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ort hopaediwogipkgsat materials, to orthopaedic inplant devices conprising
said materials and to 5 methods of fabrication of said natmfﬁ%{’]&ﬁ%
devices. Othopaedic inplant materials are used for a range of applications
relating to the fixation, fusion, reconstruction, treatnent, and

repl acenent of human and ani mal bones. Conditions treated in this 10 way

i ncl ude bone fractures, bone degenerationl and bone cavities caused by
events such as trauma, and infection. Perhaps the nost commonly used
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as joint replacenents used In the treatnent o s of the hip and
‘knee, include orthopaedic inplant material such as pol ynet hyl net hacryl ate
which is used%g@ a begﬁ'e .cerirent in 25 the replacenent. Bone cavities
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30 way include bone fractures, bone degeneration, and bone cavities

caused by events such as trauma, and infection.

Perhaps the most commonly used orthopaedic implant materials are

titanium and stainiess steel. For example these materials are used in
15 the treatment of fractures; the fractured bone or bones being held

together by screws and/or plates formed from the metal. Another

material that has been used in bone fixation is self reinforced

poly(glycolic acid) (SR-PGA). Screws formed from SR-PGA have

been used in the treatment of cancellous bone .fractures; an
20 advantage of SR-PGA being its resorbability. |

Bone replacements, such as joint replacements used in the treatment
of arthrosis o_f the hip and knee, include orthopaedic implant material
such as polymethyimethacrylate which is used as a bone cement in
25 the replacement. Bone cavities resulting from such things as trauma
and tumours are typically treated by autografting. However, the
autograft harvest can result in considerabis patient discomfort. For
this reason work has been done to find an orthopaedic implant
material that can act as a bone graft substitute. Materials such as

30 collagen_, hydroxylapatite, and tricalcium phophate have been used in
treatment of such cavities.
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30 col l agen, hydroxylapatite, and tricalcium phophate have been
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confused with the term"bioactive material". For exanple GB 2317885

di scl oses certain types of porous silicon and polycrystalline silicon that
are 5 bioa-ctive and that are capabl e of bonding to bone. Othopaedic
material is distinguished over bioactive material in that it hust satisfy
significantly nore rigorous criteria. For a material to be bioactive it

must sinply bond to human or animal tissue. For a material to be suitable
for orthopaedic inplantation jt
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opaedic I nplant material often has to be strong, for
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that 25 allows the patient's oqwn .bone grow and mat ure._This | ast factor
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10 properties relating to its use in the treatment, repair, or replacement

of bone.

If an orthopaedic implant material is used in the fabrication of an
implant that is to be bonded to a bone, then good integration
15 between the material and the bone may prevent loosening of the
implant. Such loosening can be caused by infection or by reaction to
the presence of the implant in the patient's body. For many
applications it is therefore advantageous that the implant material
should minimise the risk of such infection or adverse reaction. The
20 risk of loosening can also be reduced by encouraging the bonding or
growth of bone and supporting soft tissue to or into the implant.

Orthopaedic implant material often has to be strong, for example in
the treatment of load bearing bones, and yet have a structure that
25 allows the patient's own bone to grow and mature. This last factor is
of particular irﬁportance in the treatment of young patients whose ‘ _' .
bones are continuing to grow. The mechanical properties of the
implant materials are also important in maintaining the properties .of
the bone with which the material'i_s associated. If the elastic moduius
30 of the material differs frbm that of the bone, then the load
experieﬁced by the bone may be reduced. The phenomenon is



bories are conti nui ng to grow. The nechani cal properties of the mﬂeﬁgi
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PCT/ G(B01/ 02524 3 known as stress shielding and i s undesirabl e because
living bone nust be under a certain anmount of tensile load in order to
remain healthy. 5 An orthopaedic inplant” material used in the repair of a

bone, may orinpwre aegtiesyd shisididg shd 461 endesirabe beRause Fi-Oi?lrgJ%r@(

. .resorbable materials that are absorbed by a patient's body over a period

-of time may "BSkHRURAEr 1@ Caftrin amaunteqfiteasiaitioadyinhavilen tarremainant
that is absor%%qth xpensive and tine consum ng surgery renoving 10 the

~.inplant may be  avdided. A beneficial substance, such as an antim crobial
“agent or bone -growth factors may al so be incorporated in the resorbable

“material to be rel eased as the material corrodes. Despite these favourable
propertied, dm@rtwpaedior thpiant materiabesed nithe wiepait bf atomg, Rigyor art
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absorpti Qo PrtRECihpRnt ATy TERANIGLE! T Bbhdicial substance, such as an
antimicrobial agent or bone growth factors may also be incorporated

in the resorbable material to be released as the material corrodes. |

Despite these favourable properties, a number of problems have

been found with the use of prior art resorbable materials. For

15 example, implants comprising such material may fail due to
degradation before sufficient healing has occurred, or small debris
particles at the last stages of degradation may cause pain in the
affected area. Also resorbable materials often lack the mechanical

. strength for use in load bearing applications.

20
The properties of the orthopaedic implant material will depend on the
application for which it is to be used. Two further properties that may
be significant are: X-ray absorption properties, and compatibility wfth
bone. The orthopaedic implant material should not impair the health

25  of the bone; for example certain bone cements have been found to
cause death of tbe bone with attendant ioss of mechanical strength.
The growth and/or repair of a bones will typically be monitored by
standard medical imaging techniques such as X-ray radiography.
Prior art orthopaedic implant materials, particularly metéls, have

30 been found to interfere with such imaging; and resorbable polymers
have a density and composition comparable with that of surrounding
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present invention to provide orthopaedic inplant materials and orthopaedic
I mpl ant devices that better satisfy these requirements. It is a further
obj ect to prbhedactessitbat affect yretheriapatenat megtscthearequirgmentsdes. 10
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99/53898 (WO 00/ 66190 (WO ' 190 are also relevant to part of
t he present matemalisoandGBrth2paedicdimpiant devinessthat bettervsatisfy these

o habi o oAbl T1db % CAet sbiod i nesvicks TaubFBA S b GhgRRL
derivati sed tm%rs%u&]af%ﬂi%&ogladwgg_ng to a first aspect the invention

provi des an orthopae i mplant material conprising porous and or
pol ycrystalline silicon. An orthopaedic inplant material is a material that
may be used in the treatnent and/or refp%ir and/qr, re k,ace,rrei‘nt of .anj mal or

human bd®e Prior art that is relevant to part of the present invehtion includes Mat.

Res. Soc. Symp. Proc. Vol. 452, 1997, p 579-589. This paper

described the use of silicon as an active biomaterial. GB 2 025 238 A

(GB ‘238), WO 99/53898 (WO '898), and WO 00/66190 (WO ‘190)

are also relevant to part of the present invention. GB ‘238 discloses

15 prosthetic devices that comprise silicon nitride, WO ‘898 discloses

silicon implants that comprise resorbable silicon. WO '190 discloses

a number of devices that comprise derivatised porous silicon.

