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Oxidation and degradation of polyethylene cups in hip joint prostheses

Summary — The properties of polyethylene runs of hip prostheises produced
by Johnson m&Johnson Orthopaedics, Dc Buy International Ltd. (Great Britain)
and Acscuiap AG & Co. KG (Tuttlingcu, Germany), removed after various
limes of implantation due io their premature wearing out, tvere compared by
means of the analysis of FT-IP speeda and determination of the hardness and
viability o; macrophages and osteoblasts. The oxidation of pulvethylene was
found to be a mam reason of Acscuiap cups' damages
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Most of endoprostheses used in total hip arthoplasty
have pulvmer cups made of ultra high molecular weight
polyethylene. Growing number of publications have re-
ported excessive premature mechanical wearing of some
polyethylene cups U—10j. In some cases worn cups
sitowed extensive cracks, delaminations, fractures or
even total breaking up. This leads to serious complica-
tions requiring the replacement ot worn im plants. Tilere
may be several reasons ot premature wear of the poly-
ethylene cups; incorrect implantation of the endopros-
thesis, constructional failure of the cup, material failure
of the polyethylene. However, in the majority of re-
ported cases an incorrect implantation has been re-
ckoned as the cause of the cup damage. There is a strong
possibility that the reason ot the damage of PE cups is a
failure of the material.

Therefore we decided to examine the samples of
polyethylene derived from the new unused cups and
from exploited damaged cups Jprematurely worn out,
cracked or broken) retrieved from the patients at the
time of surgery revision.

EXPERIMENTAL
Materials

The two types of PE cups were studied; Johnson &
Johnson Orthopaedics, Ue Puy International Ltd. (Great
Britain), in further text — samples Cj/i and Aesculap AG
& Co. KG (Tuttlingen, Germany), in further text — sam -
ples O f.

i-u]jif~iverjity. Faculty of OierniHtrvrul. Ingardena !. 3(i-2]$
Krfikil'-.v, PuLantl
;1 [«jiylforiiaii I nivnrs:tymCollegium .Vicdicu [a, ul iyjy, (Vldriy 12.
3.1-0IN Knijimv, PsLnnd.
Rzepxnw University of Technology. Department of Plastics Techno-
logy, At. Pow.sLanciW Warszawy 35-959 Rzesz6ow, Peiand

Meth nds

I-T-IR spectra were recorded using EQIUN'OX 55
(Bni kcr) spectrophotometer.

The hardness was measured using tiinell's appara-
tus according to Pulish Standard PN-9d/C-D9030/i)'i.

The viability of macrophages U-937 and ostenblasts
Sa0s-2 was determined using the method based on
3-f4,5-Jim['thv]th;azol-2-vl)-2,5'diphiir,v[-tetrauiriiu:r,
bromide — MTT (Sigma) dye metabolism in the living
cells' mitochondria [L1J.

RESULTS AND DISCUSSION

The analysis of FT-IR spectra oi PE samples shows
that the material taken from the new, unused C-t£ cup
does not show any oxidation, but all this type samples
originating from the exploited cups (the time of implan-
tation ranging from 4 months to 12 years) arc highly
oxidized (Fig. 1).
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FigijrC 2 shows the- absorption of (Inc carbonyl band
— experimental as well as 4 Ganil fin4 orenxian sub-
bands. The carbonyl band is conrplex thus itseemed rea-
sonable to resolve it into sub-bar.es, taking into account

2. FT JR ipetfrfl of C.m sample exploits& 4 mpnths fsec
ffe Ib): ii — rxpctimenidi spfcirm?:. 2 — aik'ulat-".d spec-
inuyi, 1— ciicr band. 4 — \ffldehydt: hand. 5 — ketone hand.
5 --acidic hu:d Expe.rimentiii diiia -sjrrf calatkiird
& 7 supi'rpuinnbii oj 4 sub -ponds

the literature data referring (o the frequencies of C -0
groups ili oxidized polveth vlene: carboxy lie {f[)9c [702
cm.'1}, keton.ic (17 a“— 171h em aldehydic (1735— 1741
pm'l) and estcrie (1760'— 1767 ¢m 1) [121. The sub-bands
were inmgrated and then summed up which allowed to
obtain the calculated absorption profile,, almost identical
with the experimental spectrum (spectra i alid 2).

