ASSEMBLY COWPRI SI NG COVPCSI TE MATERI ALS FOR BEARI NG
SURFACES AND USES THEREOF | N RECONSTRUCTI VE OR
WRRITBYBIAL JO NTS This invention relates to ppCT/GBRI0C/000689

materials and particul arly,lalthough not excl usively,

relates to the use 5 of such materials in assenblies

conprising first and second parts which bear agai nst
ASSEMBNE GONORTEWG @mMeDeITredAETHIOUSs Rt sEARINGt @RFACEN@NDISESES THEREOF
IN REGDPNITIRYEOEVR OR MARTEFIEAS §@mNTBeari ng surfaces, for

exanpl e for reconstructive joints (or other parts) of

human bodies. 10 A wi de range of nmaterials has been

PhOBOSELhFHt USE | d1eaQnst rygt | o X e itd fi gladlerials and
joints (or other parts) of human bodies, for exanple
PartierAtslyr Bdahionghs mdtacesliusitted yypirelatfes to the use

ou 0 ' joipts,; or 15 partial _or tota
> %?p %?Sf%neéa%éggggsne%ps.asr‘?%%’%f%%y ?ﬁ?%?ﬁaf’f‘_gna%lml: and
¥ebondl,paits 1&hiph 6621667galfN98 OWaNOAndessri besptdferred
hip_arthroplasty_in the second half

|
SPEERETI0CA ety HS SHPnGth i | JORBORbLen@aiRFiors for
Behianhi el &gy arfdg.e: gREmpoLyetdy! f@@oﬁ%ﬁ:?u%%‘lrvle:]gj oints

surface for the acetabul ar conponent. Excellent wear
ileraekhew pagsd) weén hamesl pedigisene bearing surface is

10 coupled with a metal or ceramc fenoral head. However,
a problemis acknow edged in that the debris produced
By WAxlerenangé piﬂymhhykeaﬁsn&)asca@@@n?@\t@@ﬁed for use in
i ol ogjcal ,reaction, |eading._to bone | oss or
gégggg§§pgtlgﬁdcn: art§f§01gl joints (or other parts) of
human bodies, for example for joints or bearing surfaces
in the spine; for shoulder or finger Jjoints; and for

15 partial or total hip or knee replacements.

Tribiology International Vol. 31, No. 11, pp 661-667, 1998
(Wang) describes the‘success of total hip arthroplasty in
the second half of the 20™ century as owing greatly to
20 the use of ultra-high molecular weight polyethylene as a
bearing surface for the acetabular component. Excellent
wear is acknowledged when a polyethylene bearing surface
is coupled with a metal or ceramic femoral head. However,
a problem is acknowledged in that the debris produced by
25 wear of polyethylene may cause adverse biological
reaction, leading to bone loss or osteolysis, and,

subsequently, the need to undertake revision surgery.

Metal-on-metal articulation joints have been proposed and
30 used with mixed results. Some metal implants may fail in
a relatively short time whilst some will last much longer.
Such inconsistent performance is, of course, unacceptable.

It may stem from difficulties in controlling manufacturing
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subsequently, the need to undertake revision surgery.
Met al -on-netal articulation joints have been proposed

wana78®3used with mxed results. Sone netal i npCHGB2007/000689

may fail in a relatively short tine whilst some wll

| ast much | onger. Such inconsistent performance is, of
course, unacceptable. It may §ten1fron1d|ff|cult|es in
control I ing manuf acturi ngtol erance of a netal -on-netal

teplearnceucdt as alegarlanoe;mespiier implynt seikaced i B!Lé’é'rance,
itself. Ceranic-on-ceramc

or .t he ality of the allo

FEPREE Ve bERRTAFBpdodt St OFhedie r GHaisvoveh the alloy
mtg@QE_nanufactur|ng preci sion than netal - onnet al

joints because of the inherent brittleness of the

ceram c. Thus netal -on-netal and ceram c-on-cerani c

bgkg §ca%%r%%%%nh%§sa%gkglVlﬁgvlnk%%gbdg%I%%Fgggaput these

manut act uri ng areas nore sensi !
reghnirguesecoipahed tamofaeiiyideneiredad i ¢ fhSn metal-on-

Angt éﬁgroblegwmnth known materials is the tendency
P&l EexREFRESENGakll viediersnt neribhlenassherf the
tBeggases. If, in a joint, there is anything other

than a perfect fit between two bearing parts, the
joint may wear nore quickly t han expected (due to the

PR B AR 18 ke a1 o A i L it a%e much

an obje

kddBei@ngnyﬂﬁgﬂﬁmeﬂheomﬁin@ﬂﬂﬁﬁﬂmmaﬁﬁﬁQéﬁhBanod%eas and
first ai?ect of the invention, there is
more nsitive to surgical techniques compared to

polyethylene/metal joints.

Another problem with known materials is the tendency for
them to exhibit increased wear as the load on them
increases. If, in a joint, there is anything other than a
perfect fit between two bearing parts, the joint may wear
more quickly than expected (due to the increased load),

leading to premature failure of the joint.

It is an object of the present invention to address the

aforementioned problems.

According to a first aspect of the invention, there is

provided an assembly comprising:

(a) a first part which comprises a first composite
material which includes a first polymeric material and
carbon fibre, wherein said first polymeric material

includes a repeat unit of formula
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provi ded an assenbly conprising: (a) a first part
whi ch conprises a first conposite material which

WO p@booss7 a first polyneric material and car boPCT/GBe@®;7/000689

wherein said first polynmeric material includes a
repeat unit of fornulaand; (b) a second part which
conprises a second conposite terial which includes a
second polyneric material and carbon fibre, wherein

produce wear debris by virtue of contact between the
ts. Advantageously, however, the materials from
which the first and second parts are nade may be such
that the anmount of wear debris produced and the rate
gé}mear s si,gnifigcant | ess than for correspondin
a

| v iy
t2 ngeCPlonP ot erw}b%(f%/necf?n&p%’a?ee?i s ]RGS CO%“POSlte

asebalalr wHida- hhghuaBkeal aec¥BEIBo PRI ELHYERBrial and
Preferably, a bearing surface of said first part which

%%ﬁ%??se§l§§ﬁd f Wheredanpsdide weconcal rednmenis a material
Pﬁeghaassar&a%a@f uﬁakdoﬁe‘fepmgrt whi ch conpri ses

sal d secondcofrposite materia us, in the assenbly,
a bearing surface which conprise said first conposite

mat eri al

T Or-Ot=—OF
t v
wherein said first and second parts bear against one

another.

Said first and second parts may bear against one another
so that, in use, one or both of the parts may have a
tendency to wear and/or produce wear debris by virtue of
contact between the parts. Advantageously, however, the
materials from which the first and second parts are made
may be such that the amount of wear debris produced and
the rate of wear 1is significantly less than for
corresponding parts made from other polymeric materials
such as acetal or ultra-high molecular weight

polyethylene.

Preferably, a bearing surface of said first part which
comprises said first composite material contacts a bearing

surface of said second part which comprises said second

I:
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suitably contacts a bearing surface which conprises
sai d second conposite material. In the assenbly, said

wo peogogart and said second part are preferabl pPCTYOB2ad7H00689

relative to one another. For exanple, a bearing

surface of one of the parts may be arranged to slide

over a bearing surface of thelother part. Said first

and second parts may be pivotable relative to one
aoopheiteSanatt¢risl . andThasondipardise ane semeflgr,abhy bearing
| ubricated, i,n use. For, exanpl.e they may be lubricated
BULEGHSVI APLFPUI MRt SGsedait a Iufin KiRlEOHYte material
kubthpaeddntacd dIbsi eahir@Rgl [k SUChyRS AN c%llr?ri 8" said
used in other applications. "Many different types o

89Send| FesresApe giangriedst and second parts as

descri bed nmay be provided. Preferably, said assenbly

is for inplantation in a human body, suitably to

Iepkhee ag seimolot,ursd i el £iest drt henbusandbedonRighrt are
ass nblg naé be_ for uie i,n or around the spine, for
BREhDFEPLX LRVARI en&R1IAGLEN tPe ORGSO PEGEESE wF qrorexasple, a
bBaihgf istiraddi BES orfdr o £X 2RI &4 i hi
knees,gshoulézis, gl6g§§,o€ogg%a§ﬁkg%il223;2%% g?§3398d to
$i:de @Vesecandoprring oburiiecassefblthenagtbenprmiass.a  Said

B e rET e B P o et et e S5 6 P g0 ome
andtiiernal e el enents bear agai nst one another, suitably
with said bearing surfaces which conprise said

Said first and second parts are preferably lubricated in
use. For example they may be lubricated by synovial fluid
when used in a human body; or lubricated by a lubrication
fluid such as an o0il, when used in other applications.
Many different types of assemblies comprising first and
second parts as described may be provided. Preferably,
said assembly is for implantation in a human body,
suitably to replace a structural element of the human
body. Said assembly may be for use in or around the
spine, for example in spinal non-fusion technologies; or
for use in artificial joints, for example in fingers,

hips, knees, shoulders, elbows, toes and ankles.