According to a first aspect the invention provides an orthopaedic
20 implant material comprising porous and or polycrystalline silicon.

An orthopaedic implant material is a material that may be used in the
treatment and/or repair and/or replacement of animal or human bone.
The bone may require such treatment and/or repair and/or
25 replacement as a result of damage, disease, or a genetic defect. The
term “replacement” is intended, for the purposes of this specification,
to include the growth of a bone or part of a bone that was not present
in a patient's body. The orthopaedic' implant material may be adapted
for use withiﬁ an animal or human. It may also be adapted for use

30 outside an animail or human body. For example, bone repair could be
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" G0PpeW)d of dammge, disease, or a genetic defect. The term "replace
' is intended, for the purposes of this specification, to include hg rzﬂwth
of a bone or part of a bone that was not present in a patient's ﬁvﬁ e
ort hopaedic inplant material nmay be adapted for use within an aninmal or
human. It may al so be adapted for use 30 outside an ani mal or hurman body.
For exanpl e, bone repair could be AVENDED SHEET 7- GBOL 02524 05-2002 01
OCT 24& 4a perfornmed outside a pati eng' s body, the repaired bone or bones
then being replaced in the patient by Br gery. Orthopaedic inplant
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treatnent, repair, or replacenent process. Preferably t Qrt hopaedi c
i npl ant nat dNAYI beadsed As & shidddaiy pPrevephipgrawlth of yseft: issue tinj the

Condi ti ons: SHAP PRV SRR e kol g, 0 5 e T M

The use of porous and/or polycrystalline silicon promotes
10 calcification and hence bone bonding. The semiconductor properties
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knée, vertebral fracture, spi nal fusion, |long bone fracture, soft tissue

* repair, and osteoporosis. 10 Preterably the porous and/or polycrygq%quPﬁ
silicon iwo@ssssrabl e porous and/or polycrystalline silicpanch 0243€ ©
resor babl e porous and or polycrystalline silicon is advantageous Since it
obvi ates the need for surgery-to renove the 15 orthopaedic inplant
mat eri al. The porous and/ pr polycrystalline silicon is corroded in the
body during the replacenent of the bone. _Porous and/or polycrystalline
silicon also has a high nmechanical strength, relative to prior art

resorbabl e palfypBicusisit/ar pdlyéyBRARAECsiIEBhABeRR! fd Way 18" iddirical

..therefore nore suitable for | oad 20 bearing application he corrosion

“properties ofcqureef Hia treatmeny, repait,cot cepdcemerntosmcoeegyi red for a
particular inplant by controlling the pore size of the material. The use

-.0f resorbable silicon is advantageous since the corrosion of 25 porous

"~ " and/ I ' b j alts i h amtd f silici id,
ehem cal i hat iraBigC e bAABERRC bt Mataral ha8 A shuchiies aft' ¢
i npl ant'  fmt exdraposiiorhauch dhat iuist snitabledforcese O ithe Arealtaént Bfbnkl ohas an

el asti c nodul us betwee 60GPa 30 and 0.1 GPa. The orthopaedic inplant
"material may 'R0R 03%?&9119&?'%9 cailiienpobin frastune; rarthrasis of tbe hip aridist i ¢
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exanpl e t he elepsin, @nbdstesparosigiman cortical bone is typically 5 between
15 and 30 GPa, whilst that of cancell ous human bone is typically between
'0.01 and 2 GPa. Mesoporous silicon, prepared from p+ wafers, having a

" porosity 18t G9%BATHIPN t8s 25bsudCNbAE Bolycrystalline silicon is resorbable

porous and/or polycrystalline silicon.

The use of resorbable porous and or polycrystalline silicon is
advantageous since it obviates the need for surgery-to remove the

15 orthopaedic implant . material. The porous and/or polycrystalline
silicon is corroded in the body during the replacement of the bone.
Porous and/or polycfystalline silicon also has a high mechanical
strength, relative to prior art resorbable polymers used as
orthopaedic implant materials, and is therefore more suitable for load

20 | bearing applications. The qorrosion properties aof porous silicon may

be tailored to those required for a particular implant by controlling the
pore size of the material.

The use of resorbabie silicon is advantageous since the corrosion of
25  porous and/or polycrystalline silicon results in the formation of silicic
acid, a chemical that has been shown to stimulate bone growth,

The orthopaedic implant material may have a structure and
composition such that it has an elastic modulus between 160GPa
30 and 0.1GPa. The orthopaedic implant material may have a structure
and composition such that it has an elastic moduius between 30GPa



20 GPa, conparable to that of cortical bone. Mesoporous silicon [Ere par ed
al

fromp+ wafers and having a porosity of greater than 90% 10 has ahl &Ch3ic ~
nodul uswofolaggseoxi nately 1GPa, conparable to that of @OTeEB01MAs24 Done. An
advant age of the use of porous silicon, In the fabrication of orthopaedic
I nplant material, is that its elastic nodulus rmay be controlled by
altering its mcrostructure and porosity. Indeed the Young's nodul us of
porous silicon may vary (dependlng on gts 15 structure and comnposi sion)
fromless than 2 GPa to nore than 50 GPa. Advantageously the orthopaedic
i mpl ant memedi BGPaurt her conprises a bone cenent and/or a polyner. 20
Preferably the orthopaedi c material conprises one or nore of: a
nor phogeneti c protein, .antimcrobial agent, a fluoride, a vitamin D
met abol i t epcA . R I f
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Advant ageo € ort hopaedi erial conprises trse

silicon. Mpoe @ch/mpl@qmt@lhﬁt:bhmdeﬂuy@ﬂIsmamoconmaﬂlﬁmm@rins typmallyses Si - C'
and/or Si-0O C bonding. The u derivatisation in connection with

resor babl e betwerppA&dand 30 Gﬂﬂ.aWh"ﬁ% that ofr eaa@ﬁlénus/:mmanmee. i§ because
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PCT/ GBOL/ 02R#h Aq;ce@reisnﬁawg-ﬂassémmawm%t hes 'dW@lEsltRﬁn’fUdlMUQQ‘s‘f an

ort hopaedi ¢ 1 nplant device fornmed, at” |least partly, froman orthopaedic
inpl ant 5 2 aalcwnppralshengo pvasuef aefticsl ;hﬂr;a:rwsempomasssihcmn An
ort h°paed' bropBréd SR’ h¥whferd SRy Kavihg™h pBrbsit) or §rohter thas o0%

10 has an elastic modulus of approximately 1GPa, comparable to that of .
cancellous bope. An advantage of the use of porous silicon, in the
fabrication of orthopaedic implant material, is that its elastic modulus
may be controlied by altering its microstructure and porosity. Indeed
the Young’s modulus of porous silicon may vary (depending on its

15  structure and composision) from less than 2 GPa to more than 50
GPa. ‘

Advantageously the orthopaedic implant material further comprises a
- bone cement and/or a polymer. . '

20 '
Preferably the orthopaedic material comprises one or more of: a
morphogenetic protein, an antimicrobial agent, a fluoride, a vitamin D
metabolite, calcitonin, raloxifene, oestrogen, a hormone.

