WO 03/ 013396 PCT/ GB02/ 03723 SURG CAL | MPLANT The present invention rel ates
to a surgical inplant and to nethods of naking the sane. There are nmany
di f f er entwoypes339é surgi cal inplants and devi ces, includi mgT/GBRISTRAEd] C

i npl ants (hip, shoul der, knee, ankle, elbow), cranio-facial inplants and
spinal inplants (such as a spinal cage or spinal disc). Such inplants are
commonly nmade from bi oconpatible nmetals such as titanium titanium based
al | oys,” stainless steel or cobalt-chrom umalloys, depending on strength
and wei ght consi derations. Another consideration, .particularly for

i npl ants which replace bone, is the elastic nodulus of the inplant. The
cl oser the nodulus of elasticity is to natural bone, the better the stress
redi stribution to adjacent bonhUREHCAL BMPEANT stribution results in
prol onged useful life of the inplant. To increase bonding of surrounding
tissues with an inplant, it is known to apply a coating to the surface of

the i mpil anthenres8huFATRE B R, R Honlh SR AR OF e it ant

to inprove yaanshiRaisshance and/or to provide enhanced bi oconpatibility
(eg. TiNis extgerrel y tnert and can be applied as a coating to al um nium
or vanadiumcontaining inplants to prevent |eaching of those netals from
the inplant. It is an object of the present invention to provide an

i mproved sEﬁh@reare mamy diftereniniyphs of stiegiadl ynplasts apd desitaspirecluding

conpatibility and/ or we resi stance and/ or ef uI I i fe and/or, i s stronger
than known OF tsIPaecac implas M@sgfsoxwtdﬁém% , cranio-facial

implants and spinal implants (such as a spinal cage or spmal disc). Such
implants are commonly made from biocompatible metals such as
titanium, titanium-based alloys, stainless steel or cobalt-chromium alloys,
depending on strength and weight considerations. Another consideration,
particularly for implants which replace bone, is the elastic modulus of the
implant. The closer the modulus of elasticity is to natural bone, the better
the stress redistribution to adjacent bone. Better stress distribution results

in prolonged useful life of the implant.

To increase bonding of surrounding tissues with an implant, it is known to
apply a coating to the surface of the implant, by for example plasma
spraying, which roughens the surface of the implant. The coating may be
of a different composition to the implant to improve wear resistance
and/or to provide enhanced biocompatibility (eg. TiN is extremely inert
and can be applied as a coating to aluminium- or vanadium-containing

implants to prevent leaching of those metals from the implant.

It is an object of the present invention to provide an improved surgical
implant, which preferably has improved bone compatibility and/or wear

resistance and/or useful life and/or is stronger than known implants.



According to the present invention, there is provided .a surgical inplant
conprising: (i) a core region, and (ii) a porous surface regi on extending
over at |wedB/Hom3part of said core region, wherein the poPeclsGGERI03AGE
region has a predeterm ned pore volune fraction. It will be understood
that as used herein, "pore volune fraction" of a porous regionis aratio
of pore volune in that region to the total volune of that region
expressed as a percentage. The inplant may be any shape as necessitated by
its intended application. For exanple the inplant nay be el ongate (eg.
cylindrical) or disc-shaped. The inpl@it may have an irregul ar shape, and
the porous surface region may vary in thickness over the core region.

Pr ef er abl yACERilipgte iDe IniREeNtiAVER YN ATNER? 1S PHViged usirglsal #eelanigi on is 20
to 50% The predetermnm ned pore volune fraction is chosen according to the
nat ure of ?Wgﬁﬂﬂﬂ%ﬁn. A higher pore volunme fraction results in a |ighter

inplant with a I of elasticity. Preferably, the pores are
5 A3HFE B i

i nt erconnected an antially uniformy distributed within the porous

surface regj)on. 3 pbak abHace dbgibRasiesdimg ovanst IBagTepatlof shitbcomi ority) of
the pores have a size in the range of from 100 .tmto about 750 m and

mor e pr ef eregiby, from about 200 mto 500 m WO 03/013396 PCT/ GB02/ 03723 -3
Preferably, the porous surfage region is at |east about 1 mmthick, and is
wherein the porous surface region has a predetermined pore volume

fraction. '

It will be understood that as used herein, “pore volume fraction” of a
porous region is a ratio of pore volume in that region to the total volume

of that region, expressed as a percentage.

The implant may be any shape as necessitated by its intended application.
For example the implant may be elongate (eg. cylindrical) or disc-shaped.
The implant may have an irregular shape, and the porous surface region

may vary in thickness over the core region.

Preferably, the pore volume fraction within the porous surface region is 20
to 50%. The predetermined pore volume fraction is chosen according to
the nature of the implant. A higher pore volume fraction results in a

lighter implant with a lower modulus of elasticity.

Preferably, the pores are interconnected and substantially uniformly
distributed within the porous surface region. Preferably, at least some
(and preferably the majority) of the pores have a size in the range of from

100 pm to about 750 um, and ‘more preferably from about 200 um to 500
um.



nore preferably fromabout 2 mmto about 5 mmithick, nost preferably 2 nmm
to 3 mMmthick. Distinct regions within the porous surface regi on nmay have a
di f f er entwopaes33sé ze di stribution and/or a different porePealaBm/osn2acti on
such that there is a pore size and/or pore volune fraction gradient wthin
t he porous surface region. For exanple, there may be a pore volune fraction
gradient along an axis of the inplant and/or perpendicular to the axis of
the inplant. The core region may be fully dense or porous. The degree of
porosity of the core region nay be nore than, |less than or the sane as the
surface region. Preferably, the core Pegion is relatively |ess porous than

the surface region. Preferably, the caore regiop has a densjt f. fromO.7
to 1.0 of Preéerably,dhe le’@h'éisyflf%F?.r@g'oﬂr'ér%tdﬁﬁséagw Jdnga it 'ﬁk gﬁ‘ﬁés core

regi on and the porous, surface region .na t ane or
di Tforent MAEPraiecabhyFomarals % nuY; tp;ﬁ:,ogﬁ,iﬁﬂf\ith?'@%?ﬂg&[ﬁg*er%?ﬁ'a%i um (eg.
conmmer ci al it mlne‘ B 338 GR 2] titanium, stainless steel,

titani umbg@@ d)a}?/,l oy?ﬂ é(g. Ti-Al-V alloys and Ti-Al -Nb al |l oys) and

cobal t-chrom um based al l oys. Particularly preferred materials are
comrercial purity titanium Ti-6Al-4V, Ti-6Al-7No, Stellite 21 and

stai nl ess Bligiict 3egionsWrithBi t18po®BGHIaBe2EgRYRAay: Have éf@ﬁeﬂﬂr&, t he

porous surface regjon, is diffysion bonded to the core .region., Thus, it
will be unBeisstizedisthidutionean raffélgfgf%t%énw{]%“’c%ﬁ@“o? lngﬁh%tnd t he

porous sur{h%?ee id g%'o?g s?zoeegnapotr (:')Cprterv%qﬁjr%% RadliSk %Fésoﬁehp Within the porous
surface region. For example, there may be a pore volume fraction
gradient along an axis of the implant and/or perpendicular to the axis of

the implant.

