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|(54) Title: SINTERED COATINGS FOR IMPLANTABLE PROSTHESES

- {57) Abstract

" A sintered coating (13) for an implantable prosthesis (10) is provided having 1) interstices into which tissue or bone can
grow, and 2) increased surface roughness which provides enhanced initial press-fit fixation. In certain embodiments, the coating
includes at least two sets of particles (46, 48) having different mean diameters. The sizes and numbers of particles are chosen so
as to produce a matrix of smaller particles (48) in which are embedded a lesser number of spaced-apart larger particles (46). The
' smaller particles (48) provide support for the larger particles (46), and the larger particles (46) stand proud of the smaller particles
| (48) to provide the enhanced surface roughness. In other embodiments, the coating includes both gene.rally smaller spherically-
shaped (SS) particles and generally larger non-spherically-shaped (NSS) particles, with the NSS particles providing enhanced

| surface roughness and the SS particles providing support for the NSS particles.
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INTERED COATINGS FOR IMPLANTABLE PROSTHESES

SINTERED COATINGS FOR IMPLANL

ACKGROUND OF THE INVENTION

BACKGROUND OF 1Hx JHNVLINL LN

1. Field of the Invention

such prostheses.

2. Description of the Prior Art
For at least the past twenty Yyears, implantable

prostheses have been coated with metal particles sO as
to provide a surface 1into which bone or tissue can
grow. Such coatings have been applied by plasma spray
and/or sintering. See, for example, Hahn, U.S. Patent
No. 3,605,123 and Pillier, U.S. Patent No. 4,206,516.
As a general rule, plasma spray coatings have a
smaller void space than sintered coatings and thus are
somewhat less preferred.

At present, a number oI sintered coatings are 1n
commercial use. The particles employed 1in these
éoatings are normally selected by sieving. They thus
have a single-mode distribution about a mean diameter

value. Typically, the mean value has been 1in the
range from about 0.006 inches (150 microns) to about
0.040 inches (1000 microns). The breadth of the

distribution about the mean will depend upon the
sieves used to select the particles.

Sintered coatings of this type have been used in
both single layer and multi-layer constructlions.
Also, they have been applied to prostheses having both
smooth and stepped outer surfaces. See, for example,

Noiles, U.S. Patent No. 4,790,852.
One of the problems with the existing sintered

coatings has Dbeen that relatively low levels oI
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surface friction exist at the interface between the coating and
the bone. Moat prosthases are implanted by press fitting into a
prepared cavity in the patient’s bone. A high level of friction
at the coating-bone interface is thus desirahle because it helps
provide a more stable initial fixation of the prosthesis in the
prepared cavity. An initial stable fixation of the prosthesis
has baen found to increase the likalihood of bone ingrowth.

SUMMARY OF THE INVENTION

Accoxrding to one aspect of the invention, there 1is provided
a prosthesis for implantation in a body having an outer surxface
at least a portion of which has a sintered coating comprising
metallic particles having a size distribution which a) is not
unimodal and b) is at least bimodal such that the sixze
distribution includas at least two discernible peaks, one of
which corresponds to smaller parxticles and the other of which to
larger particles, wherein the coating comprises less than two
completa layers of particles and wherein (i) the smaller
particles form a matrix in which the larger particles are
distributed, (ii) the largerxr particles are spaced apart from one
another and project above the matrix, and (iii) there are sin-

tered junctions betwean the larger particles and the smaller
particles.

According to a further aspeot of the inméion, there is
providad a prosthesis for implantation in a body having an outer
surface at least a portion ¢f which has a sintered coating, said
coating having a maximum thicknesas and camprising metallic
particles having a size distribution which a) is not unimodal
and b) is at least bimodal such that the size distribution
includes at least two discernible peaks, one of which corre~
sponds to smaller particles and the other of which to larger
particles, whaerein the smaller particles exist on the outer

- surface in substantially a single layer and the lazger particles
define the maximum thickness of the coating.
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In certain embodiments, the particles making up the coating
are substantially spherically-shaped, that is, their cross-
sections are substantially circular. For easa of reference,
such substantially spherically-shapad particles will be referred
to herein and in the claims as simply “apherically-shaped
particles” or as “"S8S particlesa.”

