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B8 cT E DISCLOSURE
A prosthetic device having a polyarytetherketone component
with a wettable surface is disclosed. The sufface of the polyaryletherketone
component has a surface chemistry which efhances the ability of tissues to

5 grow directly thereon. An associated method|{for enhancing the wettability of

i a prosthetic device Is also disclosed.

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31




31/03 "03 MON 18:21 FAX 61 3 9288 1567 FREEHILLS CARTER SMITH B @ oos
i

i
}
|
:

AUSTRALIA ol
Patents Act 1990
COMPLETE SPECIFICATION
STANDARD PATENT
|
Invention Title: Prosthetic device having a polyargt'letharketone, component
with enhanced wetability and & method for making the

The following statement Is a full description of this inventlon, including the best
method of performing it known to us:
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TECHNICAL FIELD OF R
The present disclosure relates géneratly 10 prosthetic devices,
. {

and more particutarly to prosthetic devicas hav{lng a polyaryletherketone

R

component with enhanced wettability. |

BACKGROUND

Materials used to fabricate prpsthetic devices, such as an

VR el o

orthopedic implant, need to possess cena!in mechanical and chemical
properties in order to function and exist in conlam with the biological tissue of
15 a living organism. For example, these materials should possess the
appropriate mechanical/chemical properties sojthey do not induce undesirable
reactions in the body such as blood clotting, ftissue death, tumor formation,

i
allergic reaction, foreign body reaction (rdjection), and/or inflammatory

reaction. In addition, the materials used to fabricate prosthetic devices should

20 posses the appropriate strength, elasticity, permneability, and fiexibifity in order

for the prosthetic device to function propehy for its intended purpose.
1

Moreover, it is desirable that these materiétls {l) sterilize easily and (i}

substantially maintain their physical properties| during the time the prosthetic

device remains in contact with the biological tissue.
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There are a number of materials currently available which possess one or more of the
above described characteristics. Accordingly, these materials can be utilized for fabricating
prosthetic devices. However, a drawback to some of these materials is that they do not present a
surface which is well suited for direct tissue growth (e.g. bone) onto or into the prosthetic device.
As such, prosthetic devices fabricated from these materials have a decreased ability to form a
suitably stable mechanical unit with the neighboring tissues (e.g. bone). Therefore, these prosthetic
devices can become loose or unstable relative to the neighboring tissue which can result 1o in the
device functioning less efficiently or not functioning at all. A loose or unstable prosthetic device can
also induce an excessive tissue response and cause the patient discomfort and pain. Finally, a
loose prosthetic device is deemed to have failed, and thus has to be surgically removed which
further burdens the patient.

Accordingly, in light of the above discussion, a material for fabricating a prosthetic device
which addresses the above described drawback is needed.

It is not admitted that any of the information in this specification is common general
knowledge, or that the person skilled in the art could be reasonably expected to have ascertained,
understood, regarded it as relevant or combined it in anyway at the priority date.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a prosthetic
device, comprising a polyaryletherketone component, wherein (i) said polyaryletherketone
component has a surface and (ji} said surface has a wetability such that a contact angle of a bead
of water positioned on said surface has a value less than 78°.

In accordance with a second aspect of the present invention, there is provided a prosthetic device,
comprising an orthopaedic implant having a polyaryletherketone component, wherein (i) said
polyaryletherketone component has a surface and (ji) said surface has a wetability such that a
contact angle of a bead of water positioned on said surface has a value less than 78°.

In accordance with one exemplary embodiment, there is provided a prosthetic device. The
prosthetic device includes a polyaryletherketone component. The polyaryletherketone component has a
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surface, and the surface has an tissuégenically effective amount of
sulfonation theraon.

In accordance with another ekemplary embodiment, there is

provided a prosthetic arrangement for implanting in the body of a patient. The

s prosthetic arrangement includes an orthogedic implant device having a
polyaryletherketone component. The polyarjletherketone component has a
surface, and the surface has an tissuefenically effective amount of

sulfonation therson.