The core region may be fully dense or porous. The degree of porosity of
the core region may be more than, less than or the same as the surface

region.
Preferably, the core region is relatively less porous than the surface region.

Preferably, the core region has a density of from 0.7 to 1.0 of theoretical

density (i.e. from 0 to 30% porosity).

The core region and the porous surface region may be constructed from
the same or different materials. Particularly suitable materials include
titanium (eg. commercial purity [ASTM B 338 GR 2] titanium), stainless |
steel, titanium-based alloys (eg. Ti-Al-V alloys and Ti-Al-Nb alloys) and

cobalt-chromium based alloys.

Particulaﬂy preferred materials are commercial purity titanium, Ti-6Al-4V,
Ti-6Al-7Nb, Stellite 21 and stainless steel 316L.



the inplant. According to a second aspect of the invention, there is
provided a nethod of manufacturing a surgical inplant in accordance with
said firswoaspesps conprising the steps of: (i) |oading necaldBoe/opadder
having a predeterm ned particle size distribution around a pre-forned core
in a sealable capsule, (ii) reducing pressure within said capsule to a
predeterm ned pressure below atnospheric pressure, (iii) pressurising-said
capsule with a process gas to a predeterm ned pressure higher than the
predeterm ned pressure of step (ii), (iv) sealing said capsule, (v) heating
sai d pressurised seal ed capsul e at an €l-evated tenperature and an el evated
pressure for a predetermned tine to produce an inplant precursor, (vi)
cooling said seal ed capsule, and (vii) heating said inplant precursor for a

predeterm ped ti t an elevated tenper re and redeterm ned pressure
bel ow at rmgf)%«?ﬁkgﬁ AU S éﬁg'qr}ﬁlsg@#é%@b%a%&twh? §0&i d i npl ant
precursor. f | W, [ i ticle size
range of fF%ﬁlBﬁag[:)u ! }é[owflgﬁﬂet 0 al (%tl?t%%?tgalt %%}rﬁgrf&é%ggﬁgﬁgpgﬁéfog‘%l t he
particles psgowidnd the pdi@usReffdceadgrd 7 808R2RBEINtrdMEcPLLWEILIRY RS
produced, for exanple, by gas atomsation or mechanical attrition.

03/ 013396 BETimBt03723 -5 Conveniently, the core may be integral wth

t he capsule, although the core nay be free standing. In either case, the
core may be of the sane or

According to a second aspect of the invention, there is provided a method
of manufacturing a surgical implant in accordance with said first aspect
comprising the steps of:-

(i) loading metallic powder having a predetermined particle size
distribution around a pre-formed core in a sealable capsule,

(i)  reducing pressure within said capsule to a predetermined pressure
below atmaospheric pressure,

(iii)  pressurising said capsule with a process gas to a predetermined |
pressure higher than the predetermined pressure of step (ii),

(iv)  sealing said capsule,

(v)  heating said pressurised sealed capsule at an elevated temperature
and an elevated pressure for a predetermined time to produce an implant
precursor,

(vi)  cooling said sealed capsule, and

(vii) heating said implant precursor for a predetermined time at an
elevated temperature and a predetermined pressure below atmospheric

pressure, whereby to generate porosity in said implant precursor.

Preferably, the powder used in step (i) has a particle size range of from
about 50 pm to about 750 um (i.e. substantially all the particles are within
the specified size range). The powder may be produced, for example, by

gas atomisation or mechanical attrition.



different material to the powder and of the sanme or different material to
the rest of the capsule. Preferably, the predeterm ned pressure of step
(i) is 1WOd3mizsp6 (0.1 Pa) or |ess. Preferably, the predecaraBomms2pr essure
of step (vii) is 10-3 nmbar (0.1 Pa) or less. The process gas of step (iii)
may be an unreactive gas (eg. argon), or a reactive gas (eg. nitrogen), or
a mxture of reactive and unreactive gases, the unreactive gas serving as
a carrier or diluent for the reactive gas. Wen nitrogen is present in the
process gas, the surfaces of the eventually formed pores becone nitrided

t hereby increasing wear resistance and5-chemi cal inertness. Use of nitrogen
is particularly advantageous when the netallic powder contains titanium
As an alternative, a separate nitriding step may be carried out after step

(vii), preferably at pressure of from about 800C to about 1000C and at a
pressur e céonvwaaauﬁw%or@dﬂ@we intagrb W ith fhe gam&dﬁsalt@%ﬂérﬂa@ y the

t iii) is f b 1 b 1 105 Pa) t bout 5 b 5
R T05 pa S BRy Pe s stng b, B Bither 6% nb® gout BranlBe g %Rt ot ep
is f t : | M j rried out
bver 3 periaran paneid o e Pondetitd of i eae ok dIFERR e BLEZE = ©
PCT/ GB02/ GBé%@st obthencaisahe.NO, the seal ed capsule (and the inplant
precursor therein) is preferably cooled to roomtenperature. Step (vii)
may be perRreferablygrihetgiedetepinamed pressurs of siap (ihes ¢a@psabar (OM tRa)romt i vel y,

the i | ant precursor an be separated fromthe capsule after ste Vi
pri OrrTo S@ésg eieyablyn epredetergqined pressure of step (\ﬁi) is 10?3 m%ar (O.1p (vi)

Pa) or less.

The process gas of step (jiii) may be an unreactive gas (eg. argon), or a
reactive gas (eg. nitrogen), or a mixture of reactive and unreactive gases,
the unreactive gas serving as a carrier or diluent for the reactive gas.
When nitrogen is present in the process gas, the surfaces of the eventually
formed pores become nitrided thereby increasing wear resistance and
chemical inertness. Use of nitrogen is particularly advantageous when the
metallic powder contains titanium. As an alternative, a separate nitriding
step may be carried out after step (vii), preferably at a pressure of from
about 800°C to about 1000°C and at a pressure of from about 10 to 100
MPa for 1 to 8 hours. ”

Preferably the pressure of step (iii) is from about 1 bar (1 x 10° Pa) to

about 5 bar (5 x 10° Pa) positive pressure.