One of said first or second parts of the assembly may
comprise a male element and the other of said first or
second parts may comprise a female element wherein said
male and female elements bear against one another,
suitably with said bearing surfaces which comprise said
first composite material and said second composite
material in contact, and said male element is pivotable

relative to the female element.



10

15

20

25

30

first conposite material and said second conposite
material in contact, and said nale elenent is
w@Rawaedshe rel ative to the femal e el enent. Sai dPE€T/GBR007/000689
part may be made substantially entirely fromsaid
first conposite material. Alternatively, a first part
may conprise a material otherSthan said first
conposite material but a bearing surface of such a
first part may be defined by said first conpositg
terial . Such beari surface may be defi ned by
ggb& ritglrosrt cBar né“,ayor}g%t FEAR s RA U AGLY a Sdydelyr from
Ehigt £OMPOSidompRiiald aha®Braal! eCuUnIe RfatSdidh i ot first
part for defining said first part. For exanple, said
PRFSt Part REYPESRSri Se Aakegdlalor oddveani tlpart gald. first
; A el is.cC ith said figst .
?8%%???% Er%?%?rril\g‘lﬁﬂl gﬂf’h% he gigfgggng‘ar 1mrrtl";‘-ﬂycec:o Er Félghbc?neflmt
pare. ndwe heat udafibedriby natier i &h)swhecemposibearmdterial.

urface i.s capped or otherw se resurfaced with said
gPF t %oﬁﬁ%%?fﬁbrnﬁ%ﬁ'%ﬁ? 8&Yd g@coﬁafﬁéﬁg nBy bedpRiey or

sybstiap)ialdy esthéehyséropeaidisgeond Coi@géirt%f first
material. Alternatively, a second part may conprise a
RAFBPFaFComade tilfdn @ai @ deechdsconpdsi selidatférsal pautt for

F | RO Sur a second _part. may_be  def.i ned

B PEA 00 SR B L BUGR 2 SBRN Ll £ Re SR e

sayf aompmagebe detianedrbyecapgicngaat ceald NG Mmoral head)
r,of second conposite

her wi  di na. | | .
HGLGPI 4 GRPRSH cBoratA ShFE: SECBRASHAPL TRGerial or the
@Ef%ﬂiQﬂnﬁﬁiQa§eQ%%bf¥§é-bgﬁ% eﬁ?ﬂ?ledﬂﬁ@'ﬂa%ﬁggﬂdbearing
ar

material) wherein a bearing surface is capped or otherwise

resurfaced with said first composite material.

Said second part may be made substantially entirely from
said second composite material. Alternatively, a second
part may comprise a material other than said second
composite material but a bearing surface of such a second
part may be defined by said second composite material.
Such a bearing surface may be defined by capping or
coating, or otherwise providing, a layer of second
composite material on a precursor of said second part for
defining said second part. For example, said second part
may comprise a metal or ceramic part (e.g. a femoral head)
which is capped with said second composite material or the
second part may comprise bone (i.e. the natural bearing
material) wherein a bearing surface is capped or otherwise

resurfaced with said second composite material.
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may conprise a nmetal or ceramc part (e.g. a fenoral
head) which is capped with said second conposite
woradoeiopsb7 or t he second part may conpri se boneP(T/G82007/000689
the natural bearing material) wherein a bearing
surface i s capped or otherw se resurfaced wth said
second conposite material . Onefof said first or second
parts of the assenbly nay define a head and the other
Paet oy sdéfli néisstsooket satdhiin pahviteh bhe teadaksembly may
ﬁ% otable. In a grgferred enbodi nent, said assenbly
%lB@ fr hgaf paiepl hemattien ( PAaY dtapridefige a socket
iewnial whead and aBaacekabyhdkgamponent. Bearing
surfaces which contact one another suitably are
defined by said first conposite material and said
cgn it terjal, Said,first | yer i ,
T8 Par e S e Sa B PuBEN MR Py for a nip
vhplecamenand v Itndependertnprispr @sefbm8ral lhead and an
Prefe rfd polynmeric materials have a said repeat unit
aheFaPRIart RerPrPReng, vRRafiRg apdrfagesophich gamtact one
7 re ed veqbt® d yz0; t =0. V= :
e S oLy (R0 Fap R, el Y "hposice
petonepl candt eridl sprehdr gbinpositeudeseatialleast 60
nol e% nore preferably at |east 90 nol e% of repeat
units of formula | . Preferably, said first polyneric
salar ifdlr stonss sjnke wiss enbtalh 4 10fp fegR@atb NI 18c Phides a said
fornula | ,, Preferably, said first polyneric materi al
FRRPABeYN At s{ nyPBT Y Pe torNfe Jedndemendsm tiler marrgsent 0 or
in @E@E?&&%Q PYHRMULEN SmafLHa Ll 8LVROIY MBI S repeat unit

material is

wherein either t=1 or v=0; t=0 and v=0; or t=0 and v=1.
More preferred have t=1 and v=0; or t=0 and v=0. The most

preferred has t=1 and v=0.

Said first polymeric material preferably includes at least
60 mole%, more preferably at least 90 mole% of repeat
units of formula I. Preferably, said first polymeric
material consists essentially of repeat units of formula
I. Preferably, said first polymeric material includes a

single type of repeat unit of formula I.

In preferred embodiments, said first polymeric material is
selected from polyetheretherketone, polyetherketone and
polyetherketoneketone. In a more preferred embodiment,
said first polymeric material is selected from
polyetherketone and polyetheretherketone. In an especially
preferred embodiment, said first polymeric material 1is

polyetheretherketone.
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sel ected from pol yet her et her ket one, pol yet her ket one
and pol yet her ket oneketone. In a nore preferred

weedvoapsent , said first polyneric material i s BEl/eBR@d/ 000689

from pol yet her ket one and pol yet heret herketone. In an
especially preferred enbodi nent, said first polyneric
material is polyetheretherketbne . Thus, preferably,

said first polyneric naterial consists essentially of
Bhuepepirafirirabdfy,f osaid a fi rettermoIyersid madevizlO consists

Said fir olynmeric materigl suitably has_a nelt |,
SPetnbit Iy B Bfofeherng tos kepFial o plordtataiy € = 1
g & Mpof at least 0.09 kNsirf2, nore preferably at

| east 0.12 kNsirf2, especially at least 0.15 kNspf2 .
MV is suitably measured using capillary rheonetry

ati t it a .rate of. . 1000Q0s using a
Sl e sk pivd e s RAEBh AT e o nd8' " Tt
phosyorite nedveriaf aay lkase a)Nweokoﬁ§§,t¢méE%f§E&y has a
kKNspf.2, preferably less than 0.5 kNsirf2 . Sai I rst
%%Igﬁeﬁg:%ﬁﬁ%ﬁi io#abNﬁave DM i reheraiahyeat. dgasy 0.12
RuSmRN\SielshoeciRnahenabhvasht ha g ainge0. 14 to 0.5

kNsirf2 . Said first conposite material may have an W

in the range 0.5 to 1.0 kNsirf2, preferably in the

nge 0.7 k 2. may. .be neasur b
1\Ejzgpi M%ar ys{rlggétr%g?’r Dls{]%asll'br?'\é;/r sfl)éﬁ&gyne??%lﬁ’g?ﬁg;i alFhfgretry
bpeeadihgnsl e490rengih, aresrgbed tac@ceod daggesW thsing a

ASTM D790 of at |east 40_ MpPa :
tungsten carbide gge, 0.5x3.175mm.

Said first polymeric material may have a MV of less than

1.00 kNsm™2, preferably less than 0.5 kNsm™.

Said first polymeric material may have a MV in the range
0.09 to 0.5 kNsm??, preferably in the range 0.14 to 0.5

kNsm™2.

Said first composite material may have an MV in the range
0.5 to 1.0 kNsm?, preferably in the range 0.7 to 1.0

kNsm™2. MV may be measured by capillary rheometry.

Said first polymeric material may have a tensile strength,
measured 1in accordance with ASTM D790 of at least 40 MPa,
preferably at least 60 MPa, more preferably at least 80
MPa. The tensile strength is preferably in the range 80-
110 MPa, more preferably in the range 80-100 MPa.

