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{erammic on ceramic total hip prostheses are developed to apply to young patients because lifetime of polyethylene joint
pesiieses is limited by loosening due to biological response. As mating faces of all-ceramic Jjoint must be highly conformed
W reduce stress concentration, wear properties of flat surfaces are investigated in this study. Through wear tests at 2 MPa of
“weact pressure and 36 mmy/s of sliding velocity, alumina and silicon carbide keep low wear rate, high hardness and smooth
surface. Soft surface film was detected after the test in bovine serum. This suggests that boundary lubrication is effective to
m=fmce wear in all-ceramic joint.
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T=wchemical reaction.

Introduction

% most of the joint prostheses, one of the sliding
suuces s made of ultra-high molecular weight poly-
i iene (UHMWPE) because of its chemical stability
S Sezh wear resistance. According to radiographic
Wessarement of a hip joint, wear depth of polyethylene
wacket os wsually less than 0.1 mm per year. However,
Swiozcal response to wear particles of polyethylene
“msses bome absorption though the polyethylene is a
Sw-mert material in a block shape. Thus, lifetime of
Wil joints s limited by loosening of the joint due
W Swme foss [11. It is likely that a human body has poor
Scmen o discharge polyethylene wear particles because
= Swman being had not encountered polyethylene
Seme the history of evolution.

Fr S reason. metal on metal and ceramic on ceramic
W mo prostheses have been developed. Though it is
Weeete that wxicity of Co, Cr and Mo is low, we must
W= sware of the effect of the ions from a joint pros-
Sesss om human health.

““smwmic on ceramic joint prostheses have different
e (21 As ceramics are brittle and their elastic
eiuls == high. stress concentration may lead to
sz and abrasive wear. Therefore, high geometric
ey s required for sliding surfaces in ceramic
W cemec joint prostheses. Hence, wear properties of
e comformed ceramic surfaces must be investi-
s e Sevelop joint prostheses for permanent use [3-
. The pumpose of this study is to investigate tri-
sl properties of ceramics between highly con-

5 757514139
s

=S141u

"

W= & Sontierkyoto-u.ac.jp

Materials and Method

Figure 1 shows the end-face friction apparatus used
to investigate wear properties of ceramics. Vertical load
is applied to the upper part with dead weights while the
lower part rotates with a water vessel. Friction torque is
measured with a load cell. The upper specimen shown
by Fig. 2 is ring-shaped and the lower specimen is a
circular disk. The specimens slide to each other in the
vessel filled with fluids. The mating faces of the
specimens are nominally flat and their centerline average
roughness is less than 0.01 pum before the test. Mean
contact pressure is 2 MPa and sliding velocity is 36
mm/s. Alumina and zirconia have the same quality
with joint prostheses, while silicon carbide and silicon
nitride are industrial materials.

The water vessel is filled with distilled water, water
with 1% albumin, water with 1% hyaluronic acid or
30% bovine serum. Temperature of the fluids was

Specimen, ~=4/;§{\/\I“/
Lubricant: -h\s;>§,\l\%\.N

<> Sliding faces

Fig. 1. Schematic of end-face friction apparatus.
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Fig. 2. Shapes and dimensions of specimens of alumina, silicon
nitride, silicon carbide and zirconia with 4.5~5.4 mol% Y50,

heated to 37°C during the test. 0.02% of sodium azide
and 0.005% of phenylmethylsulfonyl fluoride were
added to albumin and bovine serum as antibacterial
agents.

Weight loss of the specimens was measured after 20
km of sliding to obtain specific wear rate Sw defined by
the following equation.

14
Sw= o (1
Where v is wear volume in cubic millimeters, P is load
in newtons and [ is sliding distance in meters.

Before and after the test, centerline average roughness
Ra was measured. Dynamic hardness is measured with
Dynamic Ultra Micro Hardness Tester (DUH-201) by
Shimadzu. The indenter is a triangular pyramid with
115 degrees apex angle. According to the instructions,
dynamic hardness DH is defined by

o) g0 o )
D

Where P is load in gram force and D is indentation
depth in micrometers.