Preferably, the elevated temperature of step (v) is from about 850 to about
1100°C. Preferably, step (v) is carried out over a period of from about 1

hour to about 4 hours.



capsule is conveniently renoved by, for exanple, machining it off on a

| athe. Preferably, the elevated tenperature of step (vii) is fromabout 900
t o about WBMAQ133p% ef erably, step (vii) is carried out for Pead/GRIR®3T2BAN
about 80 hours, preferably no nore than about 60 hours, and even nore
preferably no nore than about 48 hours. Preferably, step (vii) is carried
out for at least 6 hours and nore preferably for at |east 12 hours. |If step
(vii) is performed with the precursor inplant in the capsule, the capsule
is separated fromthe inplant after step (vii), by for exanple machining.
It will be understood that the inplant-6-orned by the above nethod will

have the shape of the interior surfaces of the capsule so that additional
machi ni ng Kt &g (vhythresealgdicapsuledappitherimplent pregurseidhiereis) #hape for the

i mpl ant. However, an inplant having a shape sybstantially .as required can

be. pr oducerr HifaRlY §GOLEE LR L0RE KRG UR. ApBPABN B 3E BRERRRCTitN er i or

surface. %ﬂﬁl f | a I ' ul e can

be made inc udesgng trég@'ggfm ﬁge }ggr}gdﬁgﬁ'r &l?&ﬁgggéfﬁg@% ?@gmﬁ:ﬂecﬁﬁsﬁ sl i ght

nmodi fi cati @i ek (Gi ' tl

consol i dat ed prigﬁﬁ{%agm@ghlaggpg%Ftearﬂrfﬁgtsﬁﬁgﬁggﬁﬁﬁibgﬁ%?@?, m?' exanpl e,

sel ective ta@ssereds pbavenigndymertover! b, fonexaetplel, neaghimitey it affdoda pol yneric

bi nder. Different powder fractions may be used to form different regions

of the inplaghe. Paa&ral@lyt theelavatad tempeiatuke phstepdulihisi from@BautAd396

PCT/ GB02/ 0372 f or, maki ng i.opl ants havi a gradient porosity

w thin ¢ hetdpapats! 3Pt ok reletabiyariag Wh) & Rt ies QUHECOrRATHA cbent

L nvention, ;4881 80'Holts O¥et&4bR no more than about 60 hours, and even more
preferably no more than about 48 hours. Preferably, step (vii) is carried

out for at least 6 hours and more preferably for at least 12 hours.

If step (vii) is performed with the precursor implant in the capsule, the
capsule is separated from the implant after step (vii), by for example

machining.

It will be understood that the implant formed by the above method will
have the shape of the interior surfaces of the capsule so that additional
machining steps may be required to obtain the final required shape for the
implant. However, an implant having a shape substantially as required
can be produced by using a capsule having an appropriately shaped
interior surface. Examples of methods by which an appropriately shaped

capsule can be made include electro-forming and direct laser fabrication.

In a slight modification of the above method, the metallic powder is partly
consolidated prior to encapsulation. This may be achieved by, for
example, selective laser sintering a mixture of the metallic powder and a
polymeric binder. Different powder fractions may be used to form

different regions of the implant, and so this modification is particularly



further nethod of manufacturing a surgical inplant of said first aspect,
conprising the steps of: (i) selectively sintering successive |ayers of

net al | i c waroBiotd3es whereby to form an inplant precursor e@CTrepios2d shape,
and (ii) heating said inplant precursor whereby to formsaid inplant.
Preferably, step (ii) is effected under reduced pressure, for exanple in a
vacuum oven. Step (i) may be effected by sintering the particles around a
core. Preferably, said core is fromO0.7 to 1.0 of theoretical density
(i.e. has a porosity of fromO to 301). However, the core may have the
sane, higher or lower density, than tHe resultant porous surface region.
Preferably, substantially all said netalljc particles, have a size of 750 m
or |ess, mﬁfé%remkmwslmthgévmg&sr @n{?rBQ’EOS#th’eWE HbiRe RSPUH or | ess.
Pr ef er abl Yy said particles have a size of at least 50 m Preferably, said
metallic paﬁgt’?& es are in adm xture with a binder such as a |ight and/or
heat sensitive polyneric binder. Mre preferably, step (i) is effected by
scanning a |laser (typically of power 20 to 40 W over said m xture of

nmetal | i c paweerdiagdold fided aspdot @B oGl &R0sA 0BéP3 s povirded er abl y,
step.(ii) is effected fromabout 1000C to about 1300C. It will be
under st oodfurtizr metlsodpf Manufactoying asengigaldsgiant of taidrfirsioddpectt will be
understood that step (i) can be effected to give regions of nmacroporosity.
For exanpl goMprisingdee sEPsiired regi on can be provided wth recesses

ext endi ng j.pwar dl romt.he surface of the inplant,.and/ o chanbers wthin
Che Tl anlil 1 noalbahvEm N wRERsdhe e OF PRbUISBIRies URETES)
to form an implant precursor of required shape, and

(i)  heating said implant precursor whereby to form said implant.

Preferably, step (ii) is effected under reduced pressure, for example in a

vacuum oven.

Step (i) may be effected by sintering the particles around a core.
Preferably, said core is from 0.7 to 1.0 of theoretical density (i.e. has a
porosity of from 0 to 30%). However, the core may have the same, higher

or lower density than the resultant porous surface region.

Preferably, substantially all said metallic particles have a size of 750 wm or
less, more preferably 500 um or less and-most preferably 150 um or less.
Preferably, said particles have a size of at least 50 um. Preferably, said
metallic particles are in admixture with a binder such as a light and/or
heat sensitive polymeric binder. More preferably, step (i) is effected by
scanning a laser (typically of power 20 to 40 W) over said mixture of

metallic powder and hinder.



may be interconnected to provide channels or passages in the inplant. It

w Il al so be understood that such macroporosity can be introduced into the
i npl ant pwodaoesby t he nodi fied nmet hod of the second asp@ct/GBmobr23uses
sel ective | aser sintering. Enbodi nents of the invention will now be

described by way of exanple only, with reference to the acconpanyi ng
drawings in which: Figure 1 is a photograph showi ng how nmacroporosity can
be introduced by the nmethod according to the third aspect of the ’
invention, and Figures 2a is a schematic sectional representation of a
repl acenent |unbar spinal disc in accoddance with the present invention,
Figure 2b is a plan view of the disc of Figure 2a, Figure 2c is a detail
vi ew of Fi Queferaaly, Fiepulii} iseffected frarnerkatutc GG mnabboutep3@R%6Nt Htwidh of a
spinal cage in ,accordance with _the present invention, Figure 3b is a plan
vi ew of thgedﬁb@réﬁo g]ﬁténééﬁ,p ﬁl;damF dﬂf;@ eseat i lQiéfﬂﬁéiolf'fs-gvi ew of the cage
of Figure 3a. WO 03/013396 PCT/ GB02/03723 -9- Exanple 1 A 100 nmm | ong
cylindrical container of commercial purity titanium (ASTM B 338 GR 2)

having an WAl BRluHESRIG Rk RO ca? bERifed R)gferrgéﬁgsfalfaﬁet er of

25.4 mmwas fi a gas a powder ~conSi sti “particles of
Ti - 6Al - 4V addvppOfssiti. bF 6r Beadple the Ukt shtétdWregioRr@Febe provigddparticl e

size distribution. Were necessary, the powder was passed through sieves
of appr opr Mdthereraskes exiending imwpally iftarh dhe spafaceafdéheiimplintaandr. The
contai ner \éﬂgmfblelrls %tmnttrkl\%ui%[glggtr.altni ggditiidn? 'sa%dochambers and/or recesses

may be interconnected to provide channels or passages in the implant. It

will also be understood that such macroperosity can be introduced into

the implant produced by the modified method of the second aspect which

uses selective laser sintering.