Said first composite material may have a tensile strength,
measured in accordance with ASTM D790 of greater than 100

MPa, preferably of greater than 120 MPa.
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preferably at |east 60 MPa, nore preferably at | east
80 MPa. The tensile strength is preferably in the

w0 20ge9B07 110 MPa, nore preferably in the ranper/882W0000689

MPa. Said first conposite naterial nmay have a tensile
strength, neasured in accordance with ASTM D790 of

greater than 100 MPa, preferably of greater than 120
MPa. Said first polyneric material may have a fl exural
strength, neasured in accordance with ASTM D790 of at

east 145 MPa. The flexural strength is preferably in
%%% ra%§§5f45$1 LC pPRtRFefer aBldY i nhé¥e rangeflexural

38Pedfbn MPane i fedi i 15t 60BBPaRLEMBE £ER Aln BZ‘?@ 8f at
flexural strength, neasured in accordance wth ASTM
bragt bfSalPheasTheodlpraralaist renodh gol ymefiarably in the

PBLSE s aeees, Lot sl LA, (IR e0ahle 165165

preferably at | east 3GPa, nore preferably at |east 3.5
GPa. The flexural nodulus is preferably in the range
3.5- 4.5 GPa, nore preferably in the range 3.5-4.1

§Pea Sahdshi I ofosposl  engBLeiLal hayg,@ fLex
modul us, nmeasured ih accordance with ASTM gD%%O “of l%aéxural
$eEenath GPate amiveat agBouBtaQrddtecd | WSthpoh§RMr DF90, of at

i said carbon fibre may be selected to
?%%?%r§¢%zﬁg?bperties of the first conposite naterial.

For exanple, the flexural nodulus may be tailored to

thaé Ef cortical bone (approximtely 18CGPa

Sal irst polymeric material may have a flexural modulus,
measured in accordance with ASTM D790, of at least 2 GPa,
preferably at least 3GPa, more preferably at least 3.5
GPa. The flexural modulus is preferably in the range 3.5-

4.5 GPa, more preferably in the range 3.5-4.1 GPa.

Said first composite material may have a flexural modulus,

measured in accordance with ASTM D790, of at least 7 GPa.

Advantageously, the first polymeric material and said
carbon fibre may be selected to tailor the properties of
the first composite material. For example, the flexural
modulus may be tailored to that of cortical bone

(approximately 18GPa).

Said second polymeric material preferably includes a said
repeat unit I wherein t and v independently represent 0 or
1. Preferred polymeric materials have a said repeat unit
wherein either t=1 or v=0; t=0 and v=0; or t=0 and v=1.
More preferred have t=1 and v=0; or t=0 and v=0. The most

preferred has t=1 and v=0.
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Sai d second polyneric material preferably includes a

said repeat unit | wherein t and v independently
woepressnt O or 1 . Preferred polymeric materi BUBGBaME/000689

a said repeat unit wherein either t=l or v=0; t=0 and

v=0; or t=0 and v=I. More preferred have t=l and v=0;

or t=0 and v=0. The nost pre@erred has t=l and

v=0. Sai d second polyneric material preferably includes

@tid easlcoh@d nMplodYmenmre prdkeriabl y pge feseddyof incpages at

units of fornul | . Pref I id [ :
IRty 6 BOASPeC SR AT T TSPhY Papdeitiniqs BpYeRE! fnits
JPV{B&lﬁ;ﬂa . 1 Pr efpetcdanab1S3i Sar ok god ypelynemitembakrial

I ncludes a single tﬁge o f repeat unit, of formul a |
dangirsfeer ressenbbal Ent of sdiePedécontigel ynefi cformula  I.

terial,is sel.ecte ret her ‘ane,
A kot G G S50t ReT N OGket o Lty dneludes
Pref e refperbpdiopest saitd stcbodnpbiyferic nateri al

is selected from pol yet her ket one and
pol yet heret herketone. In an especially preferred

ﬂqbgggE@PEeds%d%éﬁEﬁgﬁk§P|%HEHi%éﬁﬁﬁﬁiﬁblyﬁeric material
pol yetheretherketone . Thus, preferably, said second
ol yerbecloedraf eonabod yRshers tBesKREPARY y PO YE thggagtone and

unjt aof formul a | rein = V. = i :
@@i%ﬁéh?ﬁ%?%%??%eﬁﬁggfiaIIéui agﬁgghé%r%giéfgg Embodiment,
%aﬁ@osﬁve/cc]gmo lq:ﬁohymdaﬁﬁet Cudde kiNsl pf 2is pr efereaitigd  from
as a of at least 0.09 kNsrrf?2, re preferably at .
pehsetienbekprer ppd Qgﬁxéf@itgﬁﬂfﬁtg-?rﬁgggfleg. %é‘ l?r{hre?/sfpfcﬁlally
preferred embodiment, said second polymeric material is

polyetheretherketone.

Thus, preferably, said second polymeric material consists
essentially of a repeat unit of formula I wherein t = 1

and v = 0.

Said second polymeric material suitably has a melt
viscosity (MV) of at least 0.06 stmﬂ, preferably has a
MV of at least 0.09 kNsm™?, more preferably at least 0.12
kNsm™2, especially at least 0.15 kNsm™.

MV is suitably measured using capillary rheometry
operating at 400°C at a shear rate of 1000s™! using a

tungsten carbide die, 0.5x3.175mm.

Said second polymeric material may have a MV of less than

1.00 kNsm 2, preferably less than 0.5 kNsm™.
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MV is suitably neasured using capillary rheonetry
operating at 400C at a shear rate o f 1000s "1 using a

wo a0vge9en’ car bi de die, 0.5x3. 175nm Sai d secoPdI/GB2007/000689

pol yneric material may have a WV of |ess than 1.00

kNsirf2, preferably less than 0.5 kNsirf2 . Said second

pol ymeric material may have @°W in the range 0.09 to

0.5 kNsrrf2, preferably in the range 0.14 to 0.5

§AEpf BecoBdi godgoend cc oyt iteel nuEd erhave nayMiaver athdWrange
2, preferably in the

{)gﬁéjg%ﬁr ?61?% %Ngm%l?ds;Pge.%g%iﬁﬁgyséﬁ’onﬁh%olrﬁﬁ‘&ﬁ 0.-14 to 0.5

mmserd.al nmay have a tensile strength, neasured in
accordance with ASTM D790 of at |east 40 MPa,
preferably at |east 60 MPa, nore preferably at | east

80;4PaecThe LeRSbLecstRERAL i s Btelelably W W6 tho range

range nore preférably-i era

6Pa. tSai d.SecionsmConposeferamieriial oAy hevega tersite 1.0
&rength, measured in accordance with ASTM D790 of

E ¥8ter than 100 MPa, preferably of greater than 120

MPa. Said second polyneric material may have a

flexural strength, nmeasured in accordance with ASTM

P709 opegpnfeaioliviEe e, MAgeriakur @layst rieageh s tensile

£ 1y' iEF ange gg a, re sﬁ{e l.y
PLELELONLY Al 20 MASARR,NES, L o B0 SEAUY or o
hedeti 40 MBy, hpre feddeurat least 60 MPa, more preferably
at least 80 MPa. The tensile strength is preferably in
the range 80-110 MPa, more preferably in the range 80-100
MPa.

Said second composite material may have a tensile
strength, measured in accordance with ASTM D790 of greater

than 100 MPa, preferably of greater than 120 MPa.

Said second polymeric material may have a flexural
strength, measured in accordance with ASTM D790 of at
least 145 MPa. The flexural strength is preferably in the
range 145-180 MPa, more preferably in the range 145-165
MPa.

Said second composite material may have a flexural
strength, measured in accordance with ASTM D790, of at

least 200 MPa.

Said second polymeric material may have a flexural
modulus, measured in accordance with ASTM D790, of at
least 2 GPa, preferably at least 3GPa, more preferably at
least 3.5 GPa. The flexural modulus is preferably in the
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strength, neasured in accordance wth ASTM D790, of at
| east 200 MPa. Sai d second polyneric material may have

wa2do7eespal nmodul us, neasured in accordance w PET/ABZ07/000689

D790, of at least 2 GPa, preferably at |east 3GPa,

nore preferably at least 3.5 GPa. The flexural nodul us

is preferably in therange 3.5%4.5 GPa, nore preferably

in the range 3.5-4.1 GPa. Said second conposite

mangei &. Srely. haGPaa fleweaur pkeffodablig, impashk edange 3.5-4.1

ggcordance with ASTM D790, of at least 7 GPa. _
eantageously, the second polyneric material and said

carbon fibre may be selected to tailor the properties

of the second conposite material. For exanple, the

$1iéséur secepeul EOmREE Hee t anabeBtat 0 MAKt bRveor ta caflexural

RORELLIPPNR TR L0 (b CRRLor dBRBREr BDLY: AN TR, | ot at

yneric materral and §5°d Second
beesth2 6a@me. Said carbon fibre may be of any suitable
type. Said carbon fibre may be PAN based or pitch
based. Suitable PAN-based fibres nmay have a fibre

Nevsht¥gbBukhe, range lsdcdiy 1. T3, i
streng tﬂ f ?eater thaﬁzzgoop%%ggﬁa ten??tg%a%éu 3gd sald

ﬁr]Pﬁ’é rfanbg@ 280z 250 ePdegtiedl Kdetmitgr othgr @atoprerties of
%H@nséé n o %s%%%eﬁéﬁélfhfasegg%a%%gﬁp S %ﬁgn?&exural

ave a 11 nsi e range
thedsite Shm@ngﬁhalntallored to that of cortical bone

(approximately 18GPa).

