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COWPRI SI NG COMPCSI TE MATERI ALS FOR BEARI NG SURFACES
AND USES THERECF | N RECONSTRUCTI VE OR ARTI FI Cl AL

de Nio3s 'Epl s invention relates to polyneric R '2967%00689
aha part reﬁg{ es

particul arly, although,not exclusively,
to the use 5 of such materials in assenblies
conprising first and second parts which bear agai nst
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v REQONSROPOSEIG RREQkLAkS sb@frsbearing sur
exanpl e for reconstructive joints (or other parts) of

human bodies. 10 A wide range of naterials has been

pLoposad fak ﬁg |£bf§§£§stggct r artlflcg%%ﬁﬁ1e and

joints (or of er parts
P@rt}@mlﬂxixw akxhomgasuﬁfanﬁﬂumﬂvehg,spemeteéoto the use

5 §Qou+lg fln 81 jOI ntsﬁ%ﬁﬁ%ﬁ%,&gpar“l%g flrst and

ota Ip OI' nee repfnaca

Batem@apamhaluﬁbkﬁlSHeaﬁbag&insﬁpoﬁﬁla@@Ehe&998 Preferred
|

scrlb s . th ess of total

PRI yE ER e Coadbia ha 1o broatRe el (e taRiAp for
BSaﬂMm@gsg&eabbg toER0 bhempse @borultddsddthctive joints

nol ecul ar wei ght polyethylene as a bearing surface

? ?%h?%uﬁﬁ%ﬂﬁ) & SHehERELeExcel | ent wear is
10 acknow edged when a pol yethyl ene bearing surface is
- coupled with a nmetal or ceram c fenoral head.

Moweder rargsr gbf e#ﬁrﬁgraékﬁowaédg@fn Pr¢pesedhefdebrise in

PEOSHINE B ved &/)\Eafar% !lé{ft 536' ipts M “BLRErAPETEST of

blologlcal reaction, |ng 0ss
yaran| had %9Sanﬁors&§9@q&§nﬁby ]Eh@tﬁe@¢thaHmhgtS&Efaces

Lt T .

have been propose
15 somsiadetal tomplantis m&ykﬁaelrepd&ceménﬂsyely short
time whilst some will last much | onger. Such
I nconsi stent performance is, of course, unacceptable.
Tnihimlc@wermfcmmadhbhiaduvbiessin BONtID] I p0661-667, 1998

A ed? 0L LA0CE 012 FBL 0 LS gy in
tﬂfetd;\@ccﬂtuﬁl hﬁnyfoft hﬂléﬂiﬁzoy‘ ideg®lfry 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 1s acknowledged in that the debris produced by
- 25 wear of polyethylene may cause adverse bioclogical
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



Ceram c-on-ceram c joints have been proposed but
these require even higher manufacturing precision
than netal --onnetal joints because of the inherent
brittleness of the ceram c. Thus netal -on-netal and
ceram c-on-ceranic joints are nuch less forgiving in
t he desi gn and manufacturing areas and nore sensitive
to surgical techniques conpared to polyethyl ene/ netal
joints. Another problen1mnth known materials is the

. tendency for themto exhi'bi t i ncreased wear as the
| oad on then Increases. If, in ajoint, thereis -
a:mxemangeotdfera tmmla—cpremfe@@tl fiimp Ysatwearwh wos bekedrapce,

ghigithe %nff@%aed‘x'\ear A °EF oS s AL DRSSy

ﬁ@sque of -the joint. is an object of the present
di scl osure to- address the af orement i oned probl ens.
According to a first aspect, there is provided an

23RBLYon COMPLRSE NGointad) Hadd r Bbepargrodisdi but these
conprises a first conposite material which includes a

fieaui rpobyaRr R EaReE dPanufafi@rdRonBReFT B8R WARR gpgtal-on-
1l ol ' e | ihRebufesLaikepeabsyNi
agkdy Hoint8 SR e Th f Sk Ras 00055 Syarﬁ’E the
Eetamla_second part which conprises a second
conposite material which includes a second polyneric
mat eri al and carbon fibre, wherein said second
' wnhynﬁé££i¥ﬁﬁ4ﬁéﬁﬁlianﬂtnhramacPepeaErmmi¢ Péidios mrea much
wherein said %!rii and se%P
,éaéﬁn&raﬁgl%omeﬁt esign an

more sensitive to surgical techniques  compared to

art%"bear _
uracturing areas and
polyethyléne/metal joints.

Another problem Wlth known materials is the tendency for.
them to- exh:.blt :anreased wear as the load on then
increases. If, in a joint, there is anything other than a
perfecﬁ fit. betweén two bearing parts, the joint may weai
more quickly than expected (due to the increased loe__l:dl),

leading to premature failure of the joint.

Tt is an object of the present disclosure to address the

aforementioned problems.

According to a first aspect, there is provided an assembly

comprising:

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

includes a repeat unit of formula
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15 Said first and second parts may bear agai nst one
another so that, in use, one or both of the parts may
have a tendency to wear and/or produce wear debris by

W(#Jﬂ%@:s@; contact between the parts. Advant ?g?%ﬁb 1000689

owever, the 20 materials fromwhich the fi
second parts are nade nmay be such that the anount of
wear debris produced and the3zrate of wear is
significantly less than for corresponding parts made

fron1oth-

contacts a bearing surface of said second part which
conprises said second 4 conposite material. Thus, in
%Q& assenbly, a bearing surface which conprise sai d
IT'st composite material suitably contacts a bearing
surface which conprlses said second conposite

te | n as ly, said first part and said
@cd{nd St %d 5r%efe anﬁ FHRBISE T efPat E?&OF ofrposite
Teanitoe dier 1 ﬁhnichxamaﬂedea tseaBEng&U@Eﬁ?ﬁe@ﬁ.coﬁﬁt%frlblle and
garts ngg be arr qed to slide over a bearing surface

Hee partiStedny £6-F) r SCOGRE sBEOHECPS t Suakgrial

hﬁ:md/eﬂi EdDhﬁeﬂé%ltatdn\iQ @ @vemamngt her. Said first and
second parts are preferably lubricated in use. For
exanpl e they may be lubricated by synovial fluid 15
when used in a human body; or lubricated by a

| ubrication fluid such as an oil, when used in other

o) '
a structural el ement of the human body. Said assenbly
may be for use in or around the spine, for exanple in
whsingdin n6aiflusforst eetmdol egresyd wafiy beeri nagainst one

adifd,.cial joints, for exanple in fingers, hips,
ﬁ<nees shoul ders, el bows, toes and ankles. 25 One of

said flrst or second parts of the assenbly may
%§;%£g§§%g par#s n%?ncgéﬁg geﬁggfg%g?eaggéﬁ%hgc%keﬁ@Pﬁher
ss:al thag) e iandudemabaecelamebbshbedr agai pattoNeay have a
%telgl%ry’ 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 is 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 saild second part which comprises said second

I1:
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30 suitably with said bearing surfaces which conprise
said first conposite material and said second
conposite material in contact, and said mal e el enent
ble relative to the fenal e el enent

?ﬁh&ggft may be made substantially entlreﬁngygﬁh%gmw9
said first conposite material. Alternatively, a first
part may conprise a naterialgother than said first 5
conposite material but a bearing surface of such a
Ebhstspait ﬂgﬁ% defingd by sgidfdr site
nat%r?al Suc I'l?{'(:abearlng §hrfg@eqﬁ§§ éésgégyﬁédab bearing
suppregy ovhtot | AYrP oI sot r@md sélpnsdrw «Hon@psatbayﬁaterlal

e er I eG r of saj

?Lﬁ%ﬂ%% ?8@?%% gﬁ?enal]}ng sal Fst L&bjaorf %erses said
exaomd ecomad €li ¢ rsateaairdl .may conprise a netal or
ceramic part (e.g. a fenoral head) which is capped
with said first conposite material or the first part
nnytnenasssﬂbbpnesén.deflwe DAY @hd DEALH NI BBAEpAHY are
%%gﬂbearln surface i s capped or_otherw se 15