The oxidation index (Of) was defined as she ratio of
the integral intensitv of C1=0 band and the integral in-
tensity of the reference band with the maximum at 146S
cm  (attributed toscissors \ibrations ofCldi group).The
values of Oi of the cups exploited during various pc
riods of time are shown'in big. 3. There is no time corre-
lation of Of which can be understood if one takes into
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account the fact that "he deterioration of cups certainly
depends on many factors including individual features
of a patient e @ age. weight, physical mobility.

The 1R analysis of C;. samples, carried Out in the se-
cond step of our studies,, showed that in this case tie
oxidafion of RE is not detectable by mean.-, of FT-iR tech-
niqu& The spectra of unused and exploited cups do not
differ in the range of carbonyl absorption hand. The rea-
son of revising operations was muir.lv the loosening ot
the Cups but not their cracking or breaking.

Hardness tests of the cnp> performed tor both ivpes
0: prusiheses showed the decrease :n hardness with the
increasing exploitation time (see Tig. 4).
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The viability of macrophages cultured with all the
samples investigated was in the range 70—80" mwhich is
a satisfactory result.

Therelore, it may be considered that the cat:se of pri-
mallire wear off ot poivethylene cups is the process of
oxidation and accompanying polymer degradation.
These processes may possibly be initiated during the
production or sterilization of polyethylene bearings
when primary poivmer mnrroradieai; may be formed
and then react: easily with oxygen As &result or sub-
sequent reactions with lhe participation or peroxv rack-
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cals, peroxides and alkoxy radicals, oxidation of a poly-
mer mu]eculs occurs This process, related to the break
up of the main polymer chain and oxidative degrada-
tion, mav also be the result of per¢prosthetic tissue reac-
tions Chemical degradation of the material may Sower
its mechanica! resistance and accelerate ihe process of
polyethylene cup wear off.

REFERENCES

1. Eyerer E= Wntned. TecldHik 1983,2fl, 297.
Qtfinowski J.,Dudka J.: Chir. j\'nrz. J&tditt iQrtap. Pol,
1991, 56,150.

3; Ottlnowski Pawelet A.; 7 lime Joint Sutg, 1995,
77-B, 802.

4. Salvati E. A, Wright T. M Burstain A. H., Jacobs B:
J Eorriti Joint S ®  |Am. 11979, 61-A, 1239.

10.
11
12.

539

Thirupathi R. G., Husted C.:CUn. Orikov. 1.983,179,
2009.

Weightman B., Swanson S. V.rlsaac G. H., Wnjblew -
ski B. Sl,: J. Bone Joint Surg. [Sri 1991, 73-B, 806.
Chen J id., Shih-Shyn Wu j.: Compil. Me.hrtxi* Pro-
gram* Biomed.2002, 68, 117.

Dai X., Oinori H,, Okumurii V. Ando M . Oki H ,
Hashimotii \ T, Baba H.i Artij Organ-; 2800, 24, 746.
Maloney W. J,, Galantc J. O., Andcrson MGoldberg
V., Harris W, R, Jacobs J., Kraay M., Lachiewicz F,
Rubash H. E., Schulzer = Wuolson 3. T : Clir.. Qrffatp.
1999, 369,157.

Devane R A.,, Home J. G.: Gin. Qrlhop. 1999, 369, 59.
Deni®ot R,, Lang J.: hernjmel. Mei/iods 1986, 89. 271.
Hummel, Scholi; "Atias dor Kunststotf — Analyse",
vol. 1—2, Carl Hanser Veriag, Munchen 1968. p.
124— 126.