Preferably, said first polymeric material and said second

polymeric material are the same.

Said carbon fibre may be of any suitable type. Said
carbon fibre may be PAN-based or pitch based.

Suitable PAN-based fibres may have a fibre density in the
range 1.7 to 1.85 g.cm™, a tensile strength of greater
than 2900 MPa, a tensile modulus in the range 230-250 GPa
a bulk density of greater than 350 g/1.

Suitable pitch-based carbon fibres may have a fibre
density in the range 1.2-2 g.cm™>, a tensile strength in

the range 400-600 MPa and a Young’s Modulus of 30-50GPa.

Said carbon fibre may comprise milled forms, for example
having average lengths in the range 200-1600um.
Alternatively, the carbon fibres may be in chopped lengths
for example having average lengths in the range 3 to 30mm.

In a further alternative, endless carbon fibres may be
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t he range 400-600 MPa and a Young's Mddul us of
30-50GPa. Said carbon fibre nmay conprise mlled forns,

wo o007e%80pl e havi ng average | engths in the ranP€r/GB2007/000689

200-1600 mm . Alternatively, the carbon fibres may be

in chopped | engths for exanpl e having average | engths

in the range 3 to 30nm In a¥urther alternative,

endl ess carbon fibres may bepresent in the first
andsentsetmndheonposst e amelt/eri adscoBilickoepdlsdss materials.

terials may c rise 6000 or 12000 fjlament_tows ..
TRERC SRR T sRdTS)S edh s St 49 e 32808 £11ament
towkssh as is conventional for such naterials to
i mprove conpatibility of the fibres with the first and
second polyneric materials. Preferably, said first

t [ [ ; it terd.al conprisi .
SRRl Moty Y PR BB L aThoh Fohish as
isbresonPreefieratdly PARbbasesuthbr ematekeéalp at deastimprove
50wt % .at .l.east 75w % at, | east 90wt % at | east 95wt %
885‘88%&%9);13@%?%1\8%\? %%&Prteﬁe ¥4FBort 4§ bifd rsit t pRd  second
bblghegorpasitles-inmleri al . Preferably, said second part
conpri ses said second conposite material conprising

sai d second polyneric material and PAN-based carbon

ERTBRaLAS SEgbhy MR |LOGES OB 4P LSSt o
B8peciall goalpatits inGOwdidoff itrdse:  eaillyare fiid nta tafr 1416 and PAN-
esandsaomer s eri gl SR TR SOMONAS o e
at least 50wt%, at least 75wt%, at least 90wt%, at least
95wt%, especially about 100wt% of the carbon fibre of the
first composite material. Preferably, said second part
comprises said second composite material comprising said
second polymeric material and PAN-based carbon fibres.
Preferably PAN-based fibres make up at least 50wt%, at
least 75wt%, at least 90wt%, at least 95wt%, especially
about 100wt% of the carbon fibre of the second composite

material.

Said first composite material suitably includes at least
30 wt%, preferably at least 45 wt%, more preferably at
least 60 wt%, especially at least 65wt% of said first
polymeric material. Said composite material may include
up to 70wt%, up to 55wt%, up to 40wt%, up to 35wt% of
carbon fibres. Said first composite material may include
30 to 70wt% of said first polymeric material and 30 to
70wt% of carbon fibre. In a preferred embodiment said
first composite material comprises 60 to 80 wt% of

polymeric material of formula I, preferably of formula I

wherein t = 1 and v = 0, and 20 to 40 wt% of carbon fibre.



10

15

20

25

30

30 wt % preferably at |east 45 wt% nore preferably at
| east 60 Wt % especially at | east 65w % of said first

w@oeloyes3dT naterial. Said conposite material nBYT/GB2007/000689

include up to 70wt % up to 55wt % up to 40wt % up to
35wt % of carbon fibres. Said first conposite materi al

may include 30 to 70w % of sdi3d first pol ymeric

material and 30 to 70w % of carbon fibre. In a

preferred enbodi nent said first conposite materi al

omprises 60 to 80 wt % of polyneric materjal of
PO fhul S 15¢ STERI TS B LR dOY whidhetifle onp apg more
YurtRer aRGmgbridhdd W % of caRon fibreysal qul g 15wts,
conposite material may include Oone or nore further

BEApBAR.ALE. upt teayl Gvicd wde odpretro coBwmonerpgref erfbl gxample of
An _exanpl.e of, anot. her,

LRoLRNE % BEmB‘o'B tCONRONG tSX—rrar\a/t oS zﬂt’?aoﬁ't e){%ef%lal for

conponent s an X-ray contras
bramphe shhphate sudphdtki.r st conposite materia
preferably includes only a single type of first
polynmeric material of formula | . It may al so include

o8ty FivshOl CorhyPsiPE makReRnali kffreefex%kﬁty oDl %1 udes only a
PAN- based; or only pitch-based, "but not a m xture of

sindtgpbyre off dicathare il ofmater setond compodhatd. It

er i 1 I.nde entl y have _any features of_the
B 5L e ERELLRETRETOTN, plodTeociRt wh aArdor S - oo
setpnHANebpseid;e amt@rialpistii-akd ged Nchudesoat al @ddture of
30 % greferably at least 45 wt% nore preferably at
F%%!%Y%% W% especially at |east 65w % of said
second

Said carbon fibre of the second composite material may
independently have any features of the carbon fibre of the

first composite material.

Said second composite material suitably includes at least
30 wt%, preferably at least 45 wt%, more preferably at
least 60 wt%, especially at least 65wt%, of said second
polymeric material. Said composite material may include
up to 70wt%, up to 55wt%, up to 40wt%, up to 35wt% of
carbon fibre. Said second composite material may include
30 to 70wt% of said second polymeric material and 30 to
70wt®% of carbon fibre. In a preferred embodiment said
second composite material comprises 60 to 80 wt% of
polymeric material of formula I, preferably of formula I

wherein t = 1 and v = 0, and 20 to 40 wt% of carbon fibre.

Said second composite material may include one or more
further components. It may include wup to 15wt$%,

preferably up to 10wt% of other components. An example of
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pol yneric material. Said conposite material may
include up to 70w % up to 55wt % up to 40w % up to

w2 Aewh7 car bon fibre. Said second conposite PEL/EBR@EN/000689

may include 30 to 70wm % of said second polyneric
material and 30 to 70wt % of carbon fibre. In a
preferred enbodi nent said secldhd conposite materi al
conprises 60 to 80 w % of polyneric material of

hopitka | compoeferrtabliys ofardf oAl | odiereistt madeansh for
v =0, and.20 to 40 wt % of carbon fibre. Said second
85ﬁ88§?tgaﬁﬁf¥ﬁi%ﬂl S-ncl ude one or nore further
conmponents. It may include up to 15w % preferably up

to 10wt % of other conponents. An exanpl e of another
€8iposesonds campesale coatensal nprefeabbiigr iexdnpules only a

i hate. Sai d, second conposite materi al

B R R e srhi g SRy Cechpmala T. It
palyaesbc inetledealonfy forsil@dd tygd dmycahsen i aohede o . g.
onk& a_single type of carbon fibre - e.g. only .
PRNYh&88aPa5r dnIQE pPR - Phkel basednobus mokt @ enofture of
twe types.. Said first conposite naterial and said

second conposite material preferably conprise the sane

pol ynmeric material of fornmula | and preferably the

] r fibre. .Preferably,.,said first conposjte \
S8, T CblPR oo it St BB dld aPoRRE Composite
substanli PddefdibBRANBCRPRRLS] tHheN. sThE SISHRIM Ofmaterial
the first _aspect ngg i ncl ude one or nore additional _
Bart SOWMILR may BEsr &FEferebdy d ther stsamel/ gparbon  fibre.

Preferably, said first composite material and said second
composite material have substantially the same

composition.

The assembly of the first aspect may include one or more
additional parts which may bear against said first and/or
said second parts. Said one or more additional parts may

be made from a said first composite material as described.