TaPLRi P TS fonpssi eBokkesri BPT wample, a

sss;pmb patkrEBY R nesle sebshantialdy fBYi kel yasza%@ed to
d second conposite material. Alternatively,

%Jelc%%doasrt FraPeEEApRi SHTfaRs! &% akhet r@?hetlhanasfm d Said
see0ndaRl GUTROY 8B iyl pbUD,3oBeRl NG AULEACe 1ol one
such a second part may be ‘defin é by sai d séecon

FMPYYite material . Such a bearing surface may be

defi ned by capping or coating, or otherw se

providing, a layer of second conposite material on a
et uFsost oﬁngals@cwdomrpartarfeorpﬁfaim‘hw ngusdicdted in

HET BBl SAPLSy 38 SLBSERINTE) Moy s
Wi'wd)usmi cnis haqnqmdbwiy.h sai mm&%@%lll_ﬁnrlcatlon

or t he_secqnd part nm ris 0 (i.e
#ﬁ}e fu? | FeaPPnd* té‘ﬁ‘ieé’I) %ﬁ‘iré %ﬁa pRylications.
b&uryf acgffsrempe;@p@rs ahesyb SR By e&amfaaggﬂnw Elrst and
econd conp 6 One of said first

sai ite materi al

S R s 68 e BRSe dHl J PSP SAEEARE. a HEERFSHTPLY .
ddiel OtfiienPant MRY ol Nemp1sgekelomi thi n whighthe poay,
head |s pi votable. 5 In a preferred enbodi nent, said

Y hRy BRP¥aE a2hi P rusiivdedment enent mef  the human
LAY | S%aad‘ egpsahppadagndban racetahul 2h TPep i the
Bearing surfaces_which contact one another suita
Shi@edefiHedeBFmRES dini ﬁ@ﬂnéénﬁ@@rﬁﬁsmnememhnaﬁtdgsasd or
ﬁ%COHQeCQ'Wo?EEQgEBEQE' alyintQ Sakgy fids] g?.%l Y& S hgers,

material prefera I ncl'udes ™4 said repe
hM@éneknEFSanahvuﬂddepen@kbmW§hltgamesanﬁ aﬁk6951

Preferred polyneric materials have a said repeat unit
wherein either t=1 or v=0; t=0 and v=0; or t=0 and

Onel. oﬂSSM‘ude firefer ved seaveadt Jlamnd vL0tiy s5feriy may

v=0. .The nost referre has, t=1 and v=0. Sai irst
<50 §ﬁ%?|c nRTET | &I CHPBF e PR tW%CPEB%§ &FI%ﬁﬁé Borst or

seebatly pares Qﬁ@f!ebaﬁlbylﬁé beaisdma&@ wleterf wBEAn 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.
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20 units of formula |I. Preferably, said first
polyneric material consists essentially of repeat
units of formula |I. Preferably, said first polyneric

i ncludes a single type of repeat uni f
W(Frg@%ggm . 25 In preferred enbodi nents, sai %chcﬁ;g?omeossg

polyneric material is selected from

pol yet her et her ket one, pol yet ger ket one and

pol yet her ket oneketone. In a nore preferred

enbodi nent, said first polyneric material is selected

from pol yet her ket one and pol yet heret herketone. In an

§spdcifalrby 3Gy ghayrbeé emwisiedi smtarddiad 1fyi rexitirely from
ma hereth et onge. Thus, ..

By eSS RAEeHET o nRbERTAREuRLy 6 Fizst

pssentmay | yccmipmseepesat mﬂ'ﬁdrl(aﬂ. f ohelra thwhereatdt Ifirst

and vQ. 5 Sa d fi yoeric material suitably has_.
B0Ri T OF ST vhrEor BEoread: s 6ackNey diish & irst
paet emalyl ybhasder iMéDf bt dzabt £0r99 K’:l\ﬁrlﬁo%.lt@rlﬁaterial.
referab at, | east 12 khbn}z especi al | at | east

u B Ns eérlfg MEEFERSRI (511 y PReaSet SRR Ysi capping ox
a@@tiﬂ;ga,ry bheogehEYwoBEr abirBgiat nd00Caat 1%ymearof ate pgt
of 1000s-1 using a tungsten carbi de die, 0.5x3.175m
%am@?%v%tmia%%w BNt BEPSNIRAY RAveaddwisist @egt for
wban, 1g k fera I an K@ﬁgkz

Sai d %%?stgg%lyﬁgF%czﬁgﬁérla?bﬁa§§%§€gga g%fé part
FANGROMP VB G ¢ (ies-adNgTn Zergmdtepably (Bngt he famgeal head)

By 2 S 2y 0 5 O LR 51 e e

ﬁliefp’@r abky imaut heomangee ObPnio (i G kKNshe2 naviiredy Hemring

ar, r 25.Said first
HEPELI] DR eI RO B Y D1 8 kb i otherwise
rmﬁ&mﬁ&nhd|w1¢mcemdah¢nrwmtboﬂﬁ&kﬁfﬁgmatériﬁll east 40
MPa, preferably at | east 60 MPa, nore-preferably at
| east 80 MPa. The tensile strength is preferably in
Sahﬁi r segendBOpa 28 OmRa bematRiepr i s10 vt e 1iaRae from
%OO MPa, 30 Said first conposite material _may have
nSPF L FRRBP R thedehPEtrt n adldrdRAte VRl AsEgcond

;Q]:Bfﬁ @fayor ealprikBana 106 iMz i1 Proeherabki-af 8588t @econd

than 120 MPa. 8 Said first polyneric material may
FRNRCSE g dakepnial but a bearing surface of such & second

:34

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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strength, neasured in accordance with ASTM D790 of at
| east 145 MPa. The flexural strength is preferably in
the 5 range 145-180 MPa, nore preferably in the range

wOIBAIA " ength,  measur ed i n accor dance MIFACH?

D790, of at 10 |l east 200 MPa. Said first polyneric
material may have a fl exural gnodul us, neasured in
accordance with ASTM 0790, of at |east 2 GPa,

f bLy: at ck t 3CP e qnreferabl t |leas
gﬁg ??C;‘.%’%:.L&Tﬁégg??exur a?eﬁo E&I sri%ss p(%gf )eépgbl%/ssleﬁrﬁjtlﬁle nay
dafijee 3.855- hdad @GPal hbee gitefrer pbky imayt héefinge a socket

-4.1 GPa. ..Sai.d fjr.st _conposi.te material may have
éi?P%QU?%&g¥n§ﬁﬁtﬁsa s@?@ggfﬁl§Ccordance with ASTM
D790, of at |least 7 GPa. 20 Advantageously, the first

olyneric material and said carbon fibre may be .
28] BcPEaTeo td) PEPORHRSRT opeiLe &S TR HE 74Y spe for a hip
eappasehenttnt er ral . m&pr el bherbhexar alhsmdubleg an

be tailored to that _of cortical bone 25

ma
%ﬁ%b%%%t%wqua-). Bap HlR@ cORE POty ekl eh neeriacl one
Bhstreablahimngiydes @ sabdingpeaty Unidid WHSLR Ncbmposite
and v independently represent 0 or 1. Preferred

BaF§REet Enmhtsedidaisedeare campaisd trepeberiml t 30

wherein either t=1 or v=0; t=0 and v=0; or t=0 and

v=1l. Moire preferred have t=1 and v=0; or t=0 and v=0.
Sabd nbérspr epéyhedinasateriadd preferay includes a said