Embodiments of the invention will now be described by way of example

only, with reference to the accompanying drawings in which:

Figure 1 is a photograph showing how macroporosity can be introduced
by the method according to the third aspect of the invention, and

Figures 2a is a schematic se;ctional representation of a replacement lumbar
spinal disc in accordance with the present invention,

Figure 2b is a plan view of the disc of Figure 2a,

Figure 2c is a detail view of Figure 2a,

Figure 3a is a schematic sectional representation of a spinal cage in
accordance with the present invention,

Figure 3b is a plan view of the cage of Figure 3a, and

Figure 3c is a detail view of the cage of Figure 3a.



"tap density" only. Air was evacuated fromthe container (pressure <0.1

Pa) and back-filled wth argon (105 Pa positive pressure) for 2 m nutes.
After seaWwDng/o13be contai ner was H Pped for 4 hours at 95@CT/GRO2A8723
external pressure of 100 MPa. Subsequently, the container was allowed to
cool to roomtenperature and at nospheric pressure, Ar remaining under
pressure in the alloy matrix. The inplant precursor was machi ned out of
the container and heat treated at 1050 C for 48 hours under vacuum (<0.1
Pa). The degree of porosity in the resultant inplant is given for different
powder fractions in Table 1 bel ow WD-03/013396 PCT/ GB02/ 03723 10- Table 1
Ex. Porosity Mean pore Size Distribution of Pores (,um (Um (% size (ym

> 350 > 25Exampl®1> 100 >50 la <125 32+2.3 32 - - - 4 47 1 b < 150
32.1+1.0 43 - - - 6 51 1c <500 31.32.0 49 - - 2 14 59 1 d 125-150 34+1.5.
61 - - 6 2& 18 nus lopg-aydimdsicabgootaimaer oficamnsacid purityigonzgo 27.82.7 72 -

102 1.3 3 88 M Ba38i0R2haloszn mieral disrmeter ot apois oMM ngkRn 500 3. 2

2.5 118 2. g8l dfi8mbefer & b5 i Wadtidd it ngas]atgm?ng pé‘&/dg
consisting of particles of Ti-6Al-4V alloy (Crucible Research, USA) having
a predetermined particle size distribution. Where necessary, the powder
was passed'through sieves of appropriate mesh to obtain a particular
particle size fraction. The container was filled without vibration, i.e. to
“tap density” only. Air was evacuated from the container (pressure <0.1
Pa) and back-filled with argon (10° Pa positive pressure) for 2 minutes.
After sealing, the container was HiPped for 4 hours at 950 °C at an
external pressure of 100 MPa. Subsequently, the container was allowed
to cool to room temperature and atmospheric pressure, Ar remaining
under pressure in the alloy matrix. The implant precursor was machined
out of the container and heat treated at 1050 °C for 48 hours under

vacuum (<0.1 Pa).

The degree of porosity in the resultant implant is given for different

powder fractions in Table 1 below.



1k 500-750 20.73.6 111 2.6 9 24 41 69 Exanple 2 Exanple 1 was repeated
usi ng powders having a size distribution of 180- 250 /am and 150-500 /.im
Hl Ppi ng wa® ogaraped out at 1000 C and

renoval

Pores (/gym

Exanple 1 was repeated using a powder

subsequent heat tr eaTraBw/§RBt er

fromthe container) was at 1050 C for 48 hours.
shown in Table 2. Table 2 Ex. Powder

The r

esults are

Porosity can pore Size Distribution of

. (um) (% size (/am >350 >250 >150 >100 >50 2a 180- 250
40.73.3 96 0.3 6 27 47 80 2b 150-500 38.82.1 117 1.3 7 27 48 78 Exanple 3

500, um HI Pping was carried out at 100¢p.C and subsequent heat

(after

r enoval

fromthe container) was at 1050 C from 12 up to

The resul tFalsleel shown in Table 3. WO 03/013396 PCT/ GB02/ 03723

having a size distribution of 250-

treat nent
48 hours.
-11- Table 3

r)y (%9 size

C
26 44 77 3b

76

Ex. Porosity 4can pore Size Distribution of Pores (/Jam Tine

(/.rm > ESI%,; Pxsoder |1F0rosityoQvisamPoreBa SiZze Riirdsutidh afiforgs gung)

24 33.82.1 120 3ufh)1Q 284 76 siAqAS [SB5EISB0IZI 56 S 160 FS FF
la | <125 | 32+2.3 32 - - - 4 47
1b | <150 | 32.1+1.0 43 - - - 6 51
1c | <500 | 31.3+2.0 49 - - 2 14 59
1d |125-150| 34+1.5 61 - - 6 22 68
1le {150-180| 34.6+2.0 74 - 1 14 33 72
1f |180-250| 27.8+2.7 72 - 1 13 34 73
1g |1150-250| 34.2+3.0 72 0.2 2 14 31 72
Th |150-500| 34.2+1.7 102 1.3 3 20 41 76
1i |250-425| 28.2+1.9 119 1.5 8 28 48 80
10 |250-500| 33.2+2.5 118 2.2 9 28 46 77
1j 1425-500| 20.1+2.2 116 1.7 9 27 45 77
1k |500-750| 20.7+3.6 111 2.6 9 24 41 69
Example 2

Example 1 was repeated using powders having a size distribution of 180-

250 pm and 150-500 ym. HIPping was carried out at 1000 °C and

subsequent heat treatment (after removal from the container) was at 1050

°C for 48 hours. The results are shown in Table 2.

Table 2 .
Ex. Powder | Porosity Mean pore|  Size Distribution of Pores (um)
(um) (%) size um) | >350 | >250 |>150| >100 | >50
2a | 180-250 | 40.7+3.3 96 0.3 6 27 47 80
2b | 150-500 | 38.8+2.1 117 1.3 7 27 48 78
Example 3

Example 1 was repeated using a powder having a size distribution of 250-

500 um. HIPping was carried out at 1000 °C and subsequent heat

treatment (after removal from the container) was at 1050 °C from 12 up to

48 hours. The results are shown in Table 3.