According to a second aspect of the invention, there is
provided a kit for providing an assembly of said first

aspect, the kit comprising:

(a) a first part as described according to said first
aspect;
(b) a second part as described according to said first

aspect;

wherein said first part and said second part are
cooperable to define an assembly wherein said first and

second parts bear against one another.
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said second parts. Said one or nore additional parts

may be made froma said first conposite material as
waleacipgsetl. According to a second aspect of thBCT/GB2007/000689

invention, there is provided a kit for providing an

assenbly of said first aspect, the kit conprising: (a)

a first part as described acédrding to said first

aspect; (b) a second part as described according to

said first aspect/ wherein said first part and said

iiggng.gart are cooperabl e to define an assenbly

ef h'8hi Baffr &0 fd 1S HPHArRIT beBRY afavRsprongeature

Sfother £Sakd %&%td%ﬁ*t&ﬂ“%éﬁﬂ&h?§%9@doPaE e”?ﬁrgg¥%spect

any feature of the first part and e second part

npeatigsmubapdés. nutatis nutandis . According to a

third aspect of the invention, there is provides a

package, which is preferably substantiallysterile,
Abcehdtogprdcses amhiasSesbbycor de ttiascandichd ifldh,t hehere is
firsf or second aspects respectively. According to a
RPourt A SspectPARGRy | WprdVi ded Ruedieredler substantially

é%@%ﬁfé;U%h@@hade§¥i§EHtaﬁngsgeﬁﬁg9n%rpQE1:a§ccording to
descri bed according to the first and second aspects,

the FRrsbdoronpedrd ngspechs ngespspetvele. beari ng

surfaces of said first and second parts froma first
conposite material and a second conposite nateri al
Aespedinyeky. aThourEihodspeyt fofperse ik Aev DI 08 method
both of said parts

o§) manufacturing a first part and a second part as
described according to the first and second aspects, the
method comprising forming respective bearing surfaces of
said first and second parts from a first composite

material and a second composite material respectively.

The method may comprise making one or both of said parts
substantially entirely from said first or second composite
materials; or the method may comprise forming one or both
bearing surfaces (but not the entirety) of said first and
second parts out of said first and/or second composite

materials.

According to a fifth aspect of the invention, there is
provided a method of making an assembly according to the

first aspect, the method comprising:

(a) selecting a first part as described according to
the first aspect;
(b) selecting a second part as described according to

the first aspect; and
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substantially entirely fromsaid first or second
conposite materials; or the nethod may conpri se
wo osomiopgoone or both bearing surfaces (but notPE€TE&B2007/000689
entirety) of said first and second parts out of said
first and/ or second conposite materials . According to
a fifth aspect of the inventildh, there is provided a
met hod of maki ng an assenbly according to the first
aspect, ¢hecaethog epEPFiFistgadd)ssebedt bagtra fdd Sthat the
part as descri bed accordln% to the first aspect; (b
sel ecti RPELSeRATF paPeinstdelRrei b ithenr ¢indy tefihe said
first aspeginpppd(c) contacting the first and second
parts so that the parts bear agai nst one another and
define said assenbly. According to a sixth aspect of

Lnvention, there.is_provided_ the use of a first .
%grg?kg%nges%? i Fed® =#thr agﬁ’ﬁcf:o ?fhetf‘ler stNEEpet R andhgre is
§660mdeﬂathea@s@e%ﬁrbbﬁdr%QC@HyﬂKhé(Hégﬁ%fﬂéétaégﬁfﬁirg to

in the manufacture of an assenbly which conprises sa
Frestigsd SeRafd g <2 beaFPRY RBALNSES clesamididtbradarrding

i gpl atds in 0 xample to
e R e e R e T T T e
ohlghy espectises tlseidnvditisan anderbediorenht wesod i bethring

herein,my be c ined with any ot her feature of any
%g%é%Fto §hﬁQ§%E%ﬁ ?wl%%ﬁ%%FﬂEh?ndégéPiﬁgﬁ Hemsm body,

futatkampleandi $eplace a structural element of the body.

Any feature of any aspect of the invention or embodiment
described herein may be combined with any other feature of
any aspect of an invention or embodiment described herein

mutatis mutandis.

Specific embodiments of the invention will now be

described by way of example.

The following materials are referred to hereinafter:

PEEK-OPTIMA LT1 - Long term implantable grade
polyetheretherketone with a melt viscosity of
approximately 0.45kNsm™2, obtainable from Invibio Limited,
UK.

CFR-PEEK-LT1 - Implant grade polyetheretherketone
containing 30% by weight PAN based carbon fibres, obtained

from Invibio Limited, UK.

Acetal refers to poly(oxymethylene).
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Speci fic enbodi ments of the invention will now be
descri bed by way of exanple. The following naterials

wae@7igferred to hereinafter: PEEK- OPTI MA LTI PCI/GBQ007/000689

terminpl ant abl e grade pol yet heretherketone with a

melt viscosity of approximately 0.45kNsm 2, obtai nable

fromlInvibio Limted, UK CFR/PEEK-LTI - Inplant grade

pol yet her et her ket one cont ai ni ng 30% by wei ght PAN

beM@HECarbon fébses, dﬂiaiUedrbronHthi?iMoLéBﬁﬁfﬁ, Weight
K, Acetal refers.to paly (oxynethylene) . UHW\PE -

Pet urEby Jene; PR tRLGRAVEROE PF Ve DaopBeaaty | ene

obt ai ned from DuPuy Ot hopaedics. Pin-on-plate testing

was used to assess materials. The pins and plates were
Rédecacpdpiieng e ine geAerndedrbeedssessdasatébealls n  The

I a nd_teste i ng the general prgcedure
FLEET: Bl TRIESSE) o3 “letR TR B Fo P iera
booceduireg piersrAldedins Reaepbachi nad f2 oahdnjteiiedn using

| ded pl s. Al plaques were produced using
EggnggpaBéiﬁ%&??&ﬁgfefgﬁggiéﬁﬁ?elPh§§ém@é§bﬁhbed in

general literature available fromlInvibio Limted. The
machi ned_pins were polished to give a surface
nefa ' or mpkdiong. pAhis pins

were cleaned in aqueous ethanol and demi neralised
wat er and anneal ed using a general annealing protoco
Abl exianpl @cae deschihed ifragenengkechiber ahdtiBded plaques.

ngigﬁgE%gywﬁgre produced using standard conditions, for
example those described in general literature available
from Invibio Limited. The machined pins were polished to
give a surface roughness (Sa) of approximately 1 micron.
All pins were cleaned in aqueous ethanol and demineralised
water and annealed using a general annealing protocol for
example as described in general literature available from
Invibio Ltd. All pins were machined such that any fibre
alignment caused by the direction of polymer flow would be
parallel with the reciprocating motion. Unless specified,
all pins were gamma sterilised with an irradiation dose of

50kGy.

Example 2 —~ General procedure for making plates

All plates were machined from injection moulded plaques.
All plaques were produced using standard conditions. The
machined plates were machined to maintain the injection
moulded surface finish (Sa of approximately 0.1 micron).
All plates were cleaned in aqueous ethanol and
demineralised water and annealed using a general annealing

protocol. All plates were machined such that any fibre
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I nvibio Ltd. Al pins were machi ned such that any
fibre alignnent caused by the direction of polyner

wo b@wosssat d be parallel with the reci procati ngp@DGBRIV7/000689
Unl ess specified, all pins were gamma sterilised with
an irradiati on dose of 5CkGy. Exanple 2 - GCenera
procedure for making plates M| plates were machi ned
frominjection noul ded pl aques. All plaques were
aOL:rintmfceaﬁh L@éd@eﬁtwgwd &brettionsof Thelymehi fiddw would be
pl ates were machined to nmainfain the injection noul ded
pand el M Esar 9F LRERF O MR L R 1J mcron). All
pl ates were cl eaned i n aqueous ethanol and
dem neral i sed water and anneal ed using a
Ewangpile ) prégnexal proceduresfoprtesbing mmatentals hat
any fibrealignnent caused by the direction of polyner
fl ow woul d be parallel with the reciprocating notion.
]EXﬁﬂHLSnfp%agénﬁlﬁﬁt'hi@lreomhgsé@f t @4l ngactaires i whs A four
pi n-on-plate machi ne was used. The machine was_a,fqur
statiom pi RiBNOPratetRachRENRich akﬁ?ﬁf%d baPHi‘leg both
fé%ﬂé?&?é%i and r ebabi98ah1 MYdibn The Treei ReRGpkloeation
was applied by a sledge noving along two fixed
was abpell ikdr dened stleslgehanevimg alhegt ddvdefixed parallel

| ubricant tra nd pl ate hol der e positi
%?r@%?§dsﬁ & i.%ﬁﬂﬁyr%?it?ohgﬁtﬁgfﬁgﬁRMa%&%%gggggangg and
gﬁ&beDhelaéknwéiéﬂﬁﬁéiﬁﬁﬁﬁéd dheteyclof frlenuentedgeof The

oth the reciprocation and the rotation was set, at
apbrbipnal elptioy WIhe 2pPALEIhJIUPREDNSLSt S35 HRY £ Busmall

M@Lé?.i”t@h¥hb9%ﬂé“%£%&ﬁéhcies of both the reciprocation

and the rotation was set at approximately 1 Hz. The plate

holder consisted of four wells into which the plate

specimens were clamped. A lubricant was contained within

the lubricant tray and heated to a temperature of 37°C by
resistors within the bed. This was controlled by a
thermocouple. A load (either of 20 N or 40 N) as épplied
to each station via a lever arm mechanism. A lubricant
level sensor made from platinum wire was attached to the

lubricant tray to allow the lubricant to be maintained at

an almost constant level. This was topped up from a
reservoir of distilled water. An electronic counter was
connected to the reciprocating sledge. Stroke length was

set to 25 mm. A cover was placed over the entire rig to

prevent dust contamination from the atmosphere.