R 710 1.d_second polyneri.c
AT a0 o Gy Roided af o BReRSEELYLPRe TatG © o
br ePeelibltye®Opobjesedé mepeatalsmi havef af araid ardpeat unit
Pr ef er abl said_second polyneric mategial consists
AT ST Fabest dmips ST ropba0f o= = nd v,
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 materizl preferably includes at least
60 mole%, more preferably at least 90 mole% of repeat
units of formula TI. Preferably, said first polymeric
material consisté 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 is

polyetheretherketone.
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5 Preferably, said second polyneric material includes
a single type of repeat unit of formula I. In
preferred enbodi nents, said second polyneric materi al
ed from pol yet her et her ket one,
p%f@@%ﬁ&ketone and 10 pol yet her ketoneketoné\)cTfGnmglw000689
nore preferred enbodi nent, said second polyneric
material is selected fron1pobyetherketone and
pol yet heret herketone. In an especially preferred
di S d [ :

poI§etgg?g?ﬁ§§%gfo%gealgﬂgﬁﬁgegére efgéffgtéﬁia consists
ee%@nmw}ynefu 8 mepertalunddnsist Sommslent I avhgreinat = 1
éﬁ it of formula I whereint =1 and v =0. 20

al d second polymeric material suitably has a nelt
viscosity (MV) of at least 0.06 kNsm 2, preferably

as.a of at least.0.0 ef erabl y at
PEEAT BYrSt, bRl IRRig o Rat Py Il | BRiEeBLYs kR 2 melt
ﬁEbdAéisyswwvabby Eeasigat usi 0y Raaﬁﬁla@meﬁbeeﬁeyrmas a

g at 4050 gt a shear rate of_ 100Qs-4 using a
&&PBFd kNgmge3 MogGRreferabdy, @iselGsif 0-12

: MWE%ﬁp@@i@Ilﬁ@b%&lW&) A% ess than 30 1.00

KNsm 2, preferably less than 0.5 kNsm2. WO
2007/ 099307PCT/ GB2007/ 000689 10 Sai d second pol yneric

Rt enisal @ Nave amé/a/swe&heue%ge Cbagﬁt r@r S rheometry
kNsnl12, preferabhy in the range O. m2. 5
R %R BEDNatc ARTS t et eﬁhﬁﬁrnavtlﬁavefariolﬂ@a h uRdng a

1tEO % O&k%gﬂ)ﬂje d'ligsnb25x frﬁbl y in the'range 0.7

Nsm 2. Sal secon ynerlc mat eri al nmay
have a tensile 10 strength, neasured i n accordance

P TSR ol 109, oHLE P o

1 i MNsTST @m@ﬁena&blm éfeasahjhym 0 .5heNsaifge 80- 110

MPa, nore preferably in the range 80-100 MPa. 15

Sai d second conposite material may have a tensile
ﬁ:‘rcertg:tfst np@.'&_}dﬂeﬁde nnaaice:ﬁ@tarm&yv\h&he ASTMVDERO tofe range

ter refer reater than 120

$6 BaPd REToha BEPSRERPLY mifertl Fijihabera 0 0.5
ﬁﬂﬁﬁﬁ[a| strength, neasured in accordance with ASTM
D790 of at |east 145 MPa. The flexural strength is
preferably in the range 145-180 MPa, nore preferably

ddid he 7N Qo 185 @ ri23 may have an MV in the range
0.5 to 1.0 kNsm?, preferably in the range 0.7 to 1.0

kNsm™. MV may be measured by capillary rheometry.

Said first polymeric material may have a tensile strength,
measured in 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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Sai d second conposite material nmay have a fl exural
strength, neasured in accordance with ASTM D790, of

at | east 200 MPa. 30 Said second polyneric materi al
a flexural nodulus, neasured in ac
(\Sﬁéﬁ’l&%@M D790, of at |east 2 GPa, preferabI(i)?’rélicfalﬂ&]emm'589
| east 3GPa, nore preferably at least 3.5 GPa. The
flexural modulus is preferabgy in the WO
2007/ 099307PCT/ GB2007/ 000689 11 range 3.5-4.5 GPa,
nore preferably in the range 3.5-4.1 GPa. Sai d
second conposite material may have a flexural 5
Pl uSirsbasprdgmeniaccortdantalwi MayASHAWR790; oflatural

4. GPa. _Advant ageous| t he secqnd '
ér‘r%?e;rgqtgf’ a% 2S5 rCicar oﬁCF?SEPgnﬁﬁy "B@: eggk%&g‘éﬂtg& of at
leadiorl 4heuBe operid elleofurkQ theesgthndscprpostilely in the
material, . anpl e, the flexural npodul us may be
{59 Ba5T PP nEEAT e | KL AR oy ShERey 1457165
MBPa) . Preferably, said first polyneric

materi al and said second 15 polyneric material are
the sane. Said carbon fibre nay be of any suitable

$aqe. Spigsear bempbkbte Na:be; PAN Baged mifvebi tLN f1exural
based. 20 Suitable PAN-based fibres nmay have a fibre
HSrAGH i nrepsuFgAge ™. Foerdasse gwe 3 ASTM ehBide of at
®Ianatdy ¢pgreater than 2900 MPa, a tensile nodul us

in the range 230-250 GPa a bul k density of greater

than 350 g/l. 25 Suitable pitch-based carbon fibres

' ' LQ-t r .2:2.0.cm 3
{3 BB o s Rt B NSy AREE ArR1 oG baus,
nepavgesl Noddasomfar® 506Pa ASSM D7, bart fatbrieasy 2 GPa,

I i1]]ed faqrns or exanpl e havi ng .aver age
engtljr?zﬁlytr;n <JflJl.ﬁe(Ei‘rea“ir‘fg};“e 21 6B85m pﬁ%%ﬁ?%ﬁﬁv%@, E?ﬁ £ 3.5
GFar.boTHel flescurmy) meduiushdppedekengbhe forciexamle 3.5-
Jj .%V Id%%,a\rél%r?:aeg%rle%g%tagiyl Ent t ee ' J?Qrggee 33 t 50— 43.%.mEPa .

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 fibrermay 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
l. Preferred polymeric materials have a said repeat unit
wherein either t=1 or wv=0; t=0 and wv=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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In a further alternative, endl ess carbon fibres may
be 12 present in the first and/or second conposite
materials. Such endless naterials may conprise 6000

w&Eoolfla&vg% filament tows. 5 The carbon fibres POYCB2007/000689
i ncorporate additives or a finish as is conven Rl

for such materials to i nprove conpatibility of the
fibres with the first and second pol ymeric materials.
10 Preferably, said first part conprises a first

osl {851 Ghe £OEPH SN 921 BrbEEsbioDpl yimREliles at
%@r?%%gggg }Eil\fljg%sed carbon fi brges. Preferably )
IRANth#fe dudief esmomkeprapfarabbysfOsnaies gf repept units

75wt % at | east 9 Iﬁ- S, Fﬁgg% Id Yoaterial
' 021%%&?8'5\/\1 /oofPl?%e\élc/ga?%{)’n I bre of Iﬁwe fiI?'sat _
eagiesist e asstemrtiiall 1 yPr effer atdpgatsaivgisscowd pdormuia  I.
conpri ses said,second ¢ osite teri risi

SR eb g PO ot PEoTAt SR SANS PARCEECRS carpies
diryies typRr effet-ably tPAN: basgdfbitues Tmake up at | east
50m % at |east 75w % at | east 90w % at | east

95wt % especially 20 about 100w % of the carbon fibre

of Lgf@féwdeﬁgaagﬁghes jakat dalsecbadd fdinsteric material
conposite material suitabl 3{ i ncl udes at Jdgatskg 31%3:"‘”@ and
i afedretef STIe R VAR DR DREKE OB ePAbY AT oH O

At 10 M Y SRBRIA! | Y T8l 4 eapiebpMdibeairesii shfddistent,

pol'ymeric material. Said conposite materi al mag
saic udsegondo 7DRLYFEHHCt 0 TEWRDA2up €6 40@BIFCERIt o TTOM

S LY N rg:%sl- e b hbske CORPOSTA CaBé &fd @lally
%‘gly‘? nc rd‘%?"g% taé££ wt %ec??\esgi d fi ?st pol y[re?i c ® . .
pied ferrizadd aembe@imenBp PRI, Dfcend bBRlYRRFEC Mm3tgrial is

referred . enmqdi t said first conposite materi al
Ig%Jerer }Eegﬁ%ﬁ%%%%m % of polyneric material of
formula I, preferably of fornula | whereint 1 and v

= 0, and 20 ta 40 w % of carbon, {i -ooed gh FLLsts ov
Btrodtt W@ﬁ’als %/ F%%Sﬁ%ep’%% %fi%o%%%%her S
SONPONENISy bf EBYdpealtudmitp ¢ i&m¥ba pfefrbeably Gp= 1
to | OMm % of ot her conponents. An exanple of 5 another

fporieft- is an X-ray contrast material for exanple
bari um sul phate. Said first conposite materi al

preferably includes only a single type of first |
POl et $EORMAL PP-RYTRF LY oi %Jf%rfa.‘l I tgl'%te)t% allky @ melt
+1‘sl§:é&@3_ecl$nkﬁvﬁ sknNglie it of , oar kaBmT, birefeaply has a
only PA

based; or only pjtch-based, but not a £ 0.12
MY xofir atoflepwd Oy 98s kKNSISH L RFEFS IR Yora ' meeast 0.