In accordance with yet another exemplary embodiment, there is

1

1
! 10 provided an orthopedic device. The dﬂhopedic device includes a
polyaryletherketone component. The polyar)}letherketone component has a

surface, and the surface has an tissuei;enically effective amount of
sulfonation thereon. i‘

In accordance with still another 4xemplary embodiment, there is

15 provided a method of preparing a érosthetic device having a

polyaryletherketone component. The method includes (a) contacting a

surface of the polyaryletherketone componentiof the prosthetic device with a

sulfonation agent and (b) suifonating the suréace of the polyarlyetherketone

component. l

20 in accordance with yet another ekemplary embodiment, there Is

provided a prosthetic device having a pélyaryletherketone component

prepared by subjecting the polyaryletherketole companent to a sulfonation

reaction.
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In accordance with still another exemplary embodiment, there is provided a method of
preparing a prosthetic device which includes a polyaryletherketone component having a surface.
The method includes reacting the surface of the polyaryletherketone component of the prosthetic

device with a chemical so that the wetability of the surface is increased.

The above and other features of the present disclosure will become apparent from the
following description and the attached drawings.

As used herein, except where the context requires otherwise the term “comprise”, and
variations of the term, such as “comprising”, “comprises” and “comprised”, are not intended to
exclude other additives, components, integers or steps.
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BRIEF DESCRIPTION OF THE DRAWINGS

The detaited description paxﬁcu!ady refers to the accompanying

|
figures in which: !

FIG. 1 depicts an Energy-Diserslve X-Ray Analysis spectrum

5 of a polyaryletherketone sampie prior to be;:ing subjected to a sulfonation

reaction; !

| .
FIG. 2 depicts an Energy—Dispe{rslve'x-Ray Analysis spectrum

X F N

of a polyaryletherketone sample after being subjected o a sulfonation
reaction neutralized with calcium hydroxide; al%ld
10 FIG. 3 depicts an Enargy-Disersive X-Ray Analysis spectrum

of a polyaryletherketone sampie after beidg subjected to a sulfonation

e A .

redction neutralized with potassium hydroxide.

DETAILED DESCRIPTION OF THE DISCLOSIURE

15 The present invention relates [0 prosthetlc devices having
enhanced wettability and methods of making the same. The prosthetic
devices described herein can be utilized as entioprosthetic devices configured
to be implanted within the body of a patient. In particular, the prosthetic
devices described herein can be utilized as drthopedic devices, such as an

20 orthopedic implant of any type, condition, shape, or configuration. For
exampte, these orthopedic implants may be| ulilized in a number of joint
replacement or repair procedures such as surgical procedures associated

with the hip, shoulders, knees, ankies, knuckleg, or any other jpint.
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It should be approciated that the prosthetic devices described
herein include a polyaryletherketone component. It should aiso be
appreciated that only a portion of the prosthétic device can be .made from the
polyaryletherketone component, or the entiré prosthetic device can be made

5 from the polyaryletherketone component. | What is meant herein by a
polyaryletherketone compenent s that the epmponent Includes one or more
polymers from the polyaryletherketone family, including, but not fimited to, a
polyaryletherketone which contains repeating units of the following general

formula:

[ S

i
where A is a direct fink, a sulfur atom, a di\yalent hydrocarbon radical or a
group —Q—(Ar—Q"), in which Q is —CO—, -j—soh or—0—, Q' is ~0—,
]
and Ar is a divalent aromatic radical and n is 0,1, 2 0r3. In particular, the

15 polyarylstherketone can contain repsating units of:

/' N ol o
_ \ _/

and/or of
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Polyaryletherketones which can be utilized in the present

-y

invention are described in United States Patent 4,320,224 which is
5 incorporated herein by reference. in addition, pclyaryletﬁerketones which can
be utilized in the present invention are commercially available from Victrex
pic, lucated in Lancashire, England. For exaple, a polyaryetharstherketone
(also known as PEEK™) having the oxy-1,4-phenylene-oxy-1,4-phenylene-
carbonyl-1,4-phenylene repeat unit, which{ is shown again below, is
10 commercially available from Victrex plc,‘ in vayious grades (e.g. 450G, 381G,

and 150G)