Result

Figure 3 compares specific wear rates of the ceramics
sliding in the fluids. Wear of silicon nitride is excep-
tionally high in every fluid and wear of zirconia is
second highest. Wear of alumina and silicon carbide
are very low in every fluid.

Figure 4 shows that surface roughness increases
rapidly in the early stage of the test. Then, the rough-
ness takes constant value with further increase of slid-
ing distance. Roughness of silicon nitride and zirconia
become much larger than the ones of alumina and
silicon carbide.
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Fig. 3. Specific wear rate of ceramics.
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Fig. 4. Change of centerline average surface roughness with
sliding distance.
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Fig. 5. Dynamic hardness of original surface in micro scale.

Figure 5 shows that dynamic hardness of the cera-
mics is in the range between 1,000 and 1800 before the
wear test. The corresponding indentation depth estimat-
ed by equation (2) is in between (.46 micrometers and
0.62 micrometers. Thus, hardness of thin surface layer
can be measured by this method. In addition, it is
expected that the film adsorbed by the surface can be
detected. After the test in distilled water (Fig. 6),
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¥ 7. Dunamic hardness after wear test in bovine serum.
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“humze of hardness is not remarkable for alumina and
Wicee carbide. Hardness of non-contact region of silicon
Wime becomes close to zero. Hardness of zirconia
“erzases both in the non-contact region and the contact
S=mew. After sliding in bovine serum (Fig. 7), dynamic
Sasimess of each ceramic surface becomes about half of
e mmnal value.

Discussion

“amonz the four ceramics tested in this study, alumina
e mrocomia have been applied to joint prostheses,
W oaly alumina is used for ceramic on ceramic hip
gamrs.

Wear rame of silicon nitride is very high in water
Smements. [ts excessive wear is followed by a rapid
Wmzme i centerline average roughness to 3 micro-
e Iis high wear rate and rapid roughening is
“swsed oy wibochemical reaction to water through
et sihicon dioxide is produced [7]. After the test,
s hardness is very low in the non-contact region
wcmsse wear particles of silicon nitride and silicon
Sewade accumulate. Decrease of hardness is not re-
Sasie in the contact region because wear particles
= wmoved from the surface through wear process

before the soft layer is formed.

Though zirconia has excellent tribological properties
when it is combined with polyethylene, its surface may
be roughened during sliding with hard materials. The
specimens are made of partially stabilized zirconia with
4.5-5.4 mol % Y,0;. For this material, phase of crystal
may transform from tetragonal to monoclinic [8] by
high contact pressure during sliding. The authors sup-
pose that the reason of roughening is non-uniform
surface strength as a result of phase transformation.

Alumina and silicon carbide show low wear rate
keeping smooth and hard surfaces during sliding in
distilled water. Therefore, it may be concluded that
silicon carbide is a candidate material in addition to
alumina that has been applied to ceramic on ceramic
total hip prostheses.

It is likely that decrease of hardness after the test in
bovine serum is due to formation of soft surface film.
As bovine serum includes proteins and phospholipids,
they are adsorbed by the ceramic surface. The surface
film contributes to boundary lubrication and reduction
of wear. As synovial fluid includes proteins and pho-
spholipids as well as serum does, surface film will be
formed in a ceramic on ceramic joint prostheses in
clinical use. The boundary lubrication promoted by the
surface film will reduce wear in total joint prostheses.

Conclusions

Wear properties of nominally flat ceramic surfaces
are investigated for alumina, zirconia, silicon nitride
and silicon carbide. The conclusions are as follows.

(1) Among the four ceramics, alumina and silicon
carbide can be applied to ceramic on ceramic joint
prostheses because they keep low wear rate, smooth
surface and high hardness during sliding in water
environments.

(2) Surface film formed on the ceramic surface may
contribute to boundary lubrication in a ceramic on
ceramic joint prostheses.
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