' d L{ ey Bt ef il ray: sl Sisadependent |y have
glﬁ%n??éaig%gggé%%f{he carbon fibre of the first
con‘posi te material.

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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Sai d second conposite material suitably includes at
| east 30 wt% preferably at |least 45 w% nore
preferably at 20 least 60 Wt % especially at | east

said second polyneric material. Sgi
W(S gﬁ% g 193 ?'CS/quoowooosw

e material may include up to 70wm %
56w % up to 40wm % up to 35wt % of carbon fibre. Said
second conposite material may i nclude 30 to 70wm % of
sai d second polyneric material and 30 to 25 70w % of

§21 Pofe dd oiﬁn&:ﬂf erﬁﬂéﬁdalegxag t Wta;) fecapd range

conposite meterial conprises
Pl ntei @ -Fatidisml’, obrederabay| ;nprtéfeera@we ob.14 to 0.5
f@Lirdl a I whereint =1 and v = 0, and 20 to 40 w %
of carbon fibre. 30 Said second conposite materia
may i nclude one or nore further conponents It may
ude to 15m¢@6 pr f er.abl to | OM % of of her

coﬁ%dﬁ%ﬁ REESeAmS &35T 1R éﬁ R&¥e 3 et Fae grange
ocsuay:ocomm agNsmbt,er pakiéoabeyxanpl echar lrtlﬂ’geSL(b phats. 1.0
gﬁldgsecond conposite material preferably includes

7% :a single type of second polynmeric material of
formula I. It nay al so include only a single type of
carbon fibre - . only PAN-based; or only
¢ h- paserd bEPllﬁ’B?rhcm BEGRELRE t WBYt ypa¥e Sa d tensile

S FSIgOONPRAShEE AL el ahoaRdagAbd SAGANIASPMPASIE of at
mat er1 al preferably conprise the same polyneric

teasdy i 4l e s rrederdbBnepridastady ¥iw gmee @rdtarably
4t bigasPrabenail.y. '?ﬁédttah5§iiec%@8§é£§ aequ]er ?)rd%g in

sai d second conposite materia ave
Senerangep i1l idh . MErhe mevenptgfafattlhe ifn risne a&pﬂm 80-100
%?g(i ncl ude one or nore additional parts which may

ar against said first and/or said second parts.

Sai d one or nore additional parts may be nade from a
descri bed. Accordln

first osite materi
FL WnE o BROER, chelep iRy aBay n Brverop | febile
firmerigthng mea sagseanthy aebogahfcéi #5th ampRCin7dh @ Kidreater
1§H%Prl%|%% wherei n iald coogerable to first part
4800 ME8e oRG SAEFPREY afiT a85eHbTY Wi diZ? ¥RRd
said first said first
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, R

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



10

15

20

25

30

W

part are first and 15 Said first part and said
second part may have any feature of the first part
and the second part of the first aspect nutatis
j According to a third aspect, ther
pr@\?@%}g%? a package, which is preferably subg’t 'rfﬁl?zg 7[’0)99689
sterile, which conprises an assenbly or kit according
to the first or second aspectis respectively.
According to a fourth aspect, there is provided a
d 30f5 _qaguf ury apkl t <an S
Hﬁ% Qag'gegg?ié%%Laé%gg%iﬁgb?%i?ﬁgﬁfﬁgs?hgh %%@%na's -1
Bpects, the nethod conprising formng respective
bearing surfaces of said first and second parts from
a first conposite material and a second conposite
fatdri akcordpectinvesyte Theatethall nmyy compve Seamakiogural

bo id,parts substantially ir fro

B85ufe P orbeburtl iR L s ety 250, B, TOF ac
beesod? neBa conpri se form ng one or both bearing
surfaces (but not the entirety) of said first and
second parts out of said first and/or second
Eovposi deoudEl el | ghe. H66OHd ?ﬁ:l%_e@if:l fhdt ASRECt and  said
there is, provided a nethod of nmaking an assenbly
SRR ﬁb}gf% PRE Per Seleshtec: ta ﬁ@lﬂﬂmd&%mﬁ’%ﬁws of
5ifd €66E08d t BEmbbE Ste SRAEEEI NG, t "ot | E8dmpe f | %ﬁé BLiural
aspect; a second part aspect; and as descri be :

W ng"®Y aBedededipsgdacdor dithgtt 0 0f16 ¢eytical bone

eRWASt i dRe fddpsly .and second parts so that the
parts bear agai nst one anot her and define said

assenbly. According to a sixth aspect, there is

PFONd ’he f] h%n 'y escrihe .

accorgl n&ﬁtost Ee ﬁ?% %‘éﬁ c%)ﬁa%d a egcelca nf%%r?aﬁ% second
Rlelare e nedearidilngureo thke skinest aspect in the

manuf acture of an assenbly which conprises said first

and second parts bearing agai nst one another for :
Sl aphabbon fiide t heyhusanolfodyny f etiexppl eyire . Said

JSRLACE R 8 TSt WabaRl grent of Lhe bady. .

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 230-1600um.
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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Any feature of any aspect of the present disclosure
or enbodi nent described herein nmay be conbined with
any other feature of any aspect of the present

W%@gh%}ggqe or enbodi nent descri bed herein nlﬂcﬁ‘?&ﬁm?_‘!lmoosssv

Specific enbodi nents of the invention w

now be-j descri bed by way of exanple. The foll ow ng
materials are referred to hereinafter: PEEK-OPTI VA
LT1 - Long term i npl antabl e grade
pekyehberigl herketanawiddy & Ml dc i $Coshby ials.
approxi mately 0.45kNsm 2, obtaiﬁéble ?ro%wf%%?bpgterlals
Prfit BRALERS BFRePEELS MRY rpirptigread®00 or 12000 filament
pel;xet her et her ket one contai ni ng 30% by wei ght PAN

based carbon fibres, obtained fromlInvibio Limted,

UK 17 UHWWPE - refers to Utra H gh Ml ecul ar

LO ye bt ai ned from DuPuy Orthopaedi cs.

Bk O h Bl Y LB B LR (e et v BT ) 3fiTn as
The Scphmsnandnplat esower espede ameeediflsto tBe  improve
ener al ocedures, described in, Exanple 1.and 2 and

8% %gl%giﬁgytﬁ%?ggﬁgrgﬁjﬁFﬁ%eﬂb r FhEFL; fnd second
Exappéei 3. mixanphes1l - General procedure for making

pins 10 All pins were machined frominjection noul ded

pl aques. All plaques were produced using standard
poafetaony, bakdex@mde phose dRpetiosdal Negaler ahnposite
literature available fromlInvibio Limted. The
FRERT IRt PR WRHRS piid Hed stto PP ygievécamsbipraed and PAN-
BaYGANGE So6ar18LeADPI PXEFBESDYy LoAN Gk ALl Al dSnake up

an

were cl eaned i n aqueous et hano em ner al i'sed

et eP2ahdSAnREal ad Jsias§ JSydder @t drewedl | My ,otacaleast
bt £xanpb SgL J | i terature,

avai | ‘abl € %?%%ﬁv?%?%@a%%%%%%é vééarregorr%c sy of the
st t hapaagtei mede20adl.i gnheafecatised byitihesecond part

L rect] . pol r .fl ow would be parallel wth the |

(?éérﬁl préoegé;t ?%Jggrrgt)éigg)ﬁfi it gf%ﬁeﬂafti%g&,alalcfmﬁﬁ‘?s“\ﬁ@r gsaid
grrorel speliviesdd whidbeniul r nadi abArbaose ebrbBkG/fibres.