25 A_dv'antageously the orthopaedic material comprises derivatised
porous silicon. More advantageously the derivatised porous silicon
comprises Si-C and/or Si-O-C bonding.

The use of derivatisation in connection with resorbable orthopaedic
30 implant is of particular value. This is because derivatisation allows
the corrosion properties of the porous silicon to be tailored to thosg



treat ment, and/ or repl acenent, and/or the repair of bone in an animal or
human patient. 10 The device nmay conprise a fixitor selected fror§ bOEr {ii
nore of. WOQi®952a nail, a screw, a plate, a staple, a tackcr/gBog#shpr, and
a fixation block. 15 Preferably the orthopaedic inplant device has a
structure and conposition such that it is suitable for the fixation of
human cortical bone fractures. Mire preferably the orthopaedic inplant
device has a structure and conposition such that it is suitable for the
treatnment of one or nore of. hip fracture, vertebral fracture, spinal
damage, 20 aeguiredaforahediamplget. and | ong bone fracturé. The, orthopaedic
_.inplant device nmay conprise a biasing neans for electrically biasing at

"l east part of the porous and/or polycrystalline silicon. The biasing neans

may conprise fiQr aedl C
-1 nmpl ant devi c@cgﬁ?ﬁjﬂﬁ% i a%%g@ahggﬁégt@%rjr%\?&itééécmlg%wer yg“'réﬂﬁ?ﬁ p&p
“has a struct Urmplant demfénmedsa@hebbtapaMy, froms i @Hmﬁaydxélmmlaﬁt\ of
soft tissue to bone. 30 Alternatl vel y the fixitor nay have a conposition

and st r ucBur éngtetialogomposingpperows and/op potygrysiatibng silsI 8 that it is
suitable for use as a prosthetic device. The porous and/or polycrystalline
“material may be arranged such that the surface of the orthopaedi c device

is at |east pRAtoMhbpaBEIL nﬁpiér@t”ﬂébﬂ:epiyﬂauae@i@y fHatPraie bsésn%y iRethe
silicon. The orthopaedic device may further conprise ani'mal and uman

bone. The or ttieatent, ardicgepigcarept, ard/antbgrrepaitiotibonelinan anlmal
or human patient.
10

The device may comprise a fixitor selected from one or more of; a

pin, a nail, a screw, a plate, a staple, a tack, an anchor, and a
fixation block. |

15 Preferably the orthopaedic implant device has a structure and
composition such that it is suitable for the fixation of human cortical
bone fractures. More breferably the orthopaedic implant device has a
structure and composition such that it is suitabie for the treatment of
one or more of: hip fracture, vertebral fracture, spinal damage,

20 craniofacia damagg, and long bone fracture. -

The orthopaedic implant device may comprise a biasing means for
electrically biasing at least part of the porous and/or polycrystalline
silicon. The biasing means may comprise a means for generating

25 current flow through the orthopaedic implant device. The biasing
means may comprise a battery.

The fixitor may has a structure and composition such that it is
suitable for fixation of soft tissue to bone.
30

Alternatively the fixitor may have a composition and structﬁre such
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bone. 10 The orthopaedi c device may' have structure and conposi

that the device substantially prevents the interposition o
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The orthopaedi c device may conprise a scaffold that 15 encourages bone

r or replacenent. The scaffold may conprise collagen. Advantageously
the orthopaedi c device conprises a m cromachi ned conponent, the structure

'repai

and conposition of said mcromachi ned 20 conponent bei ng such that

i nteracti on between the ‘orthopaedic

devi ce and surrounding tissue and
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According to a third aspect the invention provides a nethod of _ .
25 maki ng an orthopaedic inplant material conprising the steps: taking a

body of si I |1 I, i o] ] rg Wy i con or
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ani mnal bone.

met hod &f Aomithecgorousmandfn ppigerysaliing eilicon. 45952 9 maki ng an

ort hopaedi c i npl ant device conprising the steps:

30 According to a fourth aspect the invention.provides a

taking a body of porous

and/ or polycrystalline silicon, and formng at |east part of a device,

sui tabl e f Orhé forthopaedienievivedhity feRREBE coPlSE akiRpAl28RARIH h@fndiman or
"ani mal bone, fromthe porous and/or :

10

15

20

25

30

bone. The orthopaedic device may comprise autografted animal or
human bone. '

The orthopaedic device may have structure and composition such
that the device substantially prevents the interposition of adjacent
soft tissues during bone treatrﬁent. and/or, repair, and/or
replacement. The orthopaedic device may comprise a scaffold that

encourages bone repair or replacement. The scaffold may comprise
collagen.

Advantageously the orthopaedic device comprises a micromachined
component, the structure and composition of said micromachined
component being such that interaction between the o&hopaedic
device and surrounding tissue and cells is enhanced relative to use
of the device without the micromachined component.

According to a third aspect the invention provides a method of
making an orthopaedic implant material comprising the steps: taking
a body of silicon or silicon containing compound, and forming the
silicon or silicon containing compound into porous and/or
polycrystalline silicon suitable for the treatment, and/or repair, and/or
replacement of human or animal bone.

Accordiﬁg to a fourth asr;ect the invention provides a method of
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5 p‘OI ycrystalline silicon. For the purposes of this specification the term
"bi oactive substance" is a substance that, when in contact wth @§n @07 2R
or human BYY¥9L/9595% capabl e of eliciting a bond between thepspemopimgs and
the living tissue of the animal or human. 10 Al so for the purposes of this
specification the term"bioinert substance"” is a substance that, when in
contact with an aninmal or human body, is substantially not capabl e of
eliciting a bond between the substance agd the living tissue of -the aninal
or human. 15 According to a fifth aspect, the invention provides a use of

silicon for makinguan atthopaedic impiaintdeeite Eompristng thatsteps: taklhgra

. .replacenent and/or repair and/or fixation and/qQr reconstruction of ~bone.

“20 Pref er abl yPPHY i POLGUS| andiarepplierysialing siicon, ande forming eideiast
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25 The por ousregilacementayf brudearn vat | sisichaiobene, Sfron§ Othe Tﬁt@’dﬂﬁr latfi/bF ed
i nk. The

" porous siIcion&a co ris,ef'aSi-Cor a Si-OC covalent |
clystalling i

derivatised pof? N

8. conprise a carbon chain. According to a

I Xt h ' i ' . d of .30 treati d/
Tepaiting and o HERUBLSES O BeThnd G aR8 e achie: sukhtabee”

i mplanting siJ.icon jpnto_a region of an animal or human
Is capable of eliciting a bond between the substance and the living

tissue of the animal or human.

conpri sing this atsairstal€s Aha®50benlth @bnta&t Witk094 aﬁﬂé&g@g%%ﬁoﬁ%

10
Also for the purposes of this specification the term *bioinert
substance” is a substance that, when in contact with an animal or

human body, is substantially not capabie of eliciting a bond between
the substance and the living tissue of the animal or human.