3d 48 33.2 2.5 118 2.2 9 28 46 77 Exanple 4 Exanple 1 was repeated using
a powder having a size distribution of < 150 gm Subsequent heat treatnent
after rerwoab/oof39¢ he contai ner was at 1050 C. The resul t CarGBl0d2A i N
Table 4. Table 4 Treatnent Porosity can pore Size Distribution of Pores
(,um) Ex. Time (hr) (%size (gm > 350 > 250 > 150 > 100 > 50 4a 12
4.10.7 15 - - - - - 4b. 24 163.024 - - - - 7 4c 36 25.65.8 27 - - - 2 12
4d 48 28.3+3.6 31 - - - 3 17 Exanple 5 Exanple 1 was repeated using a
powder having a size distribution of 250- k 425 Subsequent heat treatnent
after renoval of the container was for1148 hours at different tenperatures.
The results are shown in Table 5. Table 5 Treatnent Porosity Mean pore
Size Distribution of Pores (un) Ex. Tenperature (C (%9 Size (,um >-350
>250 > 150_> &_30 >50 00C 5a 1050C 29 1 117 1.0 6 27 47 82- 5b 1100C 26+1
108 0.5 5 3ab 80 5c 1150C 263 102 0.2 4 20 41 73 WD 03/013396

PCT/ GBO2/ 03E7X2"’Trea’cmen’c Porosity Mean pore| Size Distribution of Pores (um)
" | Time (hr) (%) size (um) [>350|>250/>150|>100|>50
3a 12 33.2+1.5 117 29 9 26 44 | 77
3b 24 33.8+2.1 120 3.0 10 28 46 | 76
3c 36 36.1+3.0 123 4.2 12 28 44 | 76
3d 48 33.24+2.5 118 2.2 9 28 46 | 77

Example 4
Example 1 was repeated using a powder having a size distribution of
<150 um. Subsequent heat treatment after removal of the container was

at 1050 °C. The results are shown in Table 4.

Table 4
Ex. Treatment| Porosity Mean pore| Size Distribution of Pores (um)
Time (hr) (%) size (um) |>350(>250|>150|>100| > 50
4a 12 4.1+0.7 15 - - - - -
4b. 24 16+3.0 24 - - - - 7
4c 36 25.6+5.8 27 - - - 2 12
4d 48 28.3+3.6 31 - - - 3 17
Example 5

Example 1 was repeated using a powder having a size distribution of 250-
425 um. Subsequent heat treatment after removal of the container was for

48 hours at different temperatures. The results are shown in Table 5.

Table 5
Ex. Treatment Porosity | Mean pore| Size Distribution of Pores (um)
Temperature (°C)| (%) Size (wm) |>350|>250{> 150> 100| >50
ba 1050°C 29+1 117 1.0 6 27 47 82
5b 1100°C 26+ 1 108 0.5 5 23 43 80

5¢ 1150°C 2643 102 0.2 4 20 | 41 73




-12- Exanple 6 Exanple 1 was repeated with various powders. After the heat
treatnment (1100 C for 48 hours) the inplants were pressure nitrided, in
pure nitwogani3daé 950 C and 50 MPa for 6 hours to coat tRETIGRo20BEB
surface of the pores with a thin layer of titaniumnitride. The results
are shown in Table 6. Table 6 Powder Porosity Mean pore Size Distribution
of Pores (/am) Ex. (um (9% size (pn) >350 >250 >150 >100 >50 6a < 125
44, 7+43.7 69 0 0 3 16 62 6b 125-150 44.84.7 93 0 1 14 38 77 6¢c 150-180
40.82.7 107 1.0 4 21 43 80 6d 180-250 34.7+3.1 114 0.4 3 23 41 70 6e
250-425 31.22.6 146 5 15 37 59 89 6f -425-500 21+3.1 143 3 13 39 61 86
Exanple 7 A 12.7 mmsolid cylindrical core of Ti-6Al-4V was centrally

pl aced i n Exampdé®ani um cont ai ner described above for Exanple 1. The space
between the core_and the inner, cylinder wall was filled with Ti-6Al-4V
powder  (pAXaMPle lsyvaer %@@a’[‘?gO’V iy variges sy aense rAfigrsthe /eatdresdmend

RackT 116 il O TS SR LR SPShgh TS 2 850 ©
cont ai ner Hﬁ%ﬁq,]%g%%@én&gOW%%r §L]/j(§fqua@cga?gh%@%rﬁ%g%ﬁcg%\f' ng a

porous coatin orosify wmth 4 por e
the pores with a thin layer of titanium nitride. The results are shown in

Table 6.

Table 6
Ex. Powder | Porosity |Mean pore| Size Distribution of Pores (um)

(um) (%) size um) | >350 |>250{>150{>100| >50

6a <125 | 44.7+3.7 69 0 0 3 16 62
6b | 125-150 | 44.8+4.7 93 0 1 14 38 77
6¢c | 150-180 | 40.8+2.7 107 1.0 4 21 43 80
6d | 180-250 | 34.7+3.1 114 0.4 3 23 41 70
be | 250-425 | 31.2+2.6 146 5 15 37 59 89
6f | 425-500 | 2143.1 143 3 13 39 61 86

Example 7

A 12.7 mm solid cylindrical core of Ti-6Al-4V was centrally placed in the
titanium container described above for Example 1. The space between m
the core and the inner cylinder wall was filled with Ti-6Al-4V powder
(particle size 500-710 um). The container was evacuated and backfilled
with Ar to 10° Pa positive pressure , sealed and HIPped at 950 °C for 4
hours at 100 MPa. Subsequent heat treatment after removal from the
container was at 1050 °C for 48 hours. This resulted in a sample having a
porous coating of 29+5% porosity with 43% of pores >50 um, 16%
>100 um and 6% > 150 um.



>100mand6% >150m WO 03/ 013396 PCT/ GB02/ 03723 -13- Exanple- 8 Exanple 1
was repeated using powder having a particle size < 125 /-Im After Hi Pping
t he part we ogmcisveed to renove the container and to reduc@CTidBo203RBet er of
the part to -17 mm Unlike Exanple 1, no heat treatnent was carried out at
this stage.. The resultant cylinder was then wused as the core in the sane
way as Exanple 7, the container having an external dianeter of 38.1 nm and
an internal dianmeter of approx 35 nm Exanple 7 was then repeated, the
core being surrounded in this case with 250-425 1-pm size powder. The
resul tant inplant had a porous core wih-a nean pore size of 26pm (28.92.1
% porosity) and a porous outer layer wth a nean pore size of 113 ,um
(24.9 +1. 9% porosity). Exanple 8 denonstrates the ability of the nmethod to
pr oduce inEI ants _having predeterm ned regions of differing porosity in a
control | abF¥ ’“ﬁ’i‘i’lﬁer. In addition, it will be understood that the procedure

can be ex n it nplant, having nore,.than 2 different |ayers
of differ F%%ggg? gg\f/%?éjé’éageédpﬁaow%ﬁ V&% APAiels g %EE f act ur ed.
Exanpl e 9 Rfapplie %\ﬁ% (NTONRERY Vi r (3;31 I ngd size
di stribution. Art g?rn e Eggﬁgt r earﬁﬁr%ﬁ?o F%%kéhgoéd}&gﬁhegﬁﬁs Eﬁlg% es were
machi ned i tHendiaemeter @f ties papt 1eces! Armh. Uliké BRamiNed! Nekestl the' porous
material could be assessed. The results are shown in fable 7. WO 03/013396
PCT/ GB02/ OB@a@nentiwas carried out at this stage.. The resultant cylinder was then

used as the core in the same way as Example 7, the container having an

external diameter of 38.1 mm and an internal diameter of approx 35 mm.

Example 7 was then repeated, the core being surrounded in this case with

250-425 um size powder. The resultant implant had a porous core with a

mean pore size of 26 um (28.9+2.1% porosity) and a porous outer layer

with a mean pore size of 113 ym (24.9 + 1.9% porosity).