'lgéeézxraawye gmwk%ggéa/fi%rrg%ednﬁjarkee‘f8{3 ré%klfgagilc at&')%?wt%, 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%, respec-:ially at least 65wt% of said first
polymeric material. Said composite material may include
up to 70wt%, up to 55wk%, 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
T0wt% 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 Ffibre.



5

10

15

20

25

30

Al'l plates were machined frominjection noul ded
pl aques. All plaques were produced using standard
condi tions. The nachi ned plates were machined to

' in the injection 30 noul ded surface fipni _
w@?ﬂo%@s& P%'r{;t{hzﬁé% 0689

approximately 0.1 micron). Al plates were eane

i n agueous et hanol and dem neralised water and

anneal ed using a general annegaling protocol. All

pl ates were machi ned such that any fibre WO

2007/ 099307PCT/ GB2007/ 000689 18 al i gnnment caused by

the direction of polyner flow would be parallel with

Bakd r ddinsrttocatirngsibei omteBiaiplead 4in@ndeal one or more
re LNng material.s A.pin-on-plate

?r‘g\g I ne mﬁéﬂ gégﬁk%he maf:Iﬁi né“a\?ﬂas%e{lcflélﬁirqe stuasfi orP oWt

prefareiplatup nae hl et Wik otden icedpbathtseci phoerikele of

otational notion. The reciprocation s applied
S SRRy dongt wiFPYed PaFaRFE] Mcbridl for
azamieine batiaeh Daiphaded a heated bed, |ubricant tray

and pl ate hol der were positioned on top of this
sl edge. The rotational notion was applied to each pin

SSidof arseakbmpdbate Teeyahe Jreeauanaives ifi bekh on1y a
the reciprocation and the rotation was set at
SISk iRl 9F 15HEST TRel prettle matfoigdr Qbrsemmda of- It
X la MR | iShdifd WHIGH & e nghat %yﬁQeBE”EQ§b$ﬁrfibre - e.g.
cl anped. A lubricant was contained wthin the
it i RAdinbages; avvd ereby el tdh-Pasmheratturiotofa MG yre of
£S5 18IS W thin the bed. This was controlled by a

t herrmocouple. A load (either of 20 N or 40 N) as

applied 20 to each station via a | ever arm nechani sm

| ubr.i I seps made fromoplatinpumw re wa
LALoRRERRh (e DEPS U IO MERBEL THE' MoEE R, may
irgldpenminttlal hedreatanyn fabhtustescofisthat cheveh . Fts of the
f’%‘@tsst{ ocod%ed uR frorge\%&rgiservoi r of distilled water. An
el'e :

' oS
(o} ronlpc Cco nlngr

Said second composite material suitably includes at least
30 wt%, preferably at rleaét 45 wt%, more preferably at
least 60 wt%, especially at least 65wt$g, of said second
polymeric material. Said compesite material may include
up to 70wt%, up to 55wt%, up to 40wt%, up to 35wt3 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



25 connected to the reciprocating sledge. Stroke

l ength was set to25 mm A cover was placed over the
entire rig to prevent dust contam nation fromthe

at nosphere. The | ubricant used was 24.5% bovi ne serum
(protein 30 content: 15 g1-1) with 0.2% sodi um azi de
added to retard the growh.of bacteria and 20 mM EDTA
to- prevent cal ci um deposition. WO )
2007/ 099307PCT/ GL32007/ 000689 19 The wear was

assessed gravinmetrically. At'4east twice a week
-(approx. 0.25 mllion cycles) the machi ne was st opped
tamoahkpw Eompoheani nijs aneh wei-gleivng cohtrhetsamptesial for
Ag¥ﬂefcess lubricint was cl eaned fromthe |ubricant
BEEHRLENPE TheSPIRR2%RY pl ates removed: The sanpl es
were then cleaned and dried using a predeternined and
consi stent protocol,, The pips.and plates were then

ST §hencond EOTPASS ton MRt BE ahoB YL C I HE gy 2

§@H%§Q @%séaa@ ¥ebght peopidad neeakiel SpeshfiEa I. It
wer use

~to take 10 account of the |ubricant_,
abyor bs¢ ohnotudet pnttied piiglendypraréscanPrhgiitee — e-9.

- ' . T [ k r Sl ed, and,

PREY, Eplabattn; PP BRTY BELURIRIDRE STEORIT #hBtre of
peofoymes. up to two nillion cycles. 15 Vacuum oven
drying tests were al so perforned both before and
after the wear tests in an attenpt to get the 'true'
peightrikess mpdwesee npeeeipdls and cedparssddids ¢muposite
the standard _wei ght | oss neasycenents. 20 The wear ,
Vot el WBFRTRTBPLYA CRIRTASE  SPPdi Ao iR LR i a2l
gradionk,0f tihe diqe ﬁsf‘éwlbltyhetﬂat asé@et ecmmed Mibre.
| i near regression anal ysis) provided the wear rate.
FrefanadrltateisTikeh apppeRttpyaifeisdadnshpaid second

el i st -t 97 det erpi.ne t ‘ or, :
%%ﬁdﬁ%fd 1m1 Esr%élgxaﬁ%%s ﬁ“‘?s‘l&?ﬁ&?ﬁgi’t het&Se sams
prgpeditdest .descri bed in Exanples 1 and 2 pins and
pl ates were nade and conbi nati ons tested under 30
specified | oads, using the general procedure
Tlescidhebln ERampke frsA sspeatymnel dmténdel snesed, more

t he | .o0ad_applied and cal cul.ated wear factaqrs Ji. _
aéﬁei\}:ilé’é’&]i rppaﬁtﬁ e‘?rij.‘c}'ﬁ'alﬁ"i‘ye e s AR vso%l?srre l?rlsét and/or
el S1es ééﬁbnﬁ?k%ﬁﬂﬁﬂ.exsﬂﬂﬁeoneVK} more additional parts may

2007/ 099307PCT/ GB200.7/ 000689 . . : .
be made from a said first composite material as described.

According to a second aspect, 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 §art as described according to said first

aspeét;

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 Table 1 Exanple No. Pin material Plate materi al
Load OD Wear factors(ral? N-1 it 10-6 Acetal UHWAPE
40N 1.373 2.746 4.119 5 UHMWWPE Acetal 40N 2.-393

15

Said first part and said second part may have any feature

of the first part and the second part of the first aspect

mutatis mutandis.

According to a third aspect, there is provided a package, which
is prefefably substantially sterile, which comprises an assembly

“or kit according to the first or second aspects respectively.

According to a fourth aspect, there is provided a method
of manufacturing a first part and a second part as
- described accordlng to the first and second aspects, the
method comprlslng formlng respective bearlng surfaces of
said first and second parts from a flrst -composite

material and.a second composite material respectively.

The method may compiise making one or both of said parts
substantially entirely from said first or sécond composite

materials; or the method -may comprise forming one oxr 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, 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 a2 second part  as described according to

the first aspect; and



1.701 4.094 6 UHWAPE PEEK- OPTI MA LI1 (Non-Sterilised)
40N 5.431 0.529 5.960 7 PEEK-OPTI MA LT1

Non- Sterilised. UHMAPE 40N 0:162 4.163 4.325 B

PEEK- OPTI MA LT1 non- sterilised PEEK-OPTI MA LT1

16

{c) cont'acting ‘the first_ and second parts so that the

parts bear against one another and define said

assembly.