The lubricant used was 24.5% Dbovine serum (protein
content: 15 glﬂ) with 0.2% sodium azide added to retard
the growth of bacteria and 20 mM EDTA to prevent calcium

deposition.
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speci mens were clanped. A |ubricant was contai ned

within the lubricant tray and heated to a tenperature
w@R003P®3bYy resistors within the bed. This was PCT/GB2007/000689

controlled by a thernocouple. A load (either of 20 N

or 40 N) as applied to each station via a |ever arm

mechani sm A |ubricant |evel 18%ensor made from pl ati num

wire was attached to the lubricant tray to allow the

TH &2t whe Be sERistidi fiedv e tti @A NDB!  constladst twice a
| evel . This was topped up froma reservoir

f
wiiet | (aRRr et & - 2 Akl bteR ofVELeBUnt P RASHLBRANKEFed oPPed
1%% %gioﬁé%bgr%%%éﬁ%ﬁingQewéiﬂﬂyﬁb|§ngHéM§%ﬁ§¥e§9 Any

cover was p over theentirerig to
aeent 1aost cannt wabnatlieemeidr dmanhethg nbelphieeant Thaths and
| ubri cant used s . 24.5% bovi ne serum (pr.otej
Whi SIS 1575 BIRTRRL nTBROYESodi urlAei A TRIdey (§Te  then
SR AN Sk t heor et Bqofudied elal apasde 20rmvh&EDTAMdD consistent
prevent cal ci um deposition. The wear was assessed

ereioeet rically PiAs |2edt PURTES aVGkRk tO&Pprox I35 three
tg%ljnéé _ogélcyacl Sglakﬁlgngpag#ﬁntﬁﬁaﬁ’@stét QPRednE P AHOWhHOhverage

eani ng and wer g e sanples. Any excess
webghic ante amasierd .eanedoht ool t Fepdaimércanwelrgt hgsadd the take

pi ns d pl ved. Th L :
BLo3 0SB 10 Lmuet ThE SADL R S IR ALSRORY e
?IQ%Q§OHufH%§FiH§ ardpl ahestyere t hee Waiaghechd hwee then

I mes on a bal ance (accurate to 0.1 ) and an averagc?C
reighempbedr dad. td}ﬁqtlc‘ébrs%@wnﬁ%rﬁg%@dusedﬂf% PgRE tests

ggggugérférﬁgs Lybricant abseiphi @pcebsboth the pins

Vacuum oven drying tests were also performed both before
and after the wear tests in an attempt to get the ‘true’
weight loss of these materials and compare this to the

standard weight loss measurements.

The wear volumes were plotted against sliding distance and
the gradient of the line through the data (determined by
linear regression analysis) provided the wear rate. The
wear rate was then divided by the 1load and sliding

distance to determine the wear factor, k (N "*m™t) .

Examples 4 to 12

Using the procedures described in Examples 1 and 2 pins
and plates were made and combinations tested under
specified loads, using the general procedure described in
Example 3. A summary of materials used, the load applied
and calculated wear factors is provided in Table 1. Table

2 describes volumetric wear for selected example.



pl ates during the test duration. The machi ne was then
reassenbl ed and the |ubricant refreshed. The wear

wo eawm®99ser e perfornmed up to two mllion cycl esPCVaBHTI000689
oven drying tests were also perforned both before and
after the wear tests in an attenpt to get the true
wei ght | oss of these material4® and conpare this to the
standard wei ght | oss neasurenents. The wear vol unes
were plotted agai nst sliding distance and the gradi ent
of the line through the data &detern1ned by Iinear
regression anaIyS|s) prOVI ghliehd wear rate. The wear

Exbap EIUHUd Frgitggistance —3
o TELe i e ThE AR [P T predh [ T
gi“llduql;i RE0E; f;ﬁa;:ej‘wm;r;;d e e 2746 2110
g&w@@ﬁ%mf. edAG858d__using| §08 genedA).393 | 1.701 [4.094
Br ocedur [V H4ERE | hed i f PERKMOEE IMA |M@Nmmary |6f- 431 | 0.529 [ 5.960
materi aljs used, the | ¢&dlapplil@¢@nand cal cul atjed weay
factors |is provided i nSTahslidiked)Tapl e 2 desdri bes
volunetrfic wear for selected exanplie. Table 1|Tabl e
2LTI wi t|hPERXR6QATINA t h UBDWPRAN Car blono¥AN Caffp0n 2 [4.163 | 4.325
Fi bres Ritres 11 MRREK{ OPTI MA PEEK- GPTI MA 40 (.15 0./53
0.68 LTI| sid#i B0%ATI {with 30% PAN [Car bon PAN Car bon
8 PEEK-OPTIMA | PEEK-OPTIMA |40 2.34 [2.33 .67
LT1 LT1
non- non-
sterilised sterilised
9 PEEK-OPTIMA PEEK-OPTIMA 40 1.92 2.58 .50
LT1 LT1
10 PEEK-OPTIMA PEEK-OPTIMA 20 2.30 3.56 .86
LT1 LT1 '
11 PEEK-OPTIMA PEEK-OPTIMA 40 0.07 0.27 .34
LT1 with 30% | LT1 with 30%
PAN Carbon | PAN Carbon
Fibres Fibres
12 PEEK-OPTIMA PEEK~-OPTIMA 20 0.36 0.53 .89
LTl with 30% | LT1 with 30%
PAN Carbon | PAN Carbon
Fibres Fibres
13 UHMWPE Gamma | Stainless 40N 1.1 0 .1
Sterilised Steel
14 High Carbon |High Carbon | 40N 0.78 [0.06 .84
CoCrMo CoCrMo
Table 2
Example | Pin material | Plate Load (N) | Volumetric Wear
No. material mn’/million cycles)
Pin Plate | Total
10 PEEK-OPTIMA | PEEK-OPTIMA 20 2.3 3.68 5.98
LT1 LT1
9 PEEK-OPTIMA | PEEK-OPTIMA 40 3.59 4,97 .56
LT1 LT1
12 PEEK~-OPTIMA PEEK-OPTIMA 20 0.35 0.49 .84
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Fi bres Fi bres Exanple 13 By processes anal ogous to the
processes descri bed above, the wear perfornmance of a

W@ 00430 conpri sing PEEK- OPTI MA LTI and PAN PET/G8r007/000689

fibre pins and pl ates bearing agai nst one ot her was
conpared to the wear performance of a conposite
conpri si ng PEEK- OPTI MA LTI artt pitch-based carbon
fibre pins and plates bearing agai nst each ot her.

After 5 MLTliebthyBdDeq ITe wiatul3c are as fol[l ows: L]

Resul t s janBANi sgubshor Refergddieprd o| Table 1 ,f it ca
be seen |t hat riBeekot al] wearifed he pon-sterilji sed PEEK

coupi i ng| | ek Lobd r—ojatte
sterili seé?%%%ﬁi ﬁ%ﬁ%@ 0 ti bOe. pHER-15 | 0-53
sanpl es [ar u j aga] the sape materi gl
( Exanpl es }tﬁﬁa %Higg oa\éltlg‘ .th?/er Meal than thd al | - PEEK
Dfess) Tes o |
i |

aarmanonlt o to \deed-t hellowest

.68

({
CUTTPUTTCTIT S \L}(allp‘l T T ITU

wear for any of the all polyneric wear couples tested.
The total wear factors for the test using a 40 N | oad
&ﬂé&iﬁﬁeen times |ower for the carbon fibre-PEEK
mat eri al (Exanples 11 and 12) than the PEEK sanpl es
(Exanples 7 to 10) and for the test using a 20 N | oad,
Bieynieres S« ehaksgbumerto Tites wpavctaster sids@ribed above,
EEEK;NQD]T:I MArITT(')I cont aio:f' ng 30% PAN carbon fi bres

i CUPAL BN SSFAIARSE (He B AR RARES dFOURYE IS BE5K-OPTIMA

has aroveaN weakrbbactfabrehagiddain@f phkadist iHaling against
used successful bearing couples used in

one other was compared to the wear performance of a
composite comprising PEEK-OPTIMA LT1 and pitch-based

carbon fibre pins and plates bearing against each other.

After 5 million cycles the results are as follows:

Wear couple Total wear factor mm®N'mm*x107®
CFR-PEEK CFR-PEEK 0.25
(PAN) (PAN)
CFR-PEEK CRF-PEEK 0.92
(Pitch) (Pitch)

Results and discussion

Referring to Table 1, it can be seen that the total wear
of the non-sterilised PEEK coupling is similar to the

total wear of the sterilised PEEK coupling.