In other embodiments, some of the particles are
spherically-shaped while others have an irregqular shape like
that of grains of table salt. Thasae particles are substantially
aspherical, somatimes acicular, e.g., the particles may have
cross—-sections which are rhaombic in form. For sase of
refexrence, the irroqularly-sbz@ed pazrticles will be referred to
herein and in the claims as "non-spherically-shaped particles”
or as “NSS particles.” The above dafinition of the diameter of
a particle is applicable to coatings containing only SS
particlea. When the coating contains both SS and NSS particles,
the diameter of a particle is then defined as the diameter of
the smallest hole through which the particle may pass.

In accordance with the invention, it has been found that
the use of amaller SS particles mixed with generally larger NSS
particlaes provides a stronger sintered bond strength between the
particles and the substrate than is cbtained by the usgse of
smaller NSS particles mixed with larger NSS particles. That is,
the use of SS particles is important to the effectiveness of the

invention.

When SS and NSS particles are used, at leaat one of the |
peaks of the at least bimodal size distribution corresponds to
SS particles while at least another of the peaks of the at least
bimodal size distribution corresponds to NSS particles. For a
gize distribution having 3just two discernible peaks, i.e., a

bimodal distribution, the smaller mean diameter preferably
corresponds to the 8S particles and the larger mean diameter

preferably corresponds to the NSS particles. For a size
distribution having more than two |
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discernible peaks, i.e., a multimode distribution,
there is preferably at least one peak corresponding to

SS particles whose mean diameter is smaller than the
smallest mean diameter of any of the  peaks
corresponding to the NSS particles, that 1s, there are
preferably SS particles which are smaller than the NSS
particles so that the SS particles can provide support
for the NSS particles on the surface of the
prosthesis.

The at least bimodal size distribution 1is
preferably achieved by mixing together at least twoO
sets of sieve-selected particles having different mean
diameters. In general, it 1is preferred to select
amounts of particles from the at least two sets So
rhat the final distribution of particles i1includes more
small particles than large particles. For example,
for a coating made from two sets of sieve-selected
particles, the ratio of the number of small particles
td the number of large particles in the final
distribution is preferably in the range from about 4:1
to about 40:1. When a combination of SS and NSS
particles is used, the final distribution of particles
can include approximately egual numbers of small and
large particles. For example, the range orf SS to NSS
particles (SS:NSS) is preferably from about 1:1 TO
about 20:1.

When S8S and NSS particles are used, the
advantages of the invention can be achieved even
though the mean diameters of the SS and NSS particles
are approximately equal. Accordingly, for these
embodiments, the size distribution of the particles
making up the coating need not be at least bimodal as
in the case when only SS particles are used.

The particle mixture of the invention is applied
to a prosthesis using the conventional techniques
employed with single-mode particle distributions.
Accordingly, the invention can be readily put into

PCT/US93/02008
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practice with essentially no changes to existing

manufacturing techniques, which represernts an

important advantage of the invention.
In certain preferred embodiments, the particles

are applied in substantially a single layer. 1In other
preferred embodiments, the single layer is appliled toO

a prosthesis having a stepped outer surface.
In practice, it has been found that prostheses

coated with SS particles having size distributions of
the type disclosed herein have significantly higher '
levels of surface friction in comparison to prostheses
coated with similar particles having a single-mode
distribution. The combination of SS and NSS particles
has been found €O 'produce even higher 1levels of

surface friction.

The accompanying drawings, which are incorporated
in and constitute part of the specification,
illustrate the preferred embodiments of the invention,
and together with the description, serve LO explain
the principles of the invention. It 1is to be
understood, of course, that both the drawings and the
description are explanatory only and are not
restrictive of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A, 1B, and 1C are schematic diagrams

illustrating typical constructions of prior art

coatings.
Figures 2A, 2B, and 2C show particle size

distributions for the constructions of Figures 1A, 1B,

and 1C, respectively.
Figures 3A, 3B, and 3C are schematic diagrams

illustrating representative constructions of coatings

prepared in accordance with the invention.
Figure 4 is a plan view of the coatings of

Figures 3B and 3C.
Although SS particles have been used for purposes

of illustration in Figures 3 and 4, 1t is to be
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understood that the diagrams also  apply to

combinations of S8S and NSS particles. In such

embodiments, the larger particles shown in the figures

are preferably NSS particles and the smaller particles
5 are preferably SS particles.