Example 8 demonstrates the ability of the method to produce implants
having predetermined regions of differing porosity in a controllable
manner. In addition, it will be understood that the procedure can be
extended to produce an implant having more than 2 different layers of

differing porosity, i.e. graded porous structures can be manufactured.

Example 9

Example 1 was repeated using powder having a predetermined size
distribution. After the heat treatment (1100 °C for 48 hours), samples
were machined into tensile test pieces such that the properties of the '

porous material could be assessed. The results are shown in Table 7.



Tabl e 7 Powder Porosity UTS E Elongation 0.2% PS 0.3% PS Ex. (,um) (%
(MPa) (GPa) (%W (MPa) (MPa) 7a < 500 24.6 386 58 .1 346 367 7b 125-150
25.7 437 w0 03/0133383 398 7c 150-250 26.2 435 64 0.8 384 392T/GBI2A503500
27.5 493 74 1.8 420 439 Exanple 10 In order to denonstrate that in the
Exanpl es where a pre-forned core is bonded to a porous surface region,
there is a strong bond at the interface between the core and surface
regions, tensile strength tests where carried out. In these tests, the
powder (Ti-6Al-4V) was sinultaneously consolidated and di ffusion bonded to
a solid Ti-6Al-4V bar such that the im-erface was at the m dpoint of the
gauge length of the sanple. Two powder fractions were assessed, 125-150
,um (test FBablglZ2 a) and 150-250 ,um (test sanple b). In each case, the

sanpl eI Cﬂ:‘th(I NPowWeRs | Pacdity! Lewfrst,w the Af EIbQ %@&1 L2POPS om/onnge:;ur e-THThe
initia stlage _was c i@ or Ls|a a. e
subsequent|_heat qﬂnﬁt ma% st a@gHa) @5‘?@3 ri ddout | M0 z':\/\%%r A48 hours.
The resul tjam |pst™¥] tly 2da8 aboific 4098 (1 est Isanp| e 3#b and 3%0% (L est sanple
b) . {n ]?ot h7[§cl$§§ 1t5r@e~ tengile 4555 tvagoaaouu 400 & gand TagggJ_re oc%gr{_ege
renot e frgmthe—Rterfacewrthipn—the tHherperousratera . uti
nmet al | ogr ap ‘FC‘T? \?er’@tl Zons fi ﬁ%d thé? 8t he ‘r?’lgérf ac;?’?v%na ned-
unaf f ect eqd Zohd26@&H00the 7.5t ¢r f42% Wwag4free 1B co1t a2oOnati o34 . . oxi des)
and i ndi stingui shabl e from the adj acent Marrix.

B

Example 10

In order to demonstrate that in the Examples where a pre-formed core is
bonded to a porous surface region, there is a strong bond at the interface
between the core and surface regions, tensile strength tests where carried
out. In these tests, the powder (Ti-6Al-4V) was simultaneously
consolidated and diffusion bonded to a solid Ti-6Al-4V bar such that the
interface was at the midpoint of the gauge length of the sample. Two
powder fractions were assessed, 125-150 um (test sample a) and 150-250
um (test sample b). In each case, the sample container was backfilled
with Ar to 10° Pa positive pressure. The initial HIP stage was carried out
at 950 °C for 4 hours at 100 MPa. The subsequent heat treatment stage
was carried out at 1100 °C for 48 hours. The resultant porosity was about

40% (test sample a) and 35% (test sample b).

In both cases the tensile UTS was about 400 MPa and failure occurred
remote from the interface within the bulk of the porous material. Routine
metallographic investigations confirmed that the interface remained
unaffected and that the interface was free of contamination (i.e. oxides)

and indistinguishable from the adjacent'matrix.



WD 03/ 013396 PCT/ GB02/03723 -15- Exanple 11 Referring to Figure 1, the
parts shown were fabricated by selective laser sintering. The laser is
cont r ol | eaolwg/om3e©nput er which is | oaded with a CAD fil ePcoraBin3dmg t he
configuration of the part. The part was fabricated on a powder bed heated
to 160C (typical tenperature 100-200C). Powder of particle size < 150 m
and 15% by vol une binder (typically 5 to 25% by volune) was heated to 60C
(typically 50-100C) and fed onto the powder bed with a build height of 200
m per layer (typically 100 to 500 n). Selective sintering was effected
using a 25 Wlaser. After the part had5been built up, debinding was
effected at 400C for 30 mnutes (typically 200-500C for 30 to 120 m nutes)
af ter whi clkxamplerithg was effected at 1100C (typically 1000-1350C). As can
be seen fromFigure 1, the part 2 has a generally porous cylindrical )
regi on (pofﬁsﬁwgoﬂo Rigyie 12®hQ9@6t5 PR werééahrmatadrtaysaiectnwlaf,er ecesses 6

Cnoa s cun S tﬁﬁéggﬁﬁ*eﬂ%ésy i oEe '24?@5"5'%%@&%?@*1@? SRR part 2
except, thac ABIERCFRR S 156 BoRfEThA b ATR! Birt MK pd8 ik AbPRgRT | o L0

part 2, except t at t cesses mmihn I n
addi tion, @nch pewdar lc%dhéat@‘d ©hepoed &yﬁudafﬁterﬁb@i/dtd?@1066@(500@)%“9' s 1.5

nmmin dianeter and extends fromthe top surface of the part to its base.
Ref erri ng Powdgufesarliald sizac< 160 gpl avd Mm% W@I@'mé“tﬁﬁdéts (tybiedlly 5

schematically. The disc conprises a per se known bi onedi cal
seni cryst altd 2580 iyl yoheinie) \ias beated fob0%x dypical yob QU0 fhaedded onto
the powder bed with a build height of 200 um per layer (typically 100 to

500 um). Selective sintering was effected using a 25 W laser. After the
part had been built up, debinding was effected at 400°C for 30 minutes
(typically 200-500°C for 30 to 120 minutes) after which sintering was
effected at 1100°C (typically 1000-1350°C).

As can be seen from Figure 1, the part 2 has a generally porous cylindrical
region (porosity of about 20-25%), with a regular array of round recesses 6
around its outer periphery (“macroporosity”). The recesses 6 are 0.75 mm
in circumference and extend inwardly by 3mm. Part 12 is similar to part

2 except that the recesses 6 are 2 mm in diameter.

Part 22 is also similar to part 2, except that the recesses 6 are 1 mm in
diameter and 5 mm deep. In addition, a circular array of channels 8 is
provided. Each channel is 1.5 mm in diameter and extends from the top

surface of the part to its base.