B etes

it should be appreciated that a frosthetic device of the present
15 Invention is subject to @ chemical reaction which increases #s “wettability”.
What is meant herein by “wettability” is the abflity of a solid surface (2.g. the

surface of the polyaryletherketone component) to be wetted when in contact

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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with a liquid (e.g. water); that is the surface tension of the liquid is reduced so

the liquid spreads over the surface. In| particular, a surface of the

polyaryletherketone component of the prosthetic device Is reacted with a

chemical so that the wettability of the surfade is increased. (Note that, as
|
5 used herein, the term “surface” includes the interior surface of pores or

cavities defined in the prosthetic device. In particular the interior surface of

T

pores or cavities defined in the polyaryletherketone component of the

prosthetic device.) For example, the surfice of the polyaryletherketone

component of the prosthetic device can be reatted with a chemical 5o that the

i 1o hydrophilicity of the surface is increased.| What is meant herein by
3 “hydrophilicity” is a measure of the affinity of the solid surface {e.g. the surface
of the polyaryletherketone component) for attracting, adsorbing, or absorbing

water,

The increase in the wettabflity of the surface of a

15 polyaryletherketone component as a resuit of| the aforementioned chemical

reaction can be measured by any known appropriate technique. For example,

one technigue for measuring the increase in wettabiiity of the sutface of the
polyaryletherketone component is to measure the contact angle 6 of a bead of

liquid (e.g. water) at the interface of the bead ¢f liquid and the surface of the

20 - polyaryletherketone component. For exarnple.ithe lower the contact angle 8

of a bead of water at the interface of the bead ¢f water and the surface of the

polyaryletherketone component, the greater th:a wettability of the surfaca of

the polyayletherketone component.  Preférably, the surface of the

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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golyaryletherketone compenent of the prosthetic device is reacted with a
chernical so that the contact angle of a bead| of water at the interface of the
bead of water and the surface of the polyarfetherketone component is less

than 78°. For example, after increasing the wettabiiity of the surface of the

polyaryletherketone component, it is prefefable that the aforementioned

|
contact angle between the bead of water and !the surface is within a range of

e

about 77° to about 40°. For example, contac{ angles within a range of about

60° to about 40° are paricularly desirable.| However, it should also be

appreciated that contact angles between a bead of water and a surface of a
4

polyaryletherketone componerit which are ies;s than about 40°, for example

Ty

less than about 30°, are even more prefersjble as long as the wéhability
increasing process the surface of the polyhryletherketone component is
subjected to satisfies the criteria discussed below,
Now turning to the above discusded chemical reaction, it should _

be appreciated that any appropriate reaction which chemically alters the

surface of the polyaryletherketone component

can be utilized. However, it shouid also be

alteration of the surface of the polyaryietherk

adversely affect, to any significant degree, its

BO as to increase its wettability
appraciated that the chemical
etone component should not

ability to be implanted in the

20 body of a living organism, such as a human palient. In other words, after the

chemical alteration the polyaryletherketone component should be

“biocompatible™. As used herein, the polyaryletherketone component is

characterized as being "biocompatibie” if it is capable of functioning or existing

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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in contact with biological fiuid and/or tissue of a living organism with a net
beneficial affect on the living organism. Injaddition, the above described
chemical alteration should not adversely affedt, to any significant degree, the
desirable chemical and/or mechanical propetties of the polyaryletherketone
s component. For example, the chemical alferation should not erode the

surface of the polyaryletherketone to any signi'}'rcant dagree.

e

One method of increasing the wettability-of the prosthetic device
is to react the surface of the polyaryletherketdne component with a chemical
so that polar functional groups are disposed dn the surface. The greater the

10 number of polar groups disposed on the surfage, the greater the wettability of

N ) B L

the surface. These polar functional groups ckn be disposed on the surface
via the formation of covalent bonds between the polar functional groups and
chemical groups present on the surfacd of the polyaryletherketone
component. However, any other appropriate| chemical bonding mechanism

15 (e.g. ionic) can be utilized to dispose the golar functional groups on the

component surface as long as the bondrng mechanism satisfies the

aforementioned criteria of increasing the isurface wettability while not
adversely affecting, to any significant degree, #e component’s (i) ability to be
implanted into 2 living body and/or (ii) its mechl ical properties.

20 The above discussed wettabili\;i enhancing chemical reaction
can be performed on the assembied | sthetic daevice orv on the
polyaryletherketone components prior to assefrbly into the prosthetic device.

. In addition, the wettability enhancing chemlcai reaction can be performed on

|
!
i

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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polyaryletherketones in various physical states, inciuding but not limited to,

polyaryletherketone resins used to fabritate the polyaryletherketone

component, polyaryletherkétone composites used to .fabr‘iéate the

polyaryietherketone component, and porous | polyaryletherketone structures
s used to fabricate the polyaryletherketone component.

i An example of one chemical reéaction which can be used _tb
increase the wettability of the prostrluetic device while satisfying the above
discussed criteria is sulfonation. What is meant herein by suffonation is the
substitution of ~SOzH groups from a sulfonatjon agent for hydrogen atorns.