15
According to a fifth aspect, the invention provides a use of silicon for
the manufacture of a medicament for the treatment and/or

replacement and/or repair and/or fixation and/or reconstruction of
bone.

20

Preferably the silicon is selected from one or:more of: bioactive
silicon, resorbable silicon, biocompatible silicon, porous silicon,
polycrystalline silicon, amorphous silicon, and bulk crystalline silicon.

25 The porous silicon may be derivatised porous silicon. The derivatised

porous silcion may comprise a Si-C or a Si-O-C covalent link. The
derivatised porous silicon may comprise a carbon chain.

According to a sixth aspect the the invention provides a method of

30 treating and/or repairing and/or replacing and/or. fixing and/or
reconstructing bone comprising the steps:



requiring treatnment and/or replacenent and/or repair and/or reconstruction
and /or fixation of bone; and 5 (b) allowi ng bone to grow onto at (JepfY 004 *
part ofW@BEHIWS2face of the silicon. The silicon nmay be PEIIGROIEY2H om one

or nore of: bioactive silicon, resorbable silicon, bioconpatible silicon,
porous silicon, 10 polycrystalline silicon, anDrphous silicon, and bul k
crystalline silicon. The porous silicon may be derivatised porous silicon.
The derivatised porous silcion nmay conprise a Si-C bond or a Si-OC

covalent link. The derivatised porous silicon nmay conprise a carbon chain.
15 Step (b) may be performed prior to step (a) Accordlng to a seventh

"ot aci ng. 4l Goplattfd SRS Regoh Btk oL Af adl drohyb R HodR. " -

steps: (a) [gHligRgl NGeatmibhon drﬂil@ra r'é%éém@htaﬂar@d‘lbﬁfw reg:ramum@l@pdy to
assist with treatient and/or repl acenent and/or repair an

reconstructm%wwﬂsﬁdﬂﬁﬁh1ﬂnddﬂrﬁwa@ﬂnb@hbﬁnahanQS (b) allomﬁng the silicon to
resorb. _The con be ,sel ected from,one, or bl.oacti,vg silicon,
Fesor ba 6 &)1 PUGHING toh 18T o St 3518886 A & Hie SHMETE e al | | ne
silicon, angyiphpus silicon, bulk crystalline silicon, and 30 porous

anmorphous silicon. |I' 01 OCT 2004 WO 01/95952 PCT/ GB01102524 11 The
porous silicon may be derivatised porous silicon. The derivatised porous

silcion may. i se bgnd, or .a Si - O C coval en The
Gor i vati sorTRerSlicos; fash RS SESEH i ane b Biote:arbioactive siicon,
resorbable  silicon, biocompatible silicon, porous silicon,
10 polycrystalline silicon, amorphous silicon, and bulk crystalline silicon.

The porous silicon may be derivatised porous silicon. The dgfivatised
porous silcion may comprise a Si-C bond or a Si-O-C covalent link.
The derivatised porous silicon may comprise a carbon chain.

15 )

Step (b) may be performed prior to step (a)

According to a seventh aspect the invention provides a methdd of

treating and/or repairing and/or replacing and/or t"xing and/or
20 reconstructmg bone comprising the steps:

(a) implanting silicon into a region of an animal or human body to
assist with treatment and/or replacement and/or repair and/or
reconstruction and /or fixation of bone; and

25 (b) allowing the silicon to resorb.

The silicon may be selected from one or more of: bioactive silicon,
resorbable silicon, biocompatible silicon, porous silicon,

polycrystaliline silicon, amaoarphous silicon, bulk crystaltine silicon, and
30 porous amorphous silicon.




5 S'fep (b) may be performed prior to step (a) According to an ei ghﬁh ﬁ%ﬁt
* the invention provides a silicon channel and/or cavity structure 10 0
conpri si n§¥@P19588k6t one silicon channel and/or cavity, thpceigrainiseast one
of the-silicon channels 10 and/or cavities being at |east partially fornmed
fromsilicon; characterised in that the silicon has a structure and
conposition such that at |east part of the internal surfaceé of the or at
| east one of the channels and/or cavitigg is bioactive. 15 Al theugh
bi oactive forns of'silicon have beer( discovered, these prior art silicon
structures haVBeg@rousesilicooumaythe denivatisedi paraLis/silicoan Thehgervatised nal

“Si11 con el or BSOS SHGKIR PR CORITIRG & St MR 5509 $rOrG comipnt VK. o
deposi tion of TRedervaRséd pdroad snIrHHrFﬁ{aMEoH?ﬁ'Fseggr%%BP #ﬁﬁ” |'S

- :bi oactive, occurred on the external surtace p 5 found to
have occurred on the internal surfaces of the pores. The absence of

" deposi tion. w {hi e pores of orous silicon is described in Adv. Mater.
8(10) p 8 Eiég g y 58 ﬁ%@°§ﬁﬁﬂdﬁﬂprsm$%(%l ch defines at |east part

~of the or at least one of the channels and/or cavities may itself be
bi oactive. The silicon surface which defines at |east part of the or at

| east one of Alo'eord:lhgnrtel amreighth casrpéd:tGShéBYnV@ﬁ'!ﬂ@ﬁ FE gbkViat %iliddn any
subst ance that @ﬁ ng 3 fines the or at |east one of annel s and/ or

cavities. 30 BP Qe Cavity: strapdure neomiprisimg caanhaﬂsi one/ Giliegyi ti es
has a 01 9%%5 0 25 4 12 gest cro s sectional
di mensi on bet s\ﬁg?ﬂ?b%pd%agn @ nﬁg % é‘l G gﬂ?ologt &!@e syicon °I anselsne of
‘ the channH) s and/am cavuttelsesbb aat | 3686t p§ S al me,
bet ween 100 pn]_‘and 1000 mg Pttty 6irhed fréi;‘n &ﬁbBH
c aracterlsed in that the silicon has a structure and composntlon such

that at Ieast part of the internal surface of the or at least one of the
channels and/or cavities is bioactive.

15  Although bicactive forms of silicon have beer discbvered these prior
art silicon structures have only been found to exhibit bioactivity on
their external surfaces. For example, experiments have been
conducted in which porous silicon wafers have been immersed in
simulated body fluid (SBF). While deposition of hydroxyapatite,

20 indicating that porous silicon is bioactive, occurred on the external
surface, no deposition was found to have occurred on the internal
surfaces of the pores. The absence of deposition within the p'orfas of
peorous silicon is described in Adv. Mater. 8(10) p 847-849 (1996).

25  The silicon surface which defines at least part of the or at least one
of the channels and/or cavities may itself be bioactive. The silicon
surface which defines at least part of the or at least one of the
channels and/or cavities may induce bioactiirity in any substance that
partly defines the or at least one of the channels and/or cavities.