According to a sixth aspect, there is provided the use of a first
part as described according to the first aspect and a second part
as Qescribed according to the first aspect in thé manufacture of
an éssembly which comprises said first and second pérts bearing
against one another foﬁ implantation into the human body, for

example to replace a structural element of the body.

Any feature of any aspect of the present disclosure or embodiment
described herein may be combined with any other feature of
any aspect of the present disclosure or embodiment described herein

mptatis muptandis.

Specific embodiments of the invention = will now be -

described by way of example.
The following materials are referred to hereinafter:

PEEK-QPTIMA LTL - Long term implantable  grade

polyetheretﬁei‘ketone with a
approximately 0.45kNsm™?, obtainable from Invibio Limited,

melt viscosity of

UK.

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

from Invibio Limited, UK.

BAcetal refers to poly(oxymethylene}.
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non-sterilised 40 2.34 2.33 4.67 9 PEEK-OPTI MA LT1
PEEK- OPTI MA LT1 40 1.92 2.58 4.50: 10 PEEK-OPTI MA LT1
PEEK- OPTI MA LT1 20 2.30 3.56 5.86

WO 2007/099307 PCT/GB2007/000689
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UHMWPE = - refers to Ultra High Molecular Weight
Polyethylene obtained from DuPuy Orthopaedics.

Pin-on-plate testing was used to assess materials. The
"pins and plates were made according to the general
procedures described in Exzample 1 and 2 and tested using

the general procedure described in Example 3.

Example 1 - General procedure for making pins

All pins were machined from injection moulded plaques.
All plagues were produced using standard conditions, for
example those described in genéral 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 agueous 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

A1l 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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11 PEEK-OPTIMA LT1 with 30% PAN Car bon Fi bres
PEEK- OPTI MA LT1 with 30% PAN Car bon Fi bres 40 0. 07
0.27 0.34 12 PEEK- OPTI MA LT1 with 30% PAN Car bon

W%h@@ﬁ%s EEK- OPTI MA LT1 with 30% PAN Car bon E’icfiﬁﬁég@%()%w

3 0.89 13 UHWWPE Ganma Sterilised Sta
Steel 40N 1.1 0O

18

alignment caused by the direction of polymer flow would be

parallel with the reciprocating motion.

Example 3 - Gepneral procedure for testing materials

A pin-on-plate machine was used. The machine was & four

- station pin-on-plate machine which applied both

reciprocation and rotational motion. The reciprocation
was applied by a sledge moving along two fixed parallel
ha:dened steel bars and a heated bed, lubricant tray and
plate holder were positioned on top of this sledge. The
rotational motion was applied to each pin using a small
motor. The cycle frequencies 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 applied
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% ‘bovine serum (protein
content: 15 gl™) with 0.2% sodium azide added to retard
the growth of bacteria and 20 mM EDTA to prevent calcium

deposition.
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1.1 14 H gh Carbon CoCrM High Carbon CoCrM 40N 0. 78
0.06 0.84 b5Table 2 Exanple No. Pin material Plate
material Load (W VolunetricWar (mB/mllion cycles)

WO 2007/099307 PCT/GB2007/000689
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The wear was assessed gravimetrically. At least twice a
week (approx. 0.25 million cycles) the machine was stopped
to allow for cleaning and weighing of the samples. Any
excess lubricant was cleaned from the lubricant baths and
the pins and plates removed. The samples were then
cleaned and dried using a predetermined and consistent
protocol. The pins and plates were then weighed three
times on a balance [(accurate to 0.1 mg) and an average
weight recorded. Control specimens were used to take
account of the lubricant absorption of both the pins and
plates during the test duration. The machine was then
reassembled and the lubricant refreshed. The wear tests

were performed up to two million cycles.

Vacuum oven drying tests were also performed both before
and after the wear tests in an aftempt 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 load and sliding

distance to determine the wear factor, k (mm’N7m™).

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.



Pin Plate Total

10 PEEK- OPTI MA LT1 PEEK-OPTI MA LT1 20

2.3 3.68 5.98 9 PEEK-OPTI MA LT1 PEEK-COPTI MA LT1 40

3.59 4.97
WO 2007/099307 PCT/GB2007/000689
20
Table 1
Example | Pin material | Plate Load (N) |Wear factors (mm°
No. material N*' x 10°¢
4 Acetal UHMWPE 40N 1.37312.746 {4.119
5 UHMWPE Acetal 40N 2,39311.70114.094
6 UHMWPE PEERK-OPTIMA | 40N 5.43110.52915.960
LT1 [Non-
Sterilised)
7 PEEK-OPTIMA UHMWPE 40N 0.16214.16314.325
LTl Non~-
Sterilised.
8 | PEEK-OPTIMA | PEEK-OPTIMA | 40 2.34 |2.33 |4.67
LTl LTi
non-— non-
' 'sterilised- gteriligsed | =~ 7 7
9 PEEK-OPTIMA | PEEK-OPTIMA | 40 1.92 [2.58 |4.50
LTl LT1 e
10 PEER-OPTIMA PEEK~-OPTIMA 20 2.30 3.56 5.86
LTl ' LT1
11 PEERK-QOPTIMA PEER-QOPTIMA 40 0.07 0.27 0.34
LT1 with 30% ! .71 with 30% :
PAN Carbon | PAN Carbon
Fibres Fibres
iz PEEK-QPTIMA PEEEK-QPTIMA 20 0.36 G.53 0.89
LT1 with 30% | LT1 with 30%
PAN Carbon | PAN Carbon
Fibres Fibres
13 UHMWPE Gamma | Stainless 40N 1.1 0 1.1
' Sterilised Steel
14 High Carbon |High Carbon | 40N 0.78 [0.06 [0.84
coCrMo CoCrMo
Table 2
Example | Pin material | Plate Load (N) | Volumetric Wear
No. material (mm’/million cycles)
Pin Plate | Total
10 PEEK~-CPTIMA PEER~-OPTIMA 20 2.3 3.68 5.98
LTl LT1
9 PEEK~OPTIMA PEEK-OPTIMA 40 3.59 4,97 8.56
LT1 LT1 '
12 PEEK-QOPTIMA PEEK-QOPTIMA 20 0.35 0.492 0.84
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8.56 12 PEEK- OPTI MA PEEK-OPTIMA 20 0.35 0.49 0.84 WO
2007/ 099307PCT/ GB2007/ 000689 21 LT1 with 30% PAN
Carbon Fibres LT1 with 30% PAN Carbon Fi bres

By processes analogous to the processes described above,
the wear performance of a composite comprising PEEK-OPTIMA
LTl and PAN carbon fibre pins and plates bearing against
of a

one other was compared to the wear performance

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:

WO 2007/099307 PCT/GB2007/000689

21

LTl with 30%} LT1 with 30%

PAN Carbon PAN Carbon
Fibres Fibres

11 PEEK-OPTIMA | PEEK-OPTIMA 40 0.15 | §.53 0.68

LT1 with 30% |LT1 with 30%

PAN Carbon PAN Carbon
Fibres Fibres

Example 13

Wear couple Total wear factor mw'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
{Examples 11 and 12)

the all-PEEK components

same material gave lower wear than

{(Examples 8 to 10} and indeed the
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11 PEEK- OPTI MA LT1 with 30% PAN Car bon Fi bres
PEEK- OPTI MA LT1 with 30% PAN Carbon Fi bres 40 0. 15
0.53 0.68 Exanple 13 5 By processes anal ogous to the

I descri bed above, the wear perfor f
wBR0H o903 i g(%lgzg%ﬁoooéw

conposSite conprising PEEK-OPTIMA LT1 and PAl
fibre pins and pl ates bearing agai nst one other was

conpared to the wear perfornmance of a conposite
conpri si ng PEEK- OPTI MA LT1 and pitch-based 10 carbon

A s P ne T T e BRIyMaE el vl couptes
tested. The total wear factors for the test using a 40 N
load were thirteen times lower for the carbon fibre-PEEK
material (Examples 11 and 12) than the PEEK samples
{(Examples 7 to 10) and for the test using a 20 N load,

they were six times lower.