10 For example, the sulfonation of the surfdce of a polyaryletherketone

component which includes the repeating unit

Cuomam AL aia. -

o0,
can be illustrated by the following equation:
1000

| e

COMS ID No: SMBI-00201293  Received by IP Australia: Time {H:m) 17:35 Date (Y-M-d) 2003-03-31
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and salts thereof. Examples of sulfonation agents which can be utilized in the

above illustrated equation include, but are not limited to, sulfuric acid (> 95

%), fuming sulfuric acid, and sulfur trioxide.

The sulfonatian of a surface of a polyaryletherketone component

5 can be accomplished by contacting the surfyce with a sulionation agent at

E about room temperature up to a temparature of about 80° C for a time period
between about 5 minutes up to about 20 mindtes. The particular sulfonation

reaction conditions (e.g. temperature, time| period, concentration of the

sulfonation agent) utiized will depend upon the specific polyaryletherketone

10 surface being sulfonated, the particular sulfobation agent selected, and the

o SEE AT e

degree of suifonation desired. For example, some members of the
polyaryletherketone famity will require more v:]orous sulfonation conditions to
achieve the desired degree of sulfonation, wiile other members will require
less vigorous sulfonation conditions, depenfding upon, for example, the

15 chemical nature of the polyaryletherketone conjponent.

An example, of a sulfonation {reaction is described below.

S i

Samples of Victrex 450G PEEK™ fiims (0.004 inch) were cleaned with
isopropyl alcohol and vacuum dried at 60 C° brior 10 being subjected to the

sulfonation reaction. Thereafter each PEEK™ fim sampie was placed in

20 contact with 96.5% sulfuric acid at raom tempﬁmmre. Each PEEK™ film was
kept in contact with the sulfuric acid for a timel period of at lsast 10 minutes.
At this point (i.e. 10 minutes) some of the PEE&"“ film samples were removed

i
from the sulfuric acid and thoroughly washed *vith water, After the aqueous
!
{
|

COMS ID No: SMBI-00201293 Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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wash, the PEEK™ film samples were neutfalized with a 0.5N potassium
hydroxide solution, a saturated calcium hydrokide solution, or a 0.25 sodium
citrate sofution. The neutralized PEEK™ film samples were then rinsed with
water and vacuum dried at 60 C° prior to purface characterization. The
5 remaining PEEK™ fiilm samples were kept in dontact with the suifuric acid for

various times up to about 20 minutes. When these PEEK™ film samples were

removed from the sulfuric acid they were neutralized and dried in the same
manner as described above prior to surface characterization.

The Energy-Dispersive X-Ray Afalysis (EDXA) was utilized for

10 surface characterization of the PEEK™ sam?les. in particular, the EDXA

spectrum of the above described PEEK™ filmis were taken before and after

S e g

being subjected to the sulfonation reaction. In particular, FIG. 1 illustrates the
EDXA spectrum of a PEEK™ film prior to beirjg subjected to the sulfonation
reaction. As shown in tha spectrum of Fld. 1, carbon and oxygen are
15 detected by the EDXA analysis which is|consistent with the surface
characteristics of 8 PEEK™ sample prior to sulfonation. With respect to FIG,
2, it illustrates the EDXA spectrum of a PEEKI" fiim after being subjected 1o
the sulfonation reaction and then neutralizad with a calcium hydroxide
solution. As shown in the spectrum of FIG. 2, the EDXA analysis detects
2 carbon, oxygen, sulfur, and calcium which is|consistent with the expecled
surface characteristics of a PEEK™ sample after being subjected to
sulfonation and then neutralized with 2 calciufn hydroxide solution. FIG. 3

ilustrates the EDXA spectrum of a PEEK™ fiith after belng subjected to the

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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sulfonation reaction and then neutralized with @ potassium hydroxide soiution.

As shown in the spectrum of FIG. 3, the HDXA analysis detects carbon,

oxygen, sulfur, and potassium which is consistent with the expected surface
)
characteristics of a PEEK™ sample after beirjg subjected to sulfonation and
4
5 then neutralized with a potassium hydroxide sc#uﬁon.

