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ABSTRACT

Osteoly5|s art|f|C|aI hip Jomt components, materials, UHMWPE
and magnetron sputtering method, which is used to coat UHMWPE, are dlscussed The
experimental Co+TiO,, Co-Cr-Mo, Zr and ZrO, coatings microstructure research before
and after the friction test have been done. During research, 15 % polyvinylpyrrolidone
has been used-15-%pelyvinylpyrrolidonre—as a an artificial joint lubricant,and the friction
test has been carried out in vertical plane and UHMWPE samples wereas rubbed at the
same working conditions. It has been determinated that after the friction test Co+TiO,
coatlng has shown the best endurance and greatest abraS|on reS|stance However, this
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1. INTRODUCTION

wear of articular surfaces such as osteolysis and survival of mechanlcal fixing components,
are frequently discussed upon.(ref?) Osteolysis is understood as bone resorption or massive
formation of cystic granuloma around the—an implant—er—massive—fermation—ef—eystie
grandloma. (ref?) The bone resorption around the implanted hip joint components is one of
topicalities of today surgical replacement arthroplasty that predetermines the service life of
the mechanical fixtures of the implanted component.(ref?)

For manufacturing the components of an artificial hip joint, various materials are used; they
include metals and their alloys (titanium and its oxides, stainless steel, cobalt-chromium-
molybdenum alloy-and-se-en) [1, 2, 3], ceramics (aluminum oxide, zireenidrm-exide-zirconia
and-se-en) [4] and polymeric materials (PMMA, UHMWPE) [5, 6].

Polymeric materials usable—used in_the production of the implants are—have become
abundant; however, for over 40 vyears, Ultra-High Molecular Weight Polyethylene
(UHMWPE) is used in_the production of hip joint endoprostheses. (ref?) The said material is
used for producing an-the insert of the hip joint socket.(ref?) It is distinguished for_its low
friction coefficient, good biocompatibility and lubricant properties; however, its break|
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resistance is lower, se-it-wears—rapidlyleading it to rapid wear.(ref?) In addition, particles of
worn polyethylene get into the body and cause undesirable reaction of tissues, known as
osteolysis [7]. In such a-case, the patient is-becomes a subject te-for a revision surgery of
the hip joint replacement arthroplasty.

At present, the modification of metal or plastic surfaces of the implants is [very often explored| _ -

[8 9. The modification of a polymer surface, either by chemical or physical methods is very

referred to inert polymers, as is the case of polyethylene, whose surface needs etchlng
treatments to improve its—their biocompatibility and their adhesion with—via printing or

decoration finishes and alse-its-biocompatibility-[4-6].

contact surfaces is reduced considerably, lubrication conditions are |mpr0ved and the
durability of hip endoprosthesis is increased. The researches [11] have shown _that when_
coating the polyethylene surface of the socket with durable TiO, and Co-Cr-Mo coatings,
FiO, and-Co-Cr-Moe-on one side the contact-surfacesurface contact is hardened but on the
other side it is coated on a resilient base and this allows it to increase the ecentact
surfacesurface contact. Such solution helps to reduce stresses and to considerably improve
the wear-and-tear resistance. The above combination can be applied in the fields where it is
crucial to extend service life of frictional parts and units_that are featured for their restricted

lubrication_properties;-te undertakeing damping of vibrations and impacts.

herewith the number of fragments that cause host reaction to the artificial hip joint [11].
However, only primary tests on durability of the said coatings were carried out in the above-
mentioned works ~as of 2500 friction cycles only. This number is too low, because the joints
on their movement pass are subjected to considerably higher number of cycles|; in addition,
using of various coatings is possiblel. At present, zirconium and ;l[cphlgw(@ref
increasingly eften-used in the replacement arthroplasty. (ref??)Zirconium is distinguished for
its good biocompatibility properties and its modulus of elasticity is close to_the modulus of
elasticity of human bones.(ref??)

In the present research, we-plan-te-apply coatings of UHMWPE with ether-materials{suchas
zirconium, zireeniti-exige _zirconia, titanium oxide and cobalt-chromium-molybdenum alloy);
were applied to carry out friction tests on a stand, to examine the microstructure of the

coatings by a scanning probe microscope (SPM) afterapplication-of-the-coatings-before and
after the friction tests and-to identify what coating withstood 10 000 working cycles in the
best way.