Figure S5 shows the particle size distribution for
the coatings of Figure 3. As discussed above, for
embodiments employing SS and NSS particles, both the
mean diameter wvalues (d) and the particle number

10 values (n) for the two types of partiéles can be less
disparate and in some embodiments either or both of
rhese values can be substantially the same, 1.e., Ngg
can be approximately equal tO IDygg and/or dgq Can be
approximately equal toO dNSS’

15 Figure 6 shows an acetabular cup employing  a
coating of the invention.

Figure 7 is an expanded view of a portion of the
surface of the acetabular cup of Figure 6.

Figures 8 and 9 are photomicrograpis showing a

20 coating prepared in accordance with the invention and
having SS and NSS particles. The magnification in
Figure 8 is 20X while that in Figure 9 is 40X.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

As described above, the present invention relates

25 to an improved sintered coating for implantable
prostheses. The invention can be applied to all types
of metal prostheses now Kknown Or subsequently
developed, including, for example, hip and knee joilnt
replacement prostheses. As an example, Figure 6 shows

30 an acetabular cup 10 having a body 12 and a coating 13
constructed in accordance with the inventilon.

The sintered metal coating is composed of a

biocompatible metal, such as, pure titanium, a
titanium alloy (e.g., Ti 6Al 4V; ASTM-F136), or a
35 cobalt-chromium alloy (ASTM-F75). Typically, the

metal coating will have the same composition as that
of the underlying prosthesis.
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The coating is applied to the prosthesis using
conventional sintering techniques KXnown in the art.
The sintering is performed 1in a high temperature

vacuum furnace. The particles are applied to the

5 prosthesis in a binder which is volatilized during the
sintering process. Various companies provide coating
services for metal prostheses which can be used in the
practice of the invention, including Bio-Vac 1IncC.
(Southfield, Michigan), Hy-Vac Technologies, Inc.

10 (Detroit, Michigan), and Astro Met, Inc. (Cincinnatil,

Ohio) .
I. SS/SS Coatings

Tn accordance with certain embodiments of the

invention, rhe surface c¢i the coating is made
15 irregular through the use of SS particles having at
least a bimodal size distribution (referred tO hereln

+s an "at least bimodal SS/SS coating" or simply an

"gg/SS coating"). Preferably, trhe bimodal size -
distribution is obtained by forming a mixture of at
20 Jeast two sets of sieve-selected particles having

different mean diameters. The mixture is then used tO

coat the prosthesis.
The mean diameters for the at least two sets of

particles and the numbers of particles from the sets

25 are chosen so that 1) the final surface has
spaced apart larger particles embedded in a matrix of
maller particles, and 2) the larger particles stand

proud of the smaller particles. The spaced-apart
larger particles prov1de the desired roughness for the

30 final surface. The smaller particles provide Support
for the larger particles sO rhat the larger particles

can resist the shear forces encountered during

implantation and use of the prosthesis.
Tn contrast, if SS particles having a single-mode

35 distribution were used to form a spaced-apart pattern
having the same degree of roughness, the result would

be a surface coating having many particles standing
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alone and therefore having only one point of
integration with the prosthesis. Such isolated
particles would have low shear strength and would Dbe
unsuitable for implantation in the  body. The
provision of a matrix of smaller particles solves this
problem by providing numerous points of integration
for each of the particles, i.e., both the smaller and
the Jlarger particles. The result 1s a strong,
integrated coating having high  shear strength.
Moreover, the combination of at 1least two sets of
particles produces a surface having numerous voids
into which bone or tissue can grow.

Although the invention can be practiced with more
than two sets of particles, for most applications a
two set system will Dbe adequate. To achieve 1)
spaced-apart larger particles in a matrix of smaller
particles and 2) larger particles standing proud of
smaller particles, the larger partilcles for a two set
system will generally have a mean diameter in the
range of from about 2 to about 7 times the mean
diameter of the smaller particles. Also, the number
of smaller particles will be generally between about 4
and about 40 times the number of larger particles.

Furthermore, to insure that the larger particles
stand proud of the smaller particles, the coating
thickness should at most be a few layers and
preferably should approach a single layer. Along
rhese same lines, a stepped surface is preferred since
the steps provide additional points of integration for
the particles  and contribute to the overall
irregularity (roughness) of the final surface.