30

Preferably the or at least one of the channels and/or cavities has a



nore preferably the or at | east one of the channels and/or cavitieﬁ 5 ;@@ts
a | argest cross-sectional dinension between 100 and 250 pm The or JthT -
one of WA&L8Wahnel s and/or cavities may have an aver ag@C3YEBY/02%24tT onal

area between 10 000 pnt and 900 nmm2. The or. at |east one of the channels
and/or cavities may have an average 10 cross-sectional area between 10 000
pn2 and 106 pn2. The or at |east one of the channels- and/or cavities my
have an average. cross-sectional area hgtween 10 000 and 62 500 pnt.

Advant ageously the channel and/or cavity nmay have a |length greater 15 than
200 mi cr ondargastecradsaseclipnalsdinensiooHeetredemifioun andt30 mmy Meke a

| engt h greater. than mm1.t. shoul d b oted that th ores.formed in .
borous o1 | ETeratlYdTRuPT aheast e 88 ihanchanasls, BARIETFEVHESRES @ ot chi ng
and/ or anodi ' - ersi ' I I Crons.
The- si li coﬂhgﬁétg@e’o stshgfgc@?ln@s at Fg;lz?ﬂv%baér?qua pﬁgaégﬁactmq Eg%'tﬁggne of .-
t he channel moasadgireferahiyt thes onmt least ome bff thenchiaenels mndéopfcavitiéact i ve ™

silicon, resorbable sjlicon, bjoconpatible siljcon, r ou silicon, -

ool yerySt ol 1458 GropsbRIossTseelional Qmensin astvam 400 983 250 HEV o 1| con.
For applications such as the treatnent of human or ani mal bones, the )
growm h of bone into the structure nay be desirable, for exanple 30 channels

and/ or caviThesonmat lemsinpheyefl the nthhanhélsh ahldéob wawittes) mgy dvave fan he
internal surface of each channel and/or cavity is 4, 01 20

OCT 200 WO
01/ 95952 PCHYREAGE ORS5rsestona| aia PelveeRctd GO And ﬁ@own@.iﬁy% the
structure ngy ;PfaadGREGORE chBhn&IPARKFPEAGIHITY ¥y Ral YR Q06rside ©f

t he
10 cross-sectional area between 10 000 pm? and 10° pm® The or at
least one of the channels and/or cavities may have an average
cross-sectional area between 10 000 and 62 500 umz.
Advantageously the channel and/or cavity may have a length greater

15 than 200 microns. More advantageousiy the channel and/or cavity
may have a length greater than 1 mm.

It should be noted that the pores formed in porous silicon, in other
words silicon that is obtainable by stain etching and/or anodisation,
20 have dimensions in the range 1.5 nm to 15 microns. |

The silicon surface that defines at least part of the or at least one of
the channels and/or cavities may be formed from one or more of:
bicactive silicon, resorbable silicon, biocompatible sificon, porous

25 silicon, polycrystalline silicon, amorphous silicon, and bulk crystalline
silicon. ' '

Fdr applicatiéns such as the {reatment of human or animal bones,
the growth of bone into the structure may be desirable, for example
30 channels and/or cavities may be employed, into which the bone can
grow. % the internal surface of each channel and/or cavity is



strlicture to the ot her t hrough a channel that protects the space .ltﬁéf'lﬂﬂt
the channel fromingrowh by surrounding soft tissue. In a5 further
exanpl.e awommsesz may be in the formof a slit in the surfpeperefnlshe
structure, into which bone may grow to assist bonding of the bone to the
structure. Channels forned in the interior of the silicon structure or in
the surface of the structure nay be interconnected to facilitate growth of
the bone into the structure and/or bondi ﬂs of the - 10 bone to the
structure. Preferably the silicon structure has a shape and conposition

such that itpjoactye! afHeén fooWﬁ‘? 66 theSAdn&! thtborthBORerUdiud OMfdy: B& The
silicon structure may have a shape and conposition such that it 1i's

-suitable for eseowsaget Gornexamgle hopenmayngrow fromscorey, sideplaft the a
staple, a tack, anchor, and a fixation b]ock. Preferably the silicon
ohannel ands crtreBhirdy i e 2R tbraibho: ChAnKe! Fh8hD aNsuiRe SERAES

-whi ch further rshs,e nar agd : f | ' i h hlicon
- channel and/ owﬁggm\t/)itpé S%p?ag?bf@bﬁlgl\ﬁ e Br?e?gﬁdyr{aﬁ%&bﬁgqéér% 'hﬁ?jzf%‘/i ce
conpri ses 5a nhattsef exampléa chaancbinesy be it thedstmpsfra shit inlthessurfaoa from

which the strugcture . is at |egst rtly formed. 25 Advaptageously the
silicon chann@faﬁﬁcﬁtﬂl‘cwé%i i"ﬂos‘ﬂ’hﬂ’j'l &Pr”é'ecmﬂif ey fcmass@égioraﬂiagesaf dheal

openi ng fornmed.ihA 4 St I (o] 1Y
channel's. ands 2Ph8 ot Fré StRicHEke JEHARFRIS Kol ln (R fterldoP Ife SiIEOR

bi oactive i ntstrostursuof &eehéssurteed ed the strdefire wiay3be dhtdreafhedfedriter ons,
fromthe or one of the external openings. Yet nore advantageously at | east

part of said fAdiiate\arawihephthe haneiioothe struchusuang/aribesdsr of the

PCT/ GBO1/ {3252 = ' ed at a depth of at |east 100 m crons, from
t he or onlfabzof 6?98 ththe §tr|.|8&ﬁ'%.

Preferably the silicon structure has a shape and composition such
that it is suitable for use as a scaffold for bone in-g'rowth.

15 The silicon structure may have a shape and composition such that it
is suitable for use as one or more of: a pin, a nall, a screw,.a plate, a
staple, a tack, an anchor, and a fixation block.

Preferably the silicon channel and/or cavity structure forms part of a
20 bone growth device which further comprises a biasing means for
applying a bias to the silicon channel and/or cavity structure. More
preferably the bone growth device comprises a means for applying a

bias to at least part of the silicon from which the structure is at least
partly formed.