-The wear factors for PEEK-OPTIMA LT1 containing 30% PAN

carbon fibres articulating against +the same material
(example 11) has a lower wear factor +than +that of
traditionally used successful bearing couples used in
medical implants. When compared with UHMWPE articulating
against metal (example 13) a greater than 60% reduction in
wear factor was observed for PEEK-OPTIMA LT1 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 LT1 containing 30% PAN carbon

fibres aﬁticulating 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 1952, 158, 71~
78. “TI'ribology of polyetheretherketone” ; 8M Hosseini
and TA Stolarski, Journal of BApplied Polymer Science,
1992, 45, 2021-2030, ™“Morphology of Polymer Wear Debris
Resulting from Different Contact Conditions”; MO 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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“%%ﬁ&M§JE% to Table 1, it can be seen that tqﬁnﬁ
WEAr of

Wear couple Total wear factor mmSBbr 1nul 1x10-6
CFR- PEEK (PAN) CFR-PEEK (PAN) 0.25 CFR-PEEK (Bitch)
CRF- PEEK (Pitch) 0.92 15 Results and discussion

(&fzﬁ&mooss')
ar

the non-sterilised PEEK coupling is siml=
to the 20 total wear of the sterilised PEEK coupling.
The carbon fi bre-PEEK sanpl egzarticul ati ng agai nst
the same material (Exanples 11 and 12) gave | ower

Vel _J‘:&@:@:,t hﬁEal AéﬁE%éorﬂjo%%gh%r(:Ranm:gg. 8 {r?stlno.) Mech
and i ndeed the

Engineers 1996, 210, 11, “The wear of cross-linked
polyethylene against itself”; TJ Joyce and A Uhsworth,
Proc., Instn. Mech Engineers 1996, 210, 297, “A comparison
of the wear of cross-linked polyethylene against itself
with the wear of ultrahigh molecular weight polyethylene
against itself”. For the PEEK samples the volumetric wear
rate with the 40 N load ‘was 8.56 mm°/million cycles. and

for the 20 N load this was 5.98 mm’/million cycles.

" However, surprisingly, the carbon fibre-PEEK components

demonstrated a lower wvolumetric wear rate for the 40 N
load (0.68 mm’/million cycles), than for the same 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. Tt 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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WO 2007/ 099307PCT/ GB2007/ 000689 22 | owest wear for
any of the all polyneric wear couples tested. The
total wear factors for the test using a 40 N | oad
were thirteen tinmes |ower for the carbon fi =
W%P@?S‘P%ﬂ? (Exanmpl es 11 and 12) than the PEEK%E’ 5%5/0@689
(Exanples 7 to 10) and for the test using a 20 N
| oad, they were six tines | gyer. The wear factors for
PEEK- OPTI MA LT1 contai ni ng 30% PAN car bon fibres
articul ati.ng .agai t hal XA i ch
S m&ﬁﬁ%&@%%@?“?ﬁta%di ramt.:hhgﬁ& thar 00#0 4 s7 whic
damadizhisenaltrgsssetiisiidingséntl Hebsemperdodsngs ngSegPLAon -
medi cal inplants. Wen conpared with UHMAPE
articul ating agai nst netal (exanple 13) a greater
dthay GQMedmduels Of i thovesatdaictlor deesmibeer wert fidwt they
PEEK- OPTI MA LT1 containing 15 30% PAN car fibres .
A 1R PR BHRI REERt AEZSRRE® fmfBPi AP° Wert Mol gd-2Ls
Wdilua gRbalpxsyusEtiain wear meigllie o exaapl elebd)isa and the
greater than 40%reduction in ar factqr was .
RS S ek, TP MAL L TECRONLRPR ??&%@%rﬁ&ﬁase‘i Lnto
tg?é RO | (RS Rt isGldhipliien® 8Gah8S] bheosAae, NAlRidAland J
O Referring to Table 2, the volunetric wear of
FHEmerePT R geT 1o hemertl BRrAeRi@i ASt hEpans&hgsues due to
eria {ASUr PEI Sin9l eha@ed0of cobalt
1?%%dcﬁ?§ﬁggggct§gl%&ggrﬁfggggegéégagﬁgggved t han when
amcere am@Dybiénan” Inds Ancips @xpeet edaBd traupegr Surg.
I d,d e Lt j ncre I, t PP
{616 B S QT IR aairh och "PeEsi 1o/, P pREV e Rnen,
P Trubekagynof BBl Resker etClsitkeCobbop; 1SM6H0s82P nF2 (282,

TA Stol ar.ski our nal of plied.E ' Ci enc
hgpein st foézfi}eﬁ%%e%ﬁ%ﬁonog% tog hﬁ%ﬁ%‘grh%@ﬁ metal on
el st 30aRerupt ireglicenmebif theenbtEdntdesk of cancer was

Condi ti ons"; hang, ZP lLu and, K Fri edrci ch )

SRUD by Heht braat s Toghegrian thaE) Shperigngeg by

K deds iwhih \WAronl 3%.2118bt3:83hip2depBdcetidm s i di ng
riction and wear of PEEK and its conposites”; WO

2007/ 099307PCT/ GB2007/ 000689 23 TJ Joyce, HE Ash and

Py MsNOr Ialavaﬁﬁagesl st Nehdelonpo@i Ree i tkd96.1 2 18escribed

11, "The wear of cross-Iinked_pol yethyl ene .agai nst

ingkde ; Lowen sirdatind erURSGrEh OTPFEE MY St nahfetfproved
&{é}ﬁerfasl[ _19§§0p%439ie397’cc§r®&@@arw§_@ﬁ 5UP§MWFP|E€ Ve reby

of cross-linked polyethylene against itself with the

akbowiofg ukhiahegh protteoul ar oReRGRE ngrashyPéngotion and

i nst.4 tself .. JFor the PEEK sanples the volunetric

(\?%%lré}?aﬁieé%ﬂlhhﬁ?}; 40 N load was 8.56 mB/ m | 1ion

cycles and for the 20 Nload this was 5.98

mB/mllion cycles. 10 However, surprisingly, the

carbon fibre-PEEK conponents denonstrated a | ower

volunetric wear rate for the 40 N load (0. 68

mB/ mllion cycles), than for the sanme wear couple

tested under 20 N loads (0.84 m®B/ mllion cycles). 15
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Referring to Exanple 13, it appears that a wear
coupl e conprising PEEK and PAN-based carbon fibres
exhi bits | ower wear conpared to a couple conprising
[ -hased fibres. 20 It should now be appregi
‘”5%%?@*? particul ar, the conposite matteriaIg'%‘i'/(ﬂ&8{9}[’90689
descri bed nmay advant ageously be used in bearing
applications - they have | owswear rates and the
mat eri al nmay advant ageously be used for bearing
gﬁgﬁﬁ%es for reconstructive joints or other parts. It
al so 25 be noted that these materials
denonstrate an i nprovenent in wear performance at
| ncreased | gads and t.herefore there may -be benefits
0 qﬁﬁl?rﬁﬂﬂﬁ% 9°n high |oad applications
such as total knee joints. 30 In conparison with
metal or, ceram c conmpopnents these materials _ca

b .
hh7 acthF e bYAET] oNBt SR osPOWRK $0T € ©f (T LTEnt composite

HRAHE Bet UEAGH Ouhel s as finjsact bobhymedi¢li rgtethete and
may be additional benefits in usln%Ethese | ower WO

QBOTPMIIBETPET/ GEROBFHB008RY 24T HbRitI UBOHERET G smaterial

£00PaEed W L, det alisi 0o e FLES, Which can cause
stress shi el ding and subsequent bone resorption.

debPis—<qnd t}
bei ng r &} eag : g
Mchel, J Hofman, F Loer and J Zil kens "Trace el enent
burdeni ng of human tissues due to 10 the corrosion of
hig_joint prost heses made of cobalt chrone

D Ybdenunt and Arch. Orthop. and Traumat. Surg.
1984, 103, 85-95; and T Visuri, E Pukkala, P

Paavol ai nen, P Pul kki nen., EB Ri sk din 1 et
él?g:%28°(ﬁ°f§§f Witei rl11i:"f3hi sSFREr T bed ahov%re%ﬁggat ?%%t’%ﬂte
whochagh awktical Diclkhdawrtal staball gl ymepliac ewsreritie and
total risk of cancer was found to b% 1.2§ tines terial
RRERER t HHPTE hat YRKDRTY erﬁf’e‘d’i by S5t CenfS Wi th*PE B |
Metahat ot 2l rHbdat eph BE IR FHoTulEUr t her advant ages of

the conposite materials described 20 include | ower

wei ght than nmetals or ceram cs; and inproved

mechani cal properties conpared with UHWAPE t her eby

al l owi ng thinner parts, great er degree of notion

and desifgmN exj bi | i {

assenbl % Prising: 7 [ ich
conpri se [ posi tetmat eri al’ which includes a -V
first polynmeric material and carbon fibre, wherein.

said first polyneric material includes a repeat unit
shefeinmulsaid first and second parts bear against one

I;

another.