In practice, a mixture of equal measured volumes
of 1) particles having a mean diameter of
approximately 0.010 inches (250 microns), and 2)
particles having a mean diameter oOf approximately
0.025 inches (630 microns), both determined Dy
sieving, has been found to work successfully. Fror the
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particular particles used, the diameter range for the
smaller particles was between about 0.007 inches (180
microns) and about 0.013 inches (330 microns), and the
distribution for the larger particles was between

5 about 0.017 inches (430 microns) and about 0.028
inches (710 microns).

In terms of particle numbers, 1& comparable
packing cqnfigurations are assumed for the two sizes,
the equal volumes correspond to a smaller particle to

10 larger particle ratio of approximately 16:1. The use
of particles of this type 1in a substantially single
layer on a stepped surface has been found to result in
a2 surface roughness substantially greater than that
achieved with a single mode distribution of particles

15 having a mean diameter anywhere in the range from
about 0.010 inches (250 microns) to about 0.040 inches

(1000 microns).

TI. SS/NSS Coatings

Tn accordance with other embodiments of the
20 invention, +rhe surface of the coating 1s made
irregular through the use of both SS and NSS particles
(referred to herein as an "SS/NSS coating"). Coatings
of this type can be applied to the surface of a
prosthesis in single layer  OX multiple layer

25 configurations.

As with the coatings employing only SS particles,
the coatings- employing SS and NSS particles can have
an at least bimodal distribution and that distribution
can be obtained by forming a mixture of at least two

30 sets of sieve-selected particles having different mean
diameters. Alternatively, the distribution can Dbe
substantially unimodal, although still formed Dby
mixing two sets of sieve-selected particles, with omne
set being of S8S particles and the other of NSS

35 particles.

‘The SS particles of an SS/NSS coating provide

support for the NSS particles. They thus perform a
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similar function to that performed by the smaller
particles of an at least bimodal SS/SS coating. In
conformance with that function, the SS particles of an
SS/NSS coating preferably have a mean diameter which
5 is at least somewhat smaller than the mean diameter of
the NSS particles. The difference in mean dilameters,
however, need not be so large as to result 1n Etwo
distinct peaks on a particle size distribution plot,
although, if desired, the difference may be so large.

10 Since the NSS particles inherently provide
surface roughness because of their non-spherical
shape, the NSS particles of an SS/NSS coating need not
be spaced-apart like the larger SS particles of an at
least bimodal SS/SS coating. Accordingly, the numbers

15 of SS and NSS particles in an SS/NSS coating need not
be as disparate as in an SS/SS coating and in the
preferred embodiments of the invention, the numbers of
SS and NSS 'particles are substantially equal in the
final coating.

20 Because SS particles tend to adhere and integrate
into the coating more readily than NSS particles
during the coating process, such substantially equal
numbers of SS and NSS particles can be achieved by
beginning with an unequal mixture of particles. For

25 ' example, to achieve a 50:50 mixture in the final
coating, it has been found preferable to apply a 70:30
(NSS:NS) mixture to the surface of the prosthesis
which 1s to be coated. More generally, for any
desired NSS:NS ratio in the final coating, a somewhat

30 large ratio is preferably used in the mixture which 1is
applied to the prosthesis to take account of the
difference in adherence/integration of NSS particles
compared to SS particles.

The NSS particles can be manufactured by various

35 techniques suitable for forming irregular particles.
For example, for particles composed of titanium, 6 Al,
4V (ASTM F-136), the desired irregular shape can Dbe
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obtained by ball milling rhe material after it has
been hydrogen embrittled, 1.e., subjected to &
hydride-dehydride process. The particles are then
vacuum annealed to reestablish the F136 chemistry.
5 processing of this type is available from various
companies including powder Alloy Corp (Cincinnati,

Ohio) .
Figures 8 and 92 are photomicrographs showing an

gg/NSS coating having NSS particles prepared 1n

; 10 accordance with  the foregoing  procedure. In

fi particular, the NSS particles had a nominal size ranyge

of from 0.0098 inches (250 microns) to 0.0234 1nches

(600 microns) as defined DY -30 +60 mesh sieve

analysis. The SS particles wused tO prepare this

g 15 coating had a nominal size range from 0.0083 1inches

}_;'Eff , (210 microns) to 0.0038 inches (250 microns) as

defined by -60 +70 mesh sieve analysics. These SS
particles were composed of titanium (ASTM F67) .