Referring to Figures 2a to 2¢, a replacement spinal disc is shown
schematically. The disc comprises a per se known biomedical

semicrystalline polymeric disc 30 (for example polyurethane or



WO 03/ 013396 PCT/ (B02/03723 -16 pol yethyl ene) sandw ched between a pair of
di sc-shaped netallic end plates 32 in accordance with the present

i nventi orwODh®1330d yneric disc 30 is secured to the end plrarasB3a32y
adhesive, although it will be understood that the elenments can be fused
together or the end plates 32 infiltrated with the polyneric disc 30. The
di scs 32 thensel ves are generally kidney shaped (Figure 2b) and. conprise a
substantially non-porous core region 32a adjacent the polyneric disc 30
and a porous outer region (32b), renote fromthe polyneric disc (30)
(Figure 2c). The porous outer region f-dérlitates tissue i n- growt h.
Referring to es 3a to 3c, a spinal cage 40 is generally in the shape
of a holl cmlwg& tsande@bedh@twaen arfeais of disc-dhaped metali¢ 2naf

substanti al lly dense netal |s surrounpded by a_porouys outer netal
regi on 44 (pf%t?? I3§t'£>t/"f‘ aﬁnﬁ?éN\hﬂP\ pfﬁsggha)ven&l%slggao apmexicedias t hr ough

the centre3pf SEEG thdé)enat \,\K|§e3r2b$¥ ﬁgﬁg%ﬁ{gaﬂﬁﬁg{‘g égélr m t he foregoi ng

t hat by careful on of aneters, a

desired pOfLmﬂetMo@ddhﬁpth% él'e?ﬁent@'cﬁhrldebféfsé Qogé\t %rR ﬁllé‘ié %f’ region

can be obtained, according to the parti cu en app |on intended for
t he i npl aninfilitatédwgth thepabovericikianpbes are cylindri cal rods, it will be
understood that they can be readily machined to an appropriate shape
dependi ng on the pr oposed use ~Equally, it will be understood that the

cont ai ner ed,.t are I ant ecurs need not be cylindrical
and can beﬁ‘? dc{ gégﬁpl&je Vsq%ﬁ;g neraII)PlEldney S aped (Figure 2b) anyd -
comprise a substantially non-porous core region 32a adjacent the
polymeric disc 30 and a porous outer region (32b), remote from the

polymeric disc (30) (Figure 2¢). The porous outer region facilitates tissue

in-growth.

Referring to Figures 3a to 3c, a spinal cage 40 is generally in the shape of
a hollow tuber with a rectangular cross section. A core 42 of substantially
fully dense metal is surrounded by a porous outer metal region 44

(facilitating in growth of tissue). A passage 46 extends through the centre

of the cage 40.

lt will be readily apparent from the foregoing that by careful selection of
powder fraction and process parameters, a desiréd porosity and pore size
distribution of the porous surface region can be obtained, according to the
particular end application intended for the implant. Although the above
Examples are cylindrical rods, it will be understood that they can be
readily machined to an appropriate shape depending on the proposed use.
Equally, it will be understood that the container used to prepare the

implant precursor need not be cylindrical and can be of any desired

shape.



WO 03/ 013396 PCT/ @B02/03723 -17 CLAIMS 1. A surgical inplant conprising
(i) a core region, and (ii) a porous surface region extendi ng over at | east
a part ofweaB@1ises e region, wherein the porous surface r@graBas2a
predeterm ned pore volune fraction. 2. An inplant as clained in claiml,
wherein the pore volume fraction wthin the porous surface region is 20 to
50% 3. An inplant as clained in claim1l or 2, wherein the pores are

i nterconnected and substantially uniformy distributed within the porous
surface region. 4. An inplant as clainmed in any preceding claim wherein at
| east sone of the pores have a size i-n7the range of from 100 mto about
750 m 5. An inplant as clainmed in any preceding claim wherein the porous
surface region is at | east about 1 nGLAMSk and preferably fromabout 2 mm
to about 5 mmthick. 6. An inplant as clainmed in any preceding claim
wherein distinct regions within the porous surface region have a different
pore size _distr,i butlon an$/or a different pore volune fraction such that
there is a W 0894 HEINERIIE- - 18 pore size and/or pore vol une

fraction g”adl thco%trgél%nt gﬁdpor ous surface

(i)  a porous surface region extending over at least a part of said core
region,
wherein the porous surface region has a predetermined pore volume

fraction.

2. An implant as claimed in claim 1, wherein the pore volume fraction

within the porous surface region is 20 to 50%.

3. An implant as claimed in claim 1 or 2, wherein the pores are

interconnected and substantially uniformly distributed within the porous

surface region.

4. Animplant as claimed in any preceding claim, wherein at least

some of the pores have a size in the range of from 100 pm to about 750

um.

5. Animplant as claimed in any preceding claim, wherein the porous
~surface region is at least about 1 mm thick and breferably from about 2

* mm to about 5 mm thick.

6. An implant as claimed in any preceding claim, wherein distinct
regions within the porous surface region have a different pore size

distribution and/or a different pore volume fraction such that there is a



region. 7. An inplant as clained in any preceding claim wherein the core
region has a density of fromO0.7 to 1.0 of theoretical density. 8. An

i npl ant awOoMBAiased i n any preceding claim wherein the coPeT/GBdgiosmn3and/ or
t he porous surface region are made fromtitanium comercial purity [ASTM
B 338 GR 2] titanium stainless steel, titanium based alloys, Ti-Al-V
alloys, Ti-A-Nbo alloys or cobalt-chromumbased alloys. 9. An inplant as
claimed in any claim8, wherein the core region and/or the porous surface
region are made from Ti-6Al -4V, Ti-6A-7Nb, Stellite 21 or stainless steel
31 6L. 10. A nethod of manufacturing ai8urgical inplant in accordance with
any one of claims 1 to 9 conprising the steps of: (i) loading netallic
powder havpate sizprargioe porewd| yaetfradtionsgradienti withirbthé poreuosuntace
pre-fornmed cqre in a seal able capsule, (ii) reducing pressure within said
capsul e to'®'BPedet erni ned pressure bel ow at nospheric pressure, (iii)
pressurising said capsule with a process gas to a predeterm ned pressure
hi gher than the predeterm ned pressure of step (ii), (iv) sealing said

capsule, (y) heah i'ﬁgpll%ﬁit ds Bgﬁﬁ%ﬂiﬁgﬁyﬁ?Q&Qn %"I’éiﬁéewﬁter%ﬂttﬁle q%ed

tenperature and an el evaied pressure’ for a predetéermned tinme to produce

an i npl ant regiortassodendiy 68frOR389B t¢CT0 GBAEGI8Tal deddty Vi) cooling said
seal ed capsul e, and ,

8. An implant as claimed in any preceding claim, wherein the core

region and/or the porous surface region are made from titanium,

commercial purity [ASTM B 338 GR 2] titanium, stainless steel, titanium-

based alloys, Ti-Al-V alloys, Ti-Al-Nb alloys or cobalt-chromium based

alloys.

9. An implant as claimed in any claim 8, wherein the core region
and/or the porous surface region are made from Ti-6Al-4V, Ti-6Al-7Nb,
Stellite 21 or stainless steel 316L.

