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The Research Progress of Ultra High Molecular Weight
Polyethylene for Artificial Joint
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Abstract. Artificial joints acting as implants to replace diseased or injured human joints should possess good wear resist-
ance, mechanical properties and oxidative stability besides biocompatibility. Ultra high molecular weight polyethylene
(UHMWPE) has been widely used for artificial implants because of its excellent chemical and physical properties. How-
ever, different forms of failure of HHMWPE artificial joints would happen during long time using, such as peri-prosthetic
osteolysis secondary to wear of UHMWPE components, leading to inconvenience for ortho paedic patients. This review
summarized methods for improving the comprehensive properties of UHMWPE implant, including radiation cross-linking,
thermal treatment, adding anticxidants. The review also summarized latest progress on improving mechanical properties of
the implant through induced formation of self-reinforced structure in flow field, and also prospected the research direction

of high performance artificial joint in the future.
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Fig. 1  Schematic diagrams of components of total hip arthroplasty

(a) and assembled total hip(b) , X-ray picture of artificial

total hip arthroplasty( ¢)
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Fig. 2 Schematic diagram of artificial knee joint fabricated

by UHMWPE
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Table 1 Physical properties of conventional GUR 1050
Property Values
Molecular weight/Mg + mol ~! 3~6
Crystallinity/ % 45 ~50
Density/g + cm ~3 0.93 ~0.935
Ultimatetensile strength/MPa (21 °C) 42 ~44
Ultimatetensile strength/MPa (37 °C) 36
Yield strength/MPa(21 °C) 20 ~23
Yield strength/MPa(37 °C) 21
Elastic modulus/GPa(21 C) 1.0 ~1.39
Elastic modulus/GPa(37 C) 0. 67
Elongation at break/% (21 °C) 330
Elongation at break/% (37 °C) 375
Shore D hardness(21 °C) 60 ~ 65

Note: Mechanical properties are taken from engineering stress-strain
plots. Adapted from[4].

3 UHMWPE AN T X HiER B

B2 H A G A 5 P A A O 1 T RE A 42 5 1Y
B, BRERNABMBEAN TARZ—, HHT
UHMWPE A T2 fE K W6 R b, 7R 52 0K Ay
PAKCEARGEW ., A S MR SF B FOR R X E  as
gy, ARG R 2 R . OUHMWPE f i
TS PR 451k BE AR X AR, AU T e st i A A i 2 Tt
A OGN 7 AR R, i R B A O Y Y 2 i
PECT S QB R B T R BUR R R AL S A —
AINARIEY 2N, BB A B A v,
o RAT IO AA R 0, ki T N LR A
PR A7 o IR IRATFERIT, AA RN TR
] 10 ~ 15 475 23 DB M2 i 2k 8%, 3 30% By SR
10 AF TG Z AT R IE TR . ML, SER N TR A
PRBO A3, e S0 IR T ARAY R A 9%, 3a )
i LR RN TS A T % 7 A7 AE ) TR, O 1 A2
PR RAMRBII R, VF 200 20 AR R &
B, AR RSSO AR B

X UHMWPE [f4R IESCI, 2K UHMWPE 228276 5
FURL y L AR P, f A2 51 UHMWPE
TR ARIE I C A0 H B b2, AR5 A A R 2 16
B R AE A RS A, X BB ARIR A 2 0 E r
iz s M4 5 UHMWPE R A KA S PERE . AR
SEF R RS UHMWPE A8 A (A A i 135 2 g A7 1
AT, ZZHkH) UHMWPE fA IR AE 1998 4F A
i PR A, HL 2 7S RS 3 B T P RE . Muratoglu 11
McKellop 2558 i £ — £ 52 %6 (POD) X H 3k UHM-
WPE H AR TR EPEREBEAT T AF5E, KBl UHMWPE 3¢
TREL A ) R 503 25 [ A i B 9 B o U T
T4 B i 100 KGy Ik FIFR e, Wnlel 3 s ™,

-3

m
N

—_
o
T T

[e0)
T

2r i F

e 8
20 40 60 80 100 120 140 160
Radiation Dose/kGy
B3 W o BRSO 4 ik 3 UHMWPE 1 POD J 4
2 i G = A AR 1L
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Fig. 5 The oxidation index profiles of conventional UHMWPE | irradi-
ated and once-annealed UHMWPE, and irradiated and melted
UHMWPE after real-time aqueous aging for 128 weeks from
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Fig. 6 SEM micrographs of representative liners from each test group after real-time aqueous aging for 128 weeks: (a) conventional UHM-

WPE, (b) irradiated and once-annealed UHMWPE , and (c¢) irradiated and melted UHMWPE
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