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

another.
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-0 10 and; (b) a second part which conprises a second
conposite 15 material which includes a second
polynmeric material and carbon fibre, wherein said

lymeric material includes a repeat
wi gfrf‘og@?ggﬁ’? e Bézg(;’fmo{l@S’

wherein said first and second parts
agai nst one another. 25 2. An assenbly according to
claim1, wherein said firstgpart and said second part
are novable relative to one another. 26 3. An

?Sjﬂ?!¥5%§ dﬁ'QQCEPdEA '9&109£‘ﬁ|§!gEzmgﬁﬁﬁfﬁﬂqwherein
ai iTSt and second parts are Fubricated in use.

42 i \'F iassendld/ sseeordipegtsoaanylpbeteaiied b aigq-

wherein 5 said assenbly is for inplantation in a

human body so as to replace a structural el enent of

i he Aress sy accdrdimy asseahy yprecaidiggelaimnywherein
precedi ng claim said assenbly being for use_ in_or
G RIS 1. £ B ARATIOR faR APPFR; RPAY Fo as to
F&bhNHce £ sAHuBsHNDIg aeaer difnghé ohanyn fsededi ng

claim wherein one of said first or second parts
conprises a male elenment and the other of said first

e s}ﬁpoagseaﬁ? COIPS iRy aLdS difiTBpeesbeyl MAGNS said

said male and female el enents bear against,K one

apermiary bginnf@ssesd| {0 aRE ol EPHRE tiPansPiReceth ngpr use
' @ hegld ng surface of said first part

%ﬁﬁ%ﬂ]%%ggéﬁg%s §§?§{20 first conposite materia

contacts a bearing surface of said second part which

gpnqiisg séﬂgﬂg$§88§9dfﬁ §i£§%n€£§£%@in g%afﬁh wherein
asseerIy according to an precedi ng cCl al n? ereln:

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 firét 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 suiface of said first part is defined by saild

compesite 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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25 said first part is made substantially entirely
fromsaid first conposite nmaterial; or said first
part conprises a material other than said first

i mat eri al but a bearing surface of [
W§?@{B§%@ft is defined by said conposite nmat é’?ﬁéf?";z‘“’a%"a"“s’
30 said second part is made substantially entirely

fromsaid second conposite paterial; or said second

part conprises a material other than said second
conposite materi a ri syr.f .Of :
SOLERE Y (Bhcribnda, il bags ie Wk adledt ¥/ said
set@td atomposited maArrdsdenbl y according to any

preceding claim wherein 5 one of said first or

second parts of the assenbly defines a head and the
9t hetn ﬁééeuﬁiﬁﬁj nescdr &aeketo withi pravidimdg heldiead vitserein
pi vot abl e,

, . 10. An assenbly according to .
pRecedi FRiel ARt whker 8PAOUD BT TP gl J27 8RRy fefines
Hi Beh8phacer@y otHdr AHrasgerbhys a6Codieg it which
receding claim wherein said first polyneric
¢ aread s DL VREFE&- formula of |, wherein t=1 and
v=0. 15 12. An assenbly according to precedi ng
claim wherein said first polyneric material_includes
20 . | Arasa s skl e36eF rdiEpkato AR SPHFCIBINA @l3impovherein
assenplys aggordi edi ng claim
é%jé?g]% sal (rng)fllsr st pol )}/ﬁg)r %%p%g%fg?%ig?' consi sts
essentially of a repeat unit of fornmula | wherein t=1

d yv=0_and 1 d_se 0 I, C j | St ‘
Ss i afTSmaty Lo EERn gy By PR REL  FEEEL S toretn
aatld vEDrs25pddymAniassatbryadcéer di mpnegadnyformula of I,
ﬁéecediqg_clai _wperein said first polyneric

FEFHAI T an R YT Second pol yneric material are the
same. 30 15. An assenbly according to any precedi ng

claim wherein said fjrst conposite material includes _.
L I AR, GO 9 pSRGHOPRCCRRLE | WPCER oaid
Hprke ggs i ef ccathrifdibresciudd2 at least 60 mole% of

2007/ 0 PCT/ GB2007/ 000689
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 te any preceding claim, wherein
said first composite material includes at least 30wt% of
said firét polymeric material and up to 70wt% of carbon

'fibres.
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28 16. An assenbly acéording to any preceding claim
wherein said first conposite material conprises 60 to
80wt % of polymeric material of formula | and 20 to

‘vég&%%&ggycarbon 5 fibre. 17. An assenbly aqﬁﬁﬁﬂ%@?wgmﬁ9

any preceding claim wherein said second
material conprises 60 to 80wt % of polyneric materi al
of formula | and 20 to 40w Ygof carbon 10 fibre. 18.
An assenbly according to any preceding claim wherein
said first part conprises a first conposite materia
conprising said first polyneric material and
PAN-#a stk b 1gardmin fd ilge S canch s ap ek csstionyd qlarin, wherein
conpri_ses._sai d second conposite material canpri si o
S £athd GERHRERC TRTEA S SHIPPAREDadld car BARE® of
S DfeSric materi®l AiKiflormil Jpriodrd ) afo asEaH|gf afarbon
said first aspect, 20 the kit conprising: (c) a first
b&t¥e-as described according to any of clains 1 to 18
and (d) a second part as described according
to any of 25clainms 1 to 18; wherein said first part

. . P .
Hhd Ayni 2P RPN PAATHN SCORPARE T d | fet iy Wherein
e gl I T oé?{;g féda&%%iand SREAGRATES EABOWES  of

agal nst one another. 3 ,

POQO0I30RRCHIGE2 007 0uB8s X and A ¥t hirley of carbon
acturing a first part and a second part as

descri bed according to any of clainms 1 to 18, the

met hod conprising form ng respective bearing surfaces

id first..and second part r i rst osi;te .
:Eg hg?ne rali‘?asf(:‘mgor%L aacsceocrc'):ﬁ' d g: rropo%ﬁ eg %C?%Jrlir{aqs ot Uldrein
seispeddiins ypa?22. Aompthess ofa mekimsg ancmpseibéy material

according to a f clai 1 to 18, the metho
St amy: Sa8% Sladh bluhertr at AT 4a%d eaN-based
Sessei betoids aaydobacHaisEohdt @akd; cdulpriselsectdiny second

second, part as described in any of clains 1 to 18; .
%ﬁmposiég material comprisgn sa%d seconé) pdélymeric

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 te 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.



15 (c) contacting the first and second parts so that
the parts bear against one another and define said
assenbly. 23. The use of a first part according to

aims 1 20 to 18 and a second part '
w@%@bgfﬁ{ys&) Ebg:ﬁ?tgﬁ%h&%oom

of claims 1 to 18 in the manufacture
assenbly which conprises said first and second part
beari ng agai nst one another for inplantation into the
human body. 7
21. A method of manufacturing a first part and a second

part as described according teo any of claims 1 to 18, the
nmethod comprising forming respective bearing surfaces of
said first and second parts from a first_ composite

5 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:

i0 {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

15
(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
20 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.