2. MATERIAL S AND METHODS

For the formation of the coatings, 3-source magnetron sputtering SCM was used.

khe-magnetron sputtering method was chosen,- Fhe-method-was-chesen-becausesince the
application of coatings takes place at 70C, se-theand by the application of this method
properties of polyethylene do not change (its melting temperature varies between 144_<C
and 152_<C). Magnetron sputtering technology is characterized by: oxide coatings can be
sputtered (reactive sputtering), excellent layer uniformity, very smooth sputtered coatings (no
droplets). Magnetron sputtering technology has some disadvantages:slow deposition speed
and adhesion of coatings is lower and density of the sputtered layers may be lower. 3-seuree
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rubbing stard-device generating friction effect has been designed and manufactured (Fig. 1).

Figure 1. Stand-efthe-experiment—1— FP-10 tensioning equipment; 2 — special device;
3-rod

The device for the stand is intended for operation in the German-made FP-10 tensioning
equipment_(Company, Country??). The stand is used for simulation of real movements
taking place in the human hip joints. One cycle is back-and-forth motion of the stand’s rod 3.
Within such a cycle, a sample inserted in the fixture 2 is loaded from 0 to the maximum force
(400 N) and it is rotated at a certain angle_(what angle?). Within one cycle, the sample
performs a complex movement, i.e. it is pressed and rotated, thus simulating motions and

loads of a hip joint. For lubricating, 15 % polyvinylpyrrolidone was [used. —=

After the wearing tests, the microstructure of the coatings was examined again by a
scanning probe microscope. Finally, an analysis of the obtained results was carried out.
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3. RESULTS AND DISCUSSION

The results of the tests are provided in Figs 2 and 3. In Fig. 2, the photos of the
microstructure of Co+TiO,, Co-Cr-Mo, Zr and ZrO, coatings applied onto UHMWPE by
magnetron sputtering are provided; they were made by a scanning probe microscope before
friction tests. In course of analysis of the photos of the surface of coatings made by a
scanning probe microscope (Fig. 2), it was found that the largest agglomerates of granules
are formed in Co-Cr-Mo coating (about 2 pum long, 7 pm wide and 10 nm high). The
roughness of Zr coating is the minimum; however, it includes large agglomerates of granules
(1.5%1.7 pm). Zirconium is known as a crystal structure comminuting agent and shows
particularly good granular structure refinement effect. The roughness of ZrO, coating is
relatively low (3.2x2.5 um); however, the structure of the coating consists of large granules.
Co+TiO, coating is of a moderate roughness with 4.5x4.5 ym granular agglomerates.
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(@) Co+TiO,
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Figure 2. SPM surface morphology images before friction test fort he Gcoatings

(8)Co+TiOp4a}, (b)Co-Cr-Mo b}, (c) -Zr e},-and (d) ZrO,
before friction-test—
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The average sizes of granules are provided in Table 1-below.

Coating
Co+TiO, | Co-Cr-Mo | Zr | Zr0,
Sizes of granules, nm
min max min max min max min max
50+2,5 | 200+5,2 | 20+1,8 | 100+4,2 | 8+£1,2 | 50+3,2 | 85+3,5 | 200+6,4

able 1. The average values of granule sizes (nm).

analysis of the photos of Co+TiO,,Co-Cr-Mo, Zr and ZrO,, coatings made by a scanning

probe microscope (SPM) after the tests on friction stand, it was found that Co+TiO, coating

maximum extent and residue on UHMWPE was the smallest. After the friction tests, the
grain and roughness of the above-described Zr coating increased and the shape of its
granules changes considerably. This change was caused by wear of the coating. The
surface of Co-Cr-Mo coating wore by [20 %. [The shape of granules in Zr and Co-Cr-Mo

coatings became rounded, because the sharp inequalities abraded on traction. Thus, the ' \

roughness of the surface was [reduced|.

(a) Co+TiO,

(b) Co-Cr-Mo
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(c) zr (d) ZrO,
Figure 3. Coatings Co+TiO2 (a), Co-Cr-Mo (b), Zr (c) and ZrO , (d) SPM morphology
images after completed friction test
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Table 2. The values of average sizes of granules after compl __eted friction test, nm .~ { J
Coating
Co+TiO, | CoCr-Mo | Zr | Zr0,
Sizes of granules, nm
min max min max min max min max

50+3,0 | 200+5,8 | 20424 | 80+5,6 | 20+2,2 | 100+2,5 | 140445 | 250+7,2

ISe, after comparing the morphological photos pof the structure of coatings made by a -
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application of coating onto polyethylene, its surface should be duly prepared and
modified to change its hydrophilic and adhesive properties. So, application of coatings of

other materials onto polyethylene requires deeper investigation.|
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