25

Advantageously the silicon channel and/or cavity structure comprises
at least one external opening formed in its external surface by the or
more than one of the channels and/or cavities. More advantageously
at least part of said bioactive internal surface is located at a depth of
30 at least 10 microns, from the or one of the external openings. Yet
more advantageou-sly at least part of said bioactive internal surface



ext ernal openings. According to a ninth aspect, the invention provides d

use of a silicon 5 channel and/or cavity structure for the manuf acl LOET 4 -
a nedi cANRIIPE the treatnment and/or repair and/ or repl REBIGRINLO0284I/ OF
reconstruction and/or fixation of bone in an animal or human subject, the
channel and/or cavity structure conprising at |east one silicon channel
and/or cavity, the or at |east one of the silicon channels 10 and/or
cavities being' at least partially formkdl fromsilicon; characterised in

that the silicon has a structure and conposition such  that at.| t part
of i nternal islosaied of a depth ofiat East UibrYerats TORLHHBIY QRRIFEINEAY: (i es

I s bioactive, (ol ' to a tenth aspect the invention provides a .
met hod of t%%ﬁ'@go‘gé}@bgg repai ring and/ or replacing and/or fixing and/or
reconstructing bone conprising the steps: (a) inplanting a silicon channel

and/or cavity structure into a region 20 of an anjnmal or hunman bady -
requiring trAecarding 4ad ainthepspechthr inyentieon pspvidesaadiss of & slEONuct i on

t 1 east Sonenatetant/eEcavif sEIGRRE' el I maFtaging d1 € xabBisRINESE 7o’
channel s angppr thgavitiddiméift Nandiod eaepaiar hhaldry fepREndmtm anbyson; and

25 (b) allowing bone to grow into at |east part of the-or at |east one of
t he silicon recanstiuctiondaod/arafixatiens of woane im anhanimali gonunfarosubjeicdh t he

or at |east ,one Bf t??;]e channel s . and/or cavities is aLII eagt&npa'rtli ally
formed, has BesEPABNG ANG{QT FRIBSIUGIE COMPIRG; aklepst ane, $icon
i nternal sur&aeendf f ltR@s ft haReekgicand | ities
i s bioacti ve(',t' t he@egﬁogf%Q&g% %O%Ii}%%%SgﬁSC% ?5%%1%0?%946'%%“6%/
10 and/or cavities being at least partially formed from silicon;
characterised in that the silicon has a structure and composition such

that at least part of internal surface of the or at least one of the
channels and/or cavities is bioactive.

15 According to a tenth aspect the invention provides a method of
treating and/or repairing and/or replacing and/or fixing and/or
reconstructing bone comprising the steps:

(a) implanting a silicon channel and/or cavity structure into a region

20 of an animal or human body requiring treatment and/or replacement
and/or repair and/or reconstruction and /or fixation of bone, the |
channel and/or cavity structure comprising at least one  silicon
channe! and/or cavity, the or at least one of the channels and/or
cavities being at least partially formed from silicon; and

25 (b) allowing bone to grow into at least part of the or at least one of
the silicon channeis and/or cavities;

wherein the silicon, from which the or at least one of the channels
andfor cavities is at least partially formed, has a structure and
30 composition such that at least part of internal surface of the or at
_Ieast one of the channels and/or cavities is bioactive, thereby



facflitating the growth of bone into the or at |east one of the chabhhdICS 200t
and/or cavities. Step (b) may precede step (a). 5 According to an el eventh
aspect thwQ01ssps2i on provides a silicon conposite materi ai,c-p,gggm,%'wg
silicon-and a carrier material, the carrier material and silicon belng

arranged in such a manner that at |east part of the silicon is in contact
with at | east part of the carrier 10 material, characterised in that the

silicon and carrier naterial have, a stgycture and conposition -such that
at | east part of the silicon induces bioactivity in at |east part of the
carrier mat efasliitafngftheagrowthhef bbhiedato tise $¢latdbadt bhedPiire ehafReRs of
. .bioactive 15 sjilicon, resorbable silicon, bioconpatible silicon, porous
“silicon, pol V/ef &aVItiRS.si|icon, amorphous silicon, and bulk crystalline
silicon. The -carrier material may have a structure and conposition such

.«that it is resorbable. 20 Many such materials are bioinert, in other words
~ “they do not Bt mblyepwcg@ehs{gp @rje and so are relatively unsuitable

- for use' as an orthopaedic inplant nmaterial. However such materials may
have properties, such as nmechanical and resorption properties, which 25

woul d, were i for.their |lack,of biogctivit uld be of val ye for
the treat mntA%%éﬁgr@pﬁLe%H?nghoq%qe eb?ﬁ r'ngﬁﬂﬁgp PERYIASS! écﬁﬂtﬁ?n
and/ or fi xat icompbsitengmatehigy i [ akyi | f Skl di G0

i nduce bi oact i_vij:pysi n sgach b?g{xﬂ@?{ rlra g@pg@ \%&hglg gg*ﬁ%ﬁa@?%ﬂé%ﬂgﬁ%)or
ort hopaedi ¢ dpTieE anateral 3od siicenrbeing amanged| innmeycls @mpnaseerathatr gani ¢

.corrpound. Theegdf Hat of theClinéd8%is g%/n?aSC%Sv%itﬁgtl I%aé%lt/gazr?zélf the carrier
10 material, characterised in that the silicon and carrier material have.a
structure and composition ‘such that at least part of the silicon:

induces bioagtivity in at least part of the carrier materjal.

Preferably the silicon is selected from one or more of: bioactive
15  silicon, resorbable silicon, biocompatible silicon, porous silicon,
polycrystailine silicon, amorphous silicon, and bulk crystalline silicon.

The carrier material may have a structure and composition such that
it is resorbabile.

20

Many such materials are bioinert, in other words they do not promote
the growth of bone and so are relatively unsuitable for use as an
otfthopaedic implant material. However such materials may have
properties, such as mechanical and resorption properties, which
25 would, were it not for their lack of bioactivity, would be of value for
the jreatment and/or replacement éndlor repair and/or reconstruction
and/or fixation of bone. Therefore the potential ability of silicon to

induce bioactivity in such bioinert materials would be advantageous
for orthopaedic applications.
30

The carrier material may comprise an organic compound. The carrier



16 material may conprise a polymer. The carrier material may conmpiisgCT 20l
plastic material. The carrier material may conprise a material that is

bi 0i nerWO 0XA85¢arrier material may conprise a material, RITIEBONGISH ~ bul k
crystalline silicon, that is bioinert. 5 The silicon conposite material may
format |east part of an orthopaedic inplant material. The silicon
conposite material may format |east part of- a bone cenent. 10 The or at

| east one of the particles has a | argesg di nension between 100 nmand 1
mm Preferably the or at |east -one of the particles has a | argest

di mensi on- matasialhaaylcempriver @ poipmeraiding cawiasr materishmayaemirisene
particles 15 has.a | est -di nension | ess th A ing to. -
an twel fth %QE%@%C m%{qq-fﬂjemegjﬁ?m%{v _ gngf E?‘ﬂf %g&ﬂé%%%ﬁﬁtgrﬁgﬁgéfal ‘
conpri si ng jgidibfAtt aThercaridr RlatBABFMA cofiiSrisE & M&terim! Btheéy thti
silicon being arranged in such a manner that ‘at 20 | east part of the
silicon is bulkarpstaltineigilicen, thedds bieinerof the carrier material,

characterised in that the silicon and carrier material have a structure
and -coéposition such that at |east part of 'the' silicon- induces

bi oacti vit yry ; S : I rigl . A ' 0o a-
twel fth as@i‘f ?Hg&cﬁﬁvgﬂﬁﬁ{%&%ﬁ Olff/l:% %‘gélbiﬂgggt ?@gﬁpoa;‘odggggng‘réglg%ﬁ;%sq i con.