With respect to the surface weugbility of PEEK™ sulfonated in

EETTTIN

the above described manner, contact angles {of about 51° with respect to a
bead of water were obtained with these samples. This is in contrast to an
unsuifonated PEEK™ sample which has & corjtact angle of 78° or more with

10 respect fo a bead of water. Accordingly, thé above described sulfonation

(TN

[Ty

reaction increased the surface wettability of the?se PEEK™ samples.

It shouid be understood that +hancing the wettability of a
surface of a prosthetic davice results in the si:.nrface becoming '“tisstfegenic'.
What is meant herein by a “tissuegenic” su ‘ ce is that the surface has a

15 capacity, or an increased capacity, for tissue tg grow directly onto or into the
surface. In other words, tissues have a grdater affinity for a tissuegenic
surface. Tissues which can grow directly nntc} or into a tissuegenic surface
include, but are not limited to, bone, cartilage, ai'ud tendon.

As discussed above, one way of{anhancing the wettability of a

20 surfaca, and thereby rendering the surface ‘fissuegenic’, Is to dispose a
sufficient amount of polar functional groups cln the surface via a chemical
reaction. Accordingly, a surface of a po!yaryle!merkeione component having

i
an tissuegenically effective amount of polaf functionai groups disposed
|

!
|
!

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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thereon will have a capacity, or an increasqd capacity, for tissue, such as
bore, to grow directly onto or into the surface. For example, a
polyaryletherketone component surface having an tissuegenically effective
amount of sulfonation thereon (i.e. an effmtiva amount of —-8O3H groups and
5 saits thereof disposed thereon) has a capacity, or an increased capacity as
compared to the surface prior to the sulfonatign, for tissue (e.g. bone) to grow
directly onto or into the surface.

The tissuegenicity, or the increpse in the tissuegenicity, of a

surface of a polyaryletherketone component ag a resuit of the aforementioned
10 chemical reaction can be measured by any kngwn appropriate technique. For

example, one technigue for measuring the tissuegenicity, or the increase in

1 e i -

tissuegenicity, of the surface of the polyarfetherketone component is to
measure the shear strength or tensile strength of the interface betwaen the
surface of the polyaryletherketone componentiand the contacting tissue (e.g.
15 bone). The greater the shear strength or teLéile strength of the interface
between the surface of the polyaryletherketone| component and the contacting
tissue the greater the surface tissuegenicity. Accordingly, a prosthetic device
having a polyaryletherketone companent with|a tissuegenic surface has an
enhanced capacity to form a suitably stable mechanical unit with the
20 neighboring tissues (e.g. bone). Therefore, these prosthetic devices have a
decreased probability of becoming loose br unstable relative to the
neighboring tissue and thereby functioning less|efficiently or not functioning at

COMS ID No: SMBI-00201293  Received by IP Australia: Time (H:m) 17:35 Date (Y-M-d) 2003-03-31
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While the disclosure is susceptidie o various modifications and
alternative forms, specific exemplary embodinents thereof have been shown
'by way of example in the drawings and has hefein been described in detail. It

should be understood, however, that there is no intent to limit the disclosure to

s the particular forms disclosed, but on the contrary, the intention is to cover ali

modifications, equivalents, and alternatives fa(*ing within the spirit and scope

e 1

of the disclosure. ' ]
There are a plurality of advantz‘ges of the present disclosure
arising from the various features of the apparatus and methods described

herein. |t will be noted that altemative embddiments of the apparatus and

-
=3

methods of the present disclosure may ngt include all of the features

described yet stil benefit from at least sorr;e of the advantages of such
features. Those of oul'dinary skill in the art ‘may readlly devise their own _

implementations of an apparatus and method that incorporate one or mere of

15 the features of the present disclosure and fall mjithin the spirit and scope of the

l present disclosure.
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The claims defining the invention are as follows:
1. A prosthetic device, comprising:

a polyaryletherketone component, wherein (i) said polyaryletherketone component has a
surface and (ii) said surface has a wetability such that a contact angle of a bead of water
positioned on said surface has a value less than 78°.

2. The prosthetic device of claim 1, wherein:
said contact angle is about 51 °.
3. A prosthetic device, comprising:

an orthopaedic implant having a polyaryletherketone component, wherein (i) said
polyaryletherketone component has a surface and (i) said surface has a wetability such that a
contact angle of a bead of water positioned on said surface has a value less than 78°.

4. The prosthetic device of claim 3, wherein:

said contact angle is about 51 °

-20-
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