The two particle types Werc mixed together 1n

20 approximately a 70:30 ratio (NSS:SS) by volume and

then applied tO the sample "surface, with a resulting

approximately 50:50 ‘particle type mixture on that

surface. As shown in Figures 38 and 9, the coatilng
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mixture was applied in a single layer, although a

using a heating cycle that gave a 25 MPa minimum shear
strength and tensile strength when measured DYy the
ASTM 1044 and 1147 methods.

30 The roughness of the surface produced through the
use of SS and NSS particles is evident from the

photomicrographs of Figures 8 and 9.

TTI. The Bimodal Size Distribution
The differences between the particle distribution

35 for the at least bimodal coatings of the invention
(whether of the SS/SS or ot the SS/NSS type) and the
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particle distributions for prior art coatings 1s
illustrated in Figures 1 through 5.
Figure 1 shows cross-sectional views through
typical coatings wused 1n the prior art. More
5 particularly, Figure 1A shows a multi-layer
construction 20 using relatively fine particles 22,
e.g., particles having a mean diameter of about 0.006
inches (150 microns), Figure 1B shows a multi-layer
construction 24 using somewhat larger particles 26,
10 e.g., particles having a mean dlameter 1in the range
from about 0.025 inches (630 microns) to about 0.040
inches (1000 microns), and Figure 1C shows a single
laver construction on a stepped prosthesis surface 30
using particles 32 having a mean diameter of about
15 0.010 inches (250 microns).

Representative plots of number of particles (n)
versus particle diameter (d) for the constructions of
Figures 1A, 1B, and 1C are shown in Flgures 2A, 2B,
and 2C, respectively. As shown therein, each of the

20 distributions is single-moded, i.e., each distribution
has one discernible peak.

Figure 3 shows <cross-sectional views througn
representative coatings constructed in accordance wilth
the invention using two sets of sieve-selected

25 particles having different mean diameters. In
particular, Figure 3A shows a single-laver
construction 34 on a prosthesis having a smooth outer
surface 36, Figure 3B shows a single-layer
construction 38 on a prosthesis having a stepped outer

30 surface 40, and PFigure 3C shows a multi-layer
construction 42 on a prosthesis having a stepped outer
surface 44. Figure 4 shows a plan view of the coating
13 for the constructions of Figures 3B and 3C. It
should be noted in each of these figures that the

35 distribution of the larger particles 46 within the
matrix of the smaller particles 48 is substantially
random.
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Figure 5 is a plot of number of particles (n)

versus particle diameter (d) forx the constructions of

Figure 3. As shown in this figure, the distribution
is bimodal, i.e., there are two discernible peaks in
this figure. It should be noted that although the
valley between the peaks in this figure drops to zero,
in general, the distributions IoOr the two sets can
overlap so that the valley need not go all the way tO
ze.ro. Also, if more than two sets of particle sizes
are used, the n versus d plot will have more than two

peaks.
T+ should be noted that for SS/NSS coatings, the

single layer, multi-layer, and stepped outer surface
embodiments shown in Figures 3 and 4 can be used fOr
particle distributions which are substantially

unimodal, i.e., for particle distributions which are

not at least bimodal.

IV. Stepped-Surface Prosthesis
As discussed above, the coatings of the invention

whether of the SS/SS or the SS/NSS type can be used
with prostheses having stepped surfaces. Figure 7
shows a preferred construction for the stepped surface
of Figure 3C when used on a spherically-shaped cup of
the type shown in Figure 6.

As illustrated in this figure, the

cross-sectional shape of each step 50 is oriented

similarly relative to a radial line 52 emanating from

the center 54 of the sphere 56. This construction

2llows all of the steps to have a similar shape
irrespective of thelr azimuthal location on the
gurface of the sphere. Tt also reinforces the
adherence of the coating to the prosthesis when
implanted in bone since the forces between the Dbone
and the coating tend to drive the particles into the
corners 58 of the steps. Preferably, the steps have
azimuthal spacings 60 and radial depths 62 on the
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order of 2.5 millimeters or less and 1.0 millimeters

or less, respectively.
A variety of modifications which do not depart
from the scope and spirit of the invention will De
5 evident to persons of ordinary skill in the art from
the disclosure hereiln. The following claims are
intended to cover the specific embodiments set forth
herein as well as such modifications, variations, and

equivalents.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PRIVILEGE OR PROPERTY IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A prosthesis for implantation in a body having an outer
surface at least a portion of which has a sintered coating
comprising metallic particles having a sixe distribution which
a) is not unimodal and b) is at least bimodal such that the
sizZe distributién includes at least two discernible peaks, one
of which corrasponds to smaller particles and the other of
which to larger particles, wherein the coating comprises less
than two complete layers of particles and wherein (i) the
smaller particles form a matrix in which the larger particles
are distrxributed, (ii) the larger particles are spaced apart
from one another and project above the matrix, and (iii) there

are sintered junctions between the larger particles and the

smaller particles.