" Anor phous esithopasdimyinipapbrmatdrigid Diye ssiicoar dotgudsiteunateffalr mayxanpl e
anor phous sj.l i con may porosified by anodisation in 30 aqueous or ethanolic
HF, or it ni@fmpat I:ﬁﬁ%s(g?‘itéﬁ FHPOBEAIMERENi ng. 01 0 CT 2001 WO 01195952

PCT/ G(B01/ 02524 17 Preferably the bioactive porous anorphous silicon has a
porosity

10 The or at least one of the particles has a largest dimension between
100 nm and 1 mm.

Preferably the or at least one of the particles has a largest dimension
less than 1 mm. More preferably the or at least one of the particles
15 has a largest dimension less than 100 microns.

_According to an twelfth aspect the invention provides a silicon
composite material comprising silicon and a carrier matérial, the
carrier material and silicon being arranged in such a manner that at

20 least part of the silicon is in contact with at least part of the carrier
material, characterised in that the silicon and carrier material have a
structure and .composition such that at least part of the silicon
induces bioactivity in at ieast part of the carrier material.

25 According to a twelfth aspect the invention provides bioactive porous
amorphous silicon.

‘Amorphous silicon may be porosified by standard techniques. For
example amorphous silicon may porosified by anodisation in
30 aqueous or ethanolic HF, or it may be porosified by stain etching.



between 1% and 90% MNore preferably the bioactiove porous anorphous
silicon has a.porosity between 10% and 70% 5 A silicon structure 010CT 2004
conpri si nYM#IARLI2 ve porous anor phous silicon. Advant ageoupgyciggfiosshd i CON
structure conprises bioactive porous anorphous silicon and one or nore of:
titanium and stainless' steel. 10. Preferably the porous anorphous silicon
fornms at (east part of an' orthopaedic inplant - material. Advantageously
the porous anorphous silicon forns part of7 an orthopaedic inplant device.
15 The orthopaedi c i nplant device nmay conprise porous anorphous silicon
and a ' et al . Pref@erablhdpge bicactive qrarodev acerphpusosilicare hawra yroragityphous
. .Ssilicon and ahi rt teria Th orous , anor phous silicon may be

" bi oact i ve. ThBQB’g%%ﬁs 1a°ﬁﬁ§ﬁﬂd)uéo%'l TMBFP pEEfREgbWo rtheatbicagtioveaporeest he -
surface of thgnpfyrbheRaesllicol t Qr [2) i 5~b/pl ant s may
~conprise bioi nertbmat erigﬂglgghmﬁg %%ﬁsi'?a%%%égﬂgt/g%ﬁﬁegg /°§t eel . The use

- of orthopaedic inplants conprising porous anorphous silicon may be of
“value for the 2$.§reaﬁnqa& or recanstructign of bone since it is a
relativel y stfalBiPn SHIGHIE qomegsing eioactive Rprouseamespberalsilican.h

anor phous silicon. Porosification of the anorphous silicon forned at the
surface of the inplant may confer bioactivity to the inplant, allowing to

bond with- boAdventag@eusly \theg silicoruestrdétube Cepeiptisds Bio@&i&%i?ﬁbgg gspeCt
the invention rov'hdes gl?r ous 0.1 OT 2004 WD 01195952 PCT/ GBOL " B34 -
18 anor phoBPUPPOUSSHIGPN A 98e0mmeratalt tilaniupy andhetainlessssteehf t hi s
specification a biomaterial is here defined as

10. Preferably the porous amorphous silicon forms at {east part of an

orthopaedic implant material,

Advantageously the porous amorphous sil'icon‘ forms part of an
orthopaedic implant device.
15

The orthopaedic implant device may comprise porous amorphous

silicon and a ‘metal. The orthopaedic implant device may comprise

porous amorphous silicon and a bicinert material. The porous

amorphous silicon may be bioactive. The porous amorphous silicon
20 may form at least part of the surface of the orthopaedic implant,

Prior art orthopaedic implants may comprise bioinert materials such
as ftitanium or stainless steel. The use of orthopaedic implants
comprising porous amorphous silicon may be of value for the
25 treatment or reconstruction of bone since it is a relatively straight
forward to coat metals and other materials with amorphous silicon.
Porosification of the amorphous silicon formed at the surface of the

impiant may confer bioactivity to the implant, allowing to bond with
bone or other living tissue.

30

According to a thirteenth aspect the invention provides porous



a non-living material suitable for use in or on the surface of a Ii\ﬂiﬁ@fﬁﬂw‘
human or animal body. It is intended to interact with the biol ogical

envi r onWBM95%20o which it is introduced. Such biomat er i BFHGBeMO22 " bf o
-inert, bioactive or resorbable, depending on their interaction with the
living tissue of the human or animal body. 10 According to a fourteenth
aspect the invention provides a use of porous anorphous silicon for the
manuf acture of a nmedi canent for the tt&atnent and/or repl acenent and/or
repair "and/ or replacepent _and /or fjxation, of bone. 15 According to a
fifteenth aspphoufesilicemfardseasa pkamatefalhod of treating and/ or
repairing and/ or replacing and/or fixing and/or reconstructing bone :
conprising the steps: (a) inplanting porous anorphous silicon into a region

of -an ani meorahe P@rpusBE ob kY Ssbification b bidimaterialng/hurerdgfidegaent
and/ or repair and/or replacenent and for fixation of bone; and (b) fixing: .

t he por ous @anendiving mategsh suitable ferayseparer en thee'susiageceh a tivingone. 25 *

por ous. amorieed & Rl BERFL AL R uEEERY 87 lerect S ehe HBGgigar
" bi oconpat idpverdrhght dhio iwhigh AEkEItRIdUdRY. | Subh BivthaRirars awiepeabl e for
specific applications. 30 According to a 'seventeenth aspect the invention

provi des a higdneft, bioactve ar4readrbab s abep eradihgam /thefinenastion withon f or

t he manuf agture.of .a nedigcgment for determ nin by X-ray radiography, the
progr ess o&h?rlﬁ’é'?%'rﬁs%af&e ?1&';5‘%@’? o Afigal brc’é&'acernent and/ or

reconstruction and/or fixation of bone by X-ray.

10 According to a fourteenth aspect the invention provides a use of
porous amorphous silicon for the manufacture of a medicament for

the treatment and/or replacement and/or repair and/or replacement
and /or fixation of bone.

15 Accbrding to a fifteenth aspect the invention provides a method of

treating and/or repairing and/or replacing and/or fixing and/or
reconstructing bone comprising the steps:

(a) implanting porous amorphous silicon into a region of an animal or
20 human body requiring treatment and/or replacement and/or repair
and/or replacement and /or fixation of bone; and

(b) fixing the porous amorphous silicon or at least part of the silicon
to bone.