The carbon fibre-PEEK samples articulating against the
same material (Examples 11 and 12) gave lower wear than

the all-PEEK components (Examples 8 to 10) and indeed the
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medi cal inplants . Wen conpared wi th UHMAPE
articul ating agai nst netal (exanple 13) a greater than

wooM7oedorti on i n wear factor was observed f orPCT/GB2007/000689

PEEK- OPTI MA LTl contai ni ng 30% PAN car bon fibres
articul ating against the sane material. Wen conpared
with a netal on netal wear cdﬁble (exanple 14) a
greater than 40% reduction in wear factor was observed

flowePEEKY &R | M1 TengonbAi nineg 30%6 @%{‘13@@&?@ fzvleEEcteScouples

cul at i t the sane material. Referring to
%SFSH T?‘%e% TeRE aé%ﬁ'o%‘ﬁ PREKERPTERRELBS1ING a 40 N
abhiCWeald Nen 28R ast ttlﬁ%ssqf&zé@t%f alne URSYHRY St é/—PEEK
showed that under a 40 N | oad higher actual wear ra

WéFéréBéer\fgé}atnﬁéﬁSv\héﬂ uAddr 32P0 Bhéwadth&hi BEEK samples

|d th
?ﬁ%g@%ggsfﬁ :E I|e Ioagogée ¥9§§§f§§é$§k. 5@aﬁl load,

tBeg, wab8, sik- ti&eé'Ime@Logy of polyetheretherketone"
; SM Hosseini and TA Stol arski, Journal of Applied
Pol ymer Science, 1992, 45, 2021-2030, " Morphol ogy of

Paky W2 Vess cDebsi st Resptk ngpt fiem Prhf eé&ﬁ‘«% afPM@Chos pan
Condi tions"; M)Q Zhang, ZP Lu and K Fri edr

¢arb@nog§lbﬁ?érn@trut@@aulai:g% 3Q21in63- thk Zél%tnllﬂJdaﬂscterlal
Lic 1 183 624-63 sl
K??é# gn ag mear of%PEék Bhd "8 TcohpS: iﬁ?écﬂl that  of

ﬂnydethamp anded UsswbesbfuPr aseat s n. ccB@&f'es used in
Lne rs 1396 210, 11, The wear of cross-|inked
§8? yEBREBRESinstWheR eF PPP2Red JHiER  HHMWREUrRstdrat,ating

E@QﬁnstnﬁéﬁalwﬁéﬁaﬁﬁgbnqgrS 1%%@at%%05h% 76duAﬁeductlon in
conpari son of the wear of cross-| pol yet hyl ene

dgarnd@dtcosel vas observed for PEEK-OPTIMA LTl containing
30% PAN carbon fibres articulating against the same
material. When compared with a metal on metal wear couple
(example 14) a greater than 40% reduction in wear factor
was observed for PEEK-OPTIMA LTl containing 30% PAN carbon

fibres articulating against the same material.

Referring to Table 2, the volumetric wear of PEEK-OPTIMA
LTl articulating against the same material, unsurprisingly
showed that under a 40 N load higher actual wear rates
were observed than when under a 20 N load. This is
expected as the wear rate should increase with an increase
in the applied load see T A Stolarski, Wear 1992, 158, 71-
78. “Tribology of polyetheretherketone” ; SM Hosseini
and TA Stolarski, Journal of Applied Polymer Science,
1992, 45, 2021-2030, “Morphology of Polymer Wear Debris
Resulting from Different Contact Conditions”; MQ Zhang, ZP
Lu and K Friedrich, Tribology International 1997, 30, 103-
111; ZP Lu and K Friedrich, Wear 1995, 181-183, 624-631,

“On sliding friction and wear of PEEK and its composites”;
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with the wear of ultrahigh nolecul ar wei ght
pol yet hyl ene against itself". For the PEEK sanples the

waodoge3pi c wear rate with the 40 N | oad was 8PGBHGB2007/000689

mB/ mllion cycles and for the 20 Nload this was 5.98
mB/ mllion cycles. However, surprisingly, the carbon
fibre- PEEK conponents denonst®ated a | ower volunetric
wear rate for the 40 Nload (0.68 mmB/ mllion cycles),

tthan fayrcd,he FEamaskeaaredupl e uhesbedhynder-o20 NIhQads Mech
(0.84 mB/m]lion cycles). Referring to Exanple 13, it
e thatl 2 ear 2éBupl éleonprlihs ngveREEK @fd cross-linked

Fer-Tglo) lhRres. { birts ar ared
A S B DR 8D B AT ME ETRE! ooz,
oW de apprrecideeld Ehgtpeemspdrviécul2an, tdg7 conposbihgarison

erials described may .advantagepus|ly be used in ‘
gégéar{l:'fﬁ% appri c%lr:i &Fsos_gq#Wﬁéngng&;ég?n@ata&a% 1tself
tehiec et o6 | abafay AAYBREABEGHS b 1Reyused vfé?irg]p@a{)bﬂgle%:hylene
S.

surfaces for reconstructive joints or other” par
SHEHTF talidS e "ot P % Halre t sanek¢ sl helevohsnehatrec wear

i i ar f cecat_isncreased | oa
SRR, ) IR RS eESR0EH | Ses ana
rfgtrertihel 0 i Hiogld |tdeics appd 58 ons /stithias telcdlesknee
joints. In conparison with nmetal or ceram c conponents
these materials can be manufactured by a | ower cost

ol evelrs eéﬁkpk@ﬁinqmgvfa@ﬁ@rkﬁﬁikQPF?iﬁH@hPﬁﬁK components
injection nmoul ding. There may be additional benefits
iAFMeLS kg atREs @ | dwsieFoduPLismabE e | alearconpaeedon t hhe 40 N

H%k@]S(@f6§eﬁﬁpi&§11WQECh &) us regg, shiel din
and subsequent éone resor%)?l o%.g)a’ Tl P3SN Yole wear
couple tested under 20 N loads (0.84 mm®/million cycles).

Referring to Example 13, it appears that a wear couple
comprising PEEK and PAN-based carbon fibres exhibits lower

wear compared to a couple comprising Pitch-based fibres.

It should now be appreciated that, in particular, the
composite materials described may advantageously be used
in bearing applications - they have low wear rates and the
material may advantageously be used for bearing surfaces
for reconstructive joints or other parts. It should also
be noted that these materials demonstrate an improvement
in wear performance at increased loads and therefore there
may be benefits to using these materials in high load

applications such as total knee joints.

In comparison with metal or ceramic components these
materials can be manufactured by a lower cost and more
efficient manufacturing route such as injection moulding.

There may be additional benefits in using these lower
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they are less brittle than ceram cs; and use of the
worade9ebs avoi ds the production of nmetal lic WeEr/GB2007/000689

debris and the associated health risk of netal ions

bei ng rel eased into the body gsee for exanple R

M chel, J Hofman, F Loer and?d Zilkens "Trace el enent

burdening of human tissues due to the corrosion of hi p

héedutuPrastbesas snmedapalirecohalth ot toanies m)tybeleamfrbsandlhich

Ar ch. Orthog and Traumat. Surg %984 103, 85-95; g

qan/jGy¢Fe £ %RRaF}éle#dP’égvéPﬁl 58 SeﬁuﬁﬁFkPPﬁgnreﬁgrp ion.

Riska, din Othop 1995 329: S280-289, wherein it is

descri bed how in patients who had a netal on netal

@’me\t hilpantpbasemdntthehanaeziats sges¢rithpéeprfashat they

3 ti,nes high han .t xper
o8 oRe8 WREEE GHIRR. AP RBE b e g BE L R ki als
Susider @y aprages tabont hefcm‘moa;llzecheeam al:lsbrls and the
descri bed i ncl ude | ower wei ght ééhan met a

#5561 50 aMaSigy G neEhiftedl BIpCsTIRg Eshpared into

%ﬁéhb 5%MW§eEh§5§b¥x§ﬁbQW'RQMEGh%Qeer@%E%ana @fﬁﬁkgrand J
egree noti on and eS|ganeX|b|I|ty CLAINVB 1 .

astkenby “Fomee siieperta) bardﬁnsngp@rft higmath %bﬂ%\ﬁ?%eéue to
first _conposite terlal CE st

glﬂ?yn%(ﬁ% i IHF cdPBon | BogEhV\ggg’e%ﬁggé £ cobalt
Ehf&he Pl gﬂ:’deﬁnuﬁat eahal Axftﬁi udesthopepeatd umrhumﬁt Surg.
formul a an

1984, 103, '85-95; and T Visuri, E Pukkala, P Paavolainen,
P Pulkkinen, EB Riska, Clin Orthop 1996; 329:5280-289,
wherein it is described how in patients who had a metal on
metal total hip replacement the total risk of cancer was

found to be 1.23 times higher than that experienced by

patients with PE on metal total hip replacements).