10. A method of manufacturing a surgical implant in accordance with
any one of claims 1 to 9 comprising the steps of:-

(i) loading metallic powder having a predetermined particle size
distribution around a pre-formed core in a sealable capsule,

(i) reducing pressure within said capsule to a predetermined pressure
below atmospheric pressure,

(iii)  pressurising said capsule with a process gas to a predetermined
pressure higher than the predetermined pressure of step (ji),

(iv)  sealing said capsule,

(v)  heating said pressurised sealed capsule at an elevated temperature
and an elevated pressure for a predetermined time to produce an implant

precursor,



(vii) heating said inplant precursor for a predetermned tinme at an

el evated tenperature and a predeterm ned pressure bel ow at nospheric
pressur e, Walanesye t o generate porosity in said inplant pr@curGeI/03723. A

met hod as clainmed in claim210, wherein the powder used in step (i) has a
particle size range of fromabout 50 mto about 750 m 12. A nethod as
claimed in claim10 or 11, wherein the predetermned pressure of step (ii)
is 10-3 nmbar (0.1 Pa) or less. 13. A nmethod as clained in any one of clains
10 to 12, wherein the predeterm ned pressure of step (vii) is 10-3 nbar
(0.1 Pa) or less. 14. A nethod as clait®ed in any one of clains 10 to 13,
wherein the process gas of step (iii) is an unreactive gas, or a reactive
gas, or af{vi)xt woelingfsaieaealedecapstleyanshcti ve gases, the unreactive gas
serving as a carrier or, . diluent for the reactive gas, 15, nmet hod as

cl ai med ir(V& aﬁ\ﬁaimg SRS irBPIA; F?rreStj&ﬁ?riqgr ﬁ?éﬂd%t?r?‘%%e‘jrt%%%?ﬁ’%B gas. 16. A
nmet hod as ¢l ai | 0, i : , rei LWLk ding step
is carri e(??%\(ﬁtggg?’i‘%eg&i%g%@ﬂ% PP%#tgﬁnﬂ#&%@#é%re%ioﬁbegnﬁgsgh%ﬁ%ne of
clainms 10 el A dlbh) of&cdrgem about 1 x 105
Pa to abo&rgg&ﬁe’lwg‘%lggb%gésggpsgtgmgghfg\. §EltV\% 039/ 81% 96 PCT/ GB02/03723 -20
18. A nethod as clained in any one of clains 10 to 17, wherein the

el evated tenperature of step (v) is fromabout 850 to about 1100C. 19. A
met hod as dl.ai nednethodras daimed iplclaing 100 veherem thehppwigertused 18|86t ed

tenperature of step (vii) is fromaboyt 900 to about 1 C.
i (i) has a parpcic(le siz)e range of from about 50 um to aBout 9%% um.

12. A method as claimed in claim 10 or 11, wherein the predetermined

pressure of step (ii) is 10 mbar (0.1 Pa) or less.

13. A method as claimed in any one of claims 10 to 12, wherein the

predetermined pressure of step (vii) is 10 mbar (0.1 Pa) or less.

14. A method as claimed in any one of claims 10 to 13, wherein the
process gas of step (iii) is an unreactive gas, or a reactive gas, or a mixture
of reactive and unreactive gases, the unreactive gas serving as a carrier or

diluent for the reactive gas.

15. A method as claimed in claim 14, wherein nitrogen is used as the

reactive gas.

16. A method as claimed in any one of claims 10 to 14, wherein a

nitriding step is carried out after step (vii).

17. A method as claimed in any one of claims 10 to 16, wherein the
pressure of step (iii) is from about 1 x 10° Pa to about 5 x 10° Pa positive

pressure.



20. A nethod as clainmed in any one of clains 10 to 19, wherein the inplant
precursor is separated fromthe capsule after step (vi) prior to step
(vii). 2IwoAsmesbo©d as clainmed in any one of clains 10 t oPCI/GRMERBN t he
capsule is separated fromthe precursor inplant after step (vii) by

machi ning. 22. A nmethod as clainmed in-any one of claim10 to 21, wherein
the netallic powder is partly consolidated prior to encapsul ation,
preferably by selective |aser sintering a mxture of the netallic powder
and a polyneric binder. 23. A nmethod of manufacturing a surgical inplant
in accordance with any one of clains -R0to 9, conprising the steps of: (i)
sel ectively sintering successive layers of netallic particles whereby to
form an i npl ant precursor of required shape, and (ii) heating said inplant
precur sor ere y t ald i mpl ant. 24, A method as clalned in claim
23, wherei steg‘ 5‘°$§5 @'@%@‘é:ﬁﬁﬁ&f&ne okdlainag 1&(@5%{7”@’ NBNOE013396

wher oin st SEVASE @mﬁg B8P & imePimabeuie Rae Aboe Yo ™ Core. 26

A met hod as cl ai rred in any one of clains 23 to 25, wherein substantially
all said netallic particles have a size .of 750 gmor |less 27. A nethod as

claimed in18ny Anmetfiodlagiol®in?ed 19 aR$ or%@tf@l'annﬁlodto P@rWh@t@iﬁ e i N
adm xture with a |light and/or heat sensitive polyneric binder.
elevated temperature of step (vii) is from about 900 to about 1300°C.

20. A method as claimed in any one of claims 10 to 19, wherein the
implant precursor is separated from the capsule after step (vi) prior to step

(vii).

21. A method as claimed in any one of claims 10 to 19, wherein the
capsule is separated from the precursor implant after step (vii) by

machining.

22. A method as claimed in any one of claim 10 to 21, wherein the
metallic powder is partly consolidated prior to encapsulation, preferably
by selective laser sintering a mixture of the metallic powder and a

polymeric binder.

23. A method of manufacturing a surgical implant in accordance with
any one of claims 1 to 9, comprising the steps of:-

(i) selectively sintering successive layers of metallic particles whereby
to form an implant precursor of required shape, and

(ii)  heating said implant precuréor whereby to form said implant.

24. A method as claimed in claim 23, wherein step (ii) is effected under

reduced pressure.



28. A nmethod as clained in claim27, wherein step (i) is effected by
scanning a | aser over said mxture of netallic powder and binder. 29. A
nmet hod aswoloaiomsde i n any one of clainms 23 to 28, wherein PCEHGBRIOBRN3I S
effected at a tenperature of from about 1000C to about 1300C. 30. A nethod
as claimed in any one of clainms 23 to 29, wherein step (i) 1is effected to
gi ve regions of nacroporosity.

.21-

25. A method as claimed in claim 23 or claim 24, wherein step (i) is

effected by sintering the particles around a core.

26. A method as claimed in any one of claims 23 to 25, wherein

substantially all said metallic particles have a size of 750 um or less

27. A method as claimed in any one of claims 23 to 26, wherein said

particles are in admixture with a light and/or heat sensitive polymeric
binder.

28." A method as claimed in claim 27, wherein step (i) is effected by

scanning a laser over said mixture of metallic powder and binder.

29. A method as claimed in any one of claims 23 to 28, wherein step

(i) is effected at a temperature of from about 1000°C to about 1300°C.

30. A method as claimed in any one of claims 23 to 29, wherein step (i)

is effected to give regions of macroporosity.