2. The prosthesis of claim 1 wherein the portion of the outer
surface which has the sintered coating is stepped.

3. The prosthesis of claim 1 or claim 2 wherein the coating
COMPIrises nubséantially a single layer of particles.

g. The prosthesis of claim 1 wherein the ratio of the nean
diameter of said smaller particles to the mean diameter of said

larger particles is predetermined.

5. The prosthesis of clainm 4 wheXein the predetermined ratio is
between about 2:1 and about 7:1.

6. The prosthesis of claim 5 wherein the predetermined ratio is
about 2.5:1.0.
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7. The prosthesis of any one of claims 4 to 6 wherein the mean
diameter of said larger particles is about 630um and the mean
diameter of said smaller particles is about 250um.

8. The prosthesis of claim 4 wherein the ratio of the number
of smaller particles to the number of larger particles is
baetween about 4:1 end about 40:1.

9. The prosthesis of claim 8 wvherein the ratioc is about
16:1.

10. The prosthesis of claim 4 wherein the coating is formed
by mixing together equal volumes of the smaller paxticles and
the larger particles.

11. A prosthesis for implantation in a body having an outer
surface at least a portion of which has a sintered coating,

said coating having a maximum thickness and comprising
metallic particles having a size distrxibution which a) is not
unimodal and b) is at least bimodal such that the size
distribution includes at least two discernible peaks, one of
which corresponds to smaller particles and the other of which
to laxrger particles, wherein the smaller particles exist on
the outer surface in substantially a single layer and the
larger particles define the maximum thickness of the coating.

12. The prosthesis of claim 11l wherein the ratio of the mean
diameter of said smaller particles to the mean diametar of

said larger particles is predetermined.

13. The prosthesais of claim 12, wherein the coating is
formed by mixing together egqual volumes of the amallex and
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larger particles.

14. A prosthesis for implantation in a body having an outer
surface at least a portion of which has a sintered coating
comprising less than two complete layers of particles end at
least two sets of metallic particles one of said at least two
sets being composed of spherically-shaped particles and
another of said at least two sets being composed of non-

spherically-shaped particles.

15. The prosthesis of Claim 14 wherein the porxtion of the
outer surface which has the sintered coating is stepped.

16. The prosthesis of Claim 14 or Claim 15 wherein the
coating comprises substantially a single layer of particles.

17. The prosthesis of any one of Claims 14 to 16 wherein
there are sintered junctions betwean the spherically-shaped
particles and the non-spherically-shaped particles.

18. The prosthesis of anyone of Claims 14 to 17 wherein the
set composed of spherically-shaped particles has a smaller
mean diameter than the mean diameter of the set composed of
non—-spherically-shaped particles.

19. The prxosthesis of any one of Claims 14 to 17 wherein the
at least two sats of metallic particles have a size
distribution which a) is not unimodal and b) is at least
bimodal such that the size distribution includes at least two

discernible peaks.

20. The prosthesis of any one of Claims 14 to 18 wherein the
diameters of the spherically-shaped particles are in the range
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from about 210um to about 250um end the diameters of the
non-spherically-shapad particles are in the range from about
250pm to about &600um.

21 . The prosthasis of any one of Claims 14 to 20 wherein the
ratio of the nunbear of spherically-shaped particles to the
number of non-spherically-shaped particles is betwasn about
1:1 and about 20:1.

22. The prosthesis of any one of Claims 14 to 20 wherein the
ratio of the number ¢of spherically-shaped particles to the
numbex of non-spherically-shaped particles is approximately
1:1.

23. The prosthesis of any one of Claims 14 to 20 wherein the
coating is formed using a mixture of a volume of

spherically—-shaped particles and a volume of
non-spheaerically-shapad particles, the volume of non-
spherically~shaped particles being greater than the volume of

spherically-shapaed particles.

24. The prosthesis of Claim 23 wherein the ratio of the volume

of non-spherically—-shaped particles to the volume of
spherically-shaped particles is approximately 70:30.
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