
99 faa1 M1 | TP ], HA-URT HARAT 4 SU-8 HUlflc & fordmd & UfoRiy &l
IHRIAG Y I U 5T 81 SU-8/UHMWPE/HA HUIRIE & T SMTRISHS aiRomd
3% HIIT & Beg B Sils TARITU Gl & =0 § GHIfdd Ieiear a1d 81 frama 1o
! Tifehan ® ot M & fog, "Tdfed Sriergaier™ " 91| &1 U T4i fordra HgH areft
I3 A RId &1 71 81 30 By 5% & [q%g U7 Tag W H1-RRR fhae 3d4
& & foe Ffefa fear man 31

U IWIEaR Il & FU § TR &l R 64 & Y, T 3 ATHRS =0 9§
IS YT, Structalit™ & @IS $1 7T ¢ | T 3T § UHMWPE &1 f[dded GioH &
fore S99 giffe iR Si9- ayur Mfdea Ui & T Structalit™-3MUTRa HAfvie &1
i fharl Ipy fher AR oY & I Structalit/UHMWPE  dhUlfoTe
HAdYdd fawiid fart U1 HUifole & & g8 SR fa (UHMWPE & 24 wt% &
1Y), & fou Haifsre & I aifFd Ufdd SR HH fdRude! HaRA! didbd HI FoTHGR
ST T g1 39 AR, Ve & fafauar-Taiferd Wed Uaie iR M- Heaidl
e Bed 97 gR1 gufd faar o1 SieE, ger $fR SR UHMWPE & e 94 &ffd
47 9, Tafd fheR AfET $8 81 IR HUIfle & Idg R $© &9 R A1 3q& 3T,
HUIfTe # -8 UeH B3 & T, HA SIS T/ o1, 3R JHH YanTes Rufaat &
d8d IR &t ga-T S24 HUISIE (Structalit + 24 wt% UHMWPE) & J1 &1 15 Al 24
SHUIRSTE @1 a1 H Structalit/UHMWPE/HA aifoTe & gvur Turies 3R fafRiy frama ot
R T GUR a7 | 3fd &, UH25HAO5 3R S24HA05 (RCIRRAE + UHMWPE T 24 wit% +
0.5 wt% HA) &1 e & S & TRICIEeR &Y Ui It & foe om & Rgacs
forTTa & TRtefon o forg uRafad foran e |
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