Further advantages of the composite materials described
include lower weight than metals or ceramics; and improved
mechanical properties compared with UHMWPE thereby
allowing thinner parts, a greater degree of motion and

design flexibility.
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(b) a second part which conprises a second conposite
mat eri al which includes a second polyneric materi al

wae@7ogu3bon fibre, wherein said second pol ymerPCT/GB2007/000689

mat eri al includes a repeat unit of fornula wherein

said first and second parts bear agai nst one anot her

2 . An assenbly according to2@laim1 , wherein said

first part and said second part are novable rel ative
¢onpne another.3 . An assenbly according to claim1l or
Cclaim2 , wherein said first and second parts are

| ubricated in use. 4 . An assenbly according to any
PF99£§'§§s&ﬁBiglc&ﬁﬁ&?bﬂné@'d assenbly is for

Inmplantation ih a hunan body so as to replace a

structural elenment of the human body. 5 . An assenbly

ccor di tQ an recedi clalm. sal Ss Iy bej :
?%} %se??ﬁsgr f\r/ad%hd "f%fecr}gpién%{;@%lr ‘?%)r %se%irr%%n Citbosite
pitéfigl alwh ot irzludds asseidst apedrtierd ct omatyrial and
preceding claim wherein one of said first or second ,
9®¥b@nco%9ibir§es FhRTG | Sttt ahliTEhe BOHIMSFR Csaifpterial

Lhephags é?%@%&a%aﬁh tCREPEbLsRR1a fenmal e el ement
erern sai 'e and fenal e el ements bear agai nst one
another. 7 . An assenbly according to any preceding

claim wherein a bearing sugface of said first par
: [ erifal ;

and;

(b) a second part which comprises a second composite
material which includes a second polymeric material and
carbon fibre, wherein said second polymeric material

includes a repeat unit of formula

wherein said first and second parts bear against one

another.

2. An assembly according to claim 1, wherein said first
part and said second part are movable relative to one

another.

I;
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material . 8 . An assenbly according to any preceding

claim wherein: said first part is nmade substantially
we@ndo70e43y7 f rom said first conposite material; PCT/&B2@7/000689

first part conprises a material other than said first

conposite material but a bearing surface of said first

part is defined by said conpd8ite material; and said

second part is made substantially entirely fromsaid

secaid £089051te amicardialy ty shatimnsécaxd phatim 2, wherein

conprises a material other than 3 I d, second, conposite

TR S b ANALBRFPRY BAFFAcRTef LAREHCATSHCEAdUPENt | 5

defined by said second conposite material. 9 . An

assenbly according to any preceding claim wherein one

bf Jai dassenblyr aseomdd ngartcs Yy tecasdent| glaam, naherein

head he. fiLe it hi
S I TRa REda " bs tary GRRBPE 00 A8 AR KO go,g0 v

+&p BAYe P4 esedioguehai glembatebn shedhamaanbbyyi.s for a
hip replacenent. 11. An assenbly according to any
preceding claim wherein said first polyneric materi al

55 %.rge%;srs@nﬂl%}' milafyihg whergiyn Fféc@ﬁ@n&zoc;laj]@i said
An assenbly according to preceding claim whérein said
dssatbhpl pabnge fwat ersealin ot Lakeeund thRassprébepplogwionr use
[ epeat uEi%s of forgHIa I . 13. An assenbly according

13 2 PrEEEGERY dPAPYY wherein said first pol ymeric

mat eri al consists essentially of a

6. An assembly according to any preceding claim, wherein
one of said first or second parts comprises a male element
and the other of said first or second parts comprises a
female element wherein said male and female elements bear

against one another.

7. An assembly according to any preceding claim, wherein
a bearing surface of said first part which comprises said
first composite material contacts a bearing surface of
said second part which comprises said second composite

material.

8. An assembly according to any preceding claim, wherein:
said first part is made substantially entirely from said
first composite material; or said first part comprises a
material other than said first composite material but a
bearing surface of said first part is defined by said

composite material; and

said second part is made substantially entirely from said
second composite material; or said second part comprises a

material other than said second composite material but a
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repeat unit of fornmula I wherein t=I and v=0 and said
second polyneric material consists essentially of a

wo eaar9sonit of fornmula | wherein t=I and v=0.PQBGB207/000689

assenbly according to any preceding claim wherein
said first polyneric material and said second
polymeric material are the sdhe. 15. An assenbly
according to any preceding claim wherein said first

SOMPDSd t SubBheei alf i Nwdhudes satohdaprdOvtdo oéfsaed by said

first polyneric material and up to 70w % of carbon

FePrRd campohtasBehBFy24ccording to any preceding

claim wherein said first conposite naterial conprises

60 to 80wt % of polyneric material of formula | and 20 .
90 40wt 86sémbiybecchirhiag o Y apteadfiynacedpdimg wherein

an ecedi,ng.cl ai wherei nh said sego c Lt :
ﬂ%%eg aPaégn%FF§ s ?%F%ﬁéhg§%ﬁsp§fyﬁgFi%gﬁggggsmdeflnes
of hbaumira | tRed o2Bietr0 POt Yoefinasban dodket #&8thAn which
assenbly according to any preceding claim wherein

the dieadsispaivVoEBRpRi-ses a first conposite material
conprising said first polymeric material and PAN- based
carbon fibres and said second part conprises said _
secohm esorpubilye avatcerdialg comprnsi pyesafidngecdrmdm, wherein

Rt 4T SpoGrB0Y i Rg ah sCeRnrgbBioEhrRcr i rst acpect,

sard first aspect,
the kit conpri sing:

11. An assembly according to any preceding claim, wherein
said first polymeric material is a general formula of I,

wherein t=1 and v=0.

12. An assembly according to preceding claim, wherein said
first polymeric material includes at least 60 mole% of

repeat units of formula I.

13. An assembly according to any preceding claim, wherein
said first polymeric material consists essentially of a
repeat unit of formula I wherein t=1 and v=0 and said
second polymeric material consists essentially of a repeat

unit of formula I wherein t=1 and v=0.

14. An assembly according to any preceding claim, wherein
said first polymeric material and said second polymeric

material are the same.

15. An assembly according to any preceding claim, wherein
said first composite material includes at least 30wt% of
said first polymeric material and up to 70wt% of carbon

fibres.
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(c) a first part as described according to any of
clains 1 to 18; and (d) a second part as descri bed
wa@ewangisny to any of clainms 1 to 18; wherei n sBETGBRI0S1000689
part and said second part are cooperable to define an
assenbly wherein said first and second parts bear
agai nst one another. 20. A patkage conprising an
assenbly or kit according to any preceding claim?21. A
nmet hod of manufacturing a first part and a second part
as described according to any of clains 1 to 18, the ,
Ifet Hod @@wnblsmgcp@raiﬁg tes Faet | RS FRAF R HgCpiRac¥herein
A §aled Lr SLo@fls PECORLRANLA T LA 21 LLESI6EORBOSGifes of
material and a second conposite material respectively.
@221 ymér het hatle of a hakifndg oamudss dnfind AT ordi AQwtd ady carbon
of clains 1 to 18, the nethod conprising: (a)
¥eting a first part as described in any of claims 1
to 18; (b) selecting a second part as described in any
of claims 1 to 18; and (c) contacting the first and ,
Ebedt papesbiy BREOrERBIpHA LHERTAGRFHRY Shaim, whereln
ot her j id y. The. u a 3
%géétgggﬁggagg%b|?§¥%0H%§§§g?hd33%k§ﬁ$$% ?g g%ﬁ gOWt ot
sebaner par nagechedli ng tforamiaofl clrad 20 1te0408tknotfthearbon
nufacture of an assenbly which conprises said first
Second part bearing agai nst one another for

18. An assembly according to any preceding claim, wherein
said first part comprises a first composite material
comprising said first polymeric material and PAN-based
carbon fibres and said second part comprises said second
composite material comprising said second polymeric

material and PAN-based carbon fibres.

19. A kit for providing an assembly of said first aspect,

the kit comprising:

(c) a first part as described according to any of
claims 1 to 18; and
(d) a second part as described according to any of

claims 1 to 18;

wherein said first part and said second part are
cooperable to define an assembly wherein said first and

second parts bear against one another.

20. A package comprising an assembly or kit according to

any preceding claim.
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21. A method of manufacturing a first part and a second
part as described according to any of claims 1 to 18, the
method comprising forming respective bearing surfaces of
said first and second parts from a first composite

material and a second composite material respectively.

22. A method of making an assembly according to any of

claims 1 to 18, the method comprising:

(a) selecting a first part as described in any of claims 1

to 18;

(b) selecting a second part as described in any of claims

1 to 18; and

(c) contacting the first and second parts so that the

parts bear against one another and define said assembly.

23. The use of a first part according to any of claims 1
to 18 and a second part according to any of claims 1 to 18
in the manufacture of an assembly which comprises said
first and second part bearing against one another for

implantation into the human body.