25 According to a sixteenth aspect the invention provides biocompatible
porous amorphous silicon.

For the purposes of this specification a “biocompatible material” is a

material that is biologically acceptable for specific applications.
30 '

Accordihg to a seventeenth aspect the invention provides a use of



T

5 P'referably the silicon is selected fromone or nore of: bi oactive[” 0CT 2004
silicon, resorbable silicon, bioconpatible silicon, porous silicon,

pol ycryst WO 185952 | i con, anor phous silicon, and bul k crystﬁbi./i;%glasp con.
Accordi-ng to an eighteenth aspect the invention provides a net ocf 0 10
nonitoring the treatnent and/or repair and/or replacenent and/or fixation
and/ or reconstruction of bone, conprising the steps: '(a) inplanting
silicon into a region of an animal or huggn body requiring treatnent

and/ or replacenent ‘and/ or repair and/or 5 replacenment and /or fixation of

bone; and (b)sibieoh doniing naanufactyre efiadhedicahemtdby geserdhintid, by XU of

%b
..animal or hur;an.. Prefe‘r@bly the silicon is selected from one oi nore of:
" bi oactive 2025499

ST T AR oAb b

@Rhy. r dbsr bRmgress| i @fontragtownipaandiar sigpaionangdéoous

"silicon my be of value in nonitoring the repair of bone. As the silicon

- 25 resorb3 a;}gmi{s regl aced hy bone, so its X-ray inmage becones
el

pr og_rgssi peably; the silicen disngei&ﬁtsrinﬁmneeﬁmsp?e bfie bigwurstivg on )
provi des resq; e anpr.phous, si |l i con,, cording to a twentiet
aspect the i ggvlgt?]?i bnre%%gﬁglees nghggﬁsebigpqmpﬁfip&%'ﬁc@ﬂs dreropspcjlicon,

PCT/ GBO1/ 0252#61y2fystabineusiliaon! Uk 0 ureqof a

medi canment f(iﬁbyt%’e treat maint aﬁ%?hf’gg‘aﬁﬁegﬁa?’ggﬁ%'pﬁ da'@éﬁéwégﬂg?o&'

fixation and/or reconstruction of bone. 5 Wilst many countries do not,

yet, permt thgRafifd th"h 8lgHTBLARI SsBhet the invention provides a method of

10 monitoring the treatment and/or repair and/or replacement and/or
fixation and/or reconstruction of bone, comprising the steps:

‘(a) implanting silicon into a region of an animal or human body
requiring treatment and/or replacement and/or repair and/or
15  replacement and /or fixation of bone; and

(b) performing an X-ray radiological analysis of said region of animal
or human.

Preferably the silicon is selected from one or more of: bicactive
20  silicon, resorbable silicon, biocompatible silicon, porous silicon,
potycrystalline silicon, amorphous silicon, and bulk crystalline silicon.

The X-ray opacity of silicon, and particularly of resorbable silicon
may be of value in monitoring the repair of bone. As the silicon

25 resorbs and is replaced by bone, so its X-ray image becomes
progressively more faint.

According to a nineteenth aspect the invention provides resorbable
porous amorphous:silicon. |
30

According to a twentieth aspect the invention provides the use of



treatnment of the human or ani mal body by surgery or therapy, there Uadg# ol
sone (e.g. USA) who do. In order for there to be no doubt about the '@ ’
ConvenWOALYPDrity entitlenent to such an invention i nPCITHeBMAZR4NTri es
that do permt it, the invention also conprises the 10 treatnent,

t herapeutic or prophylactic, of a human or animal body by inplanting an
orthopaedic "inplant material and allowi ng the orthopaedic inplant
material to treat, and/or repair, and/my replace bone in the animl or

human. 15 Enbodi nents of the invention will now be descrl bedmg/ V\?
exanpl e, wpbrousfamenpkous silicomdosthbanynanyfactkuengt a medigagent %ure Ia

conpri oi ngtie Seeatept Aagis TanAy aY a”re"pté@%ﬁtﬁ&ﬁt%#o‘r&@tt@dt“% fows an-
SEM i mage g% ﬂfﬁbﬁe’ﬂ‘ﬁt dure; Figure 1 c shows an SEMinmage of a first
pr ot ot ype a accor ng to the invention; Figure 1d shows an

magni fi ed SEM i nage of part of the first 25 prototype scaffold shown in
figure 1c;

urelesho SEM i mage of thefl ro e fold,

to whiZh &Vbﬂshm!&y §P!a!§ gapfﬁ%uygz eﬁpmﬁ the P% EP%QE g‘ﬁ Hls 4, after

It has bee h 30

Figure If 3%@3@&*}? Eéhﬁﬁr?@ﬁébg taﬁebzgq{rp rg%srﬁir'?éarég g?t%‘\%\ I n

figure 1 earBlsding fe. QOGHSA) WO ad/ %QﬁﬂeP(ﬁﬂ tsle feh24naldoubtgabeutl g

shows an EDX plot for the hydroxyapatite coated surface of, the structure
shown in fither Paris; Cangentéon RreH nitlpent 10 | afy igventiogon
structure, tﬁ]ogs%rcountrles that do permit it, the invention also comprises the
10 treatment, therapeutic or prophylactic, of a human or animal body by
implanting an orthopaedic 'implant material and allowing the
orthopaedic implant material to treat, and/or repair, and/or replace

bone in the animal or human.

15 Embodiments of the invention will now be described by way. of
example, with reference to the accompanying drawings, in which:

Figure 1a shows a schematic diagram of part of an orthopaedic
implant device, comprising a scaffold, according to the
20 invention; '
Figure 1b shows an SEM image of a silicon structure;
Figure 1c shows an SEM image of a first prototype scaffoid
' according to the invention,
Figure 1d shows an magnified SEM .image of part of the first
25 prototype scaffold shown in figure 1c;

Figure 1e shows an SEM image of the first prototype scaffold, to
which a cathodic bias of approximately 5 volts -has been
applied, after it has been immersed in SBF for a period of
approximately 10 hours; ‘

30 Figure 1f shows a magnified SEM image of the scaffold surface
shown in figure 1e;



i mersion in SBF; 5 Fi gure 1 i shows an SEM i nage of part of the streq[Hﬁ%m
shown in figure 1 h after the structure has been i mrersed i n SBF; I gure

2a shows WOJumesRt i c di agram of an orthopaedic inplant nmatgfiaRopessy di ng
to the-invention, conprising bone cenent; 10 Figure 2b(i) and (i1) -show
SEM i mages of the surfaces of an orthopaedic inplant material, conprising
a porous silicon powder and a bioinert resorbable polynmer, that has been
i mersed in sinulated human body fluid fgy two weeks; Figure 2c shows an

EDX plot' for the bioinert resorbable polyner 15 fromwhich the figure 2b

i mpl ant mat erfFigiuredty f shows;an BERXrslofdos theshydrokPXpatitd coated sarfagd ant
.material shown in figure 2b; Figure 3 shows a ' schematic diagram of an

"“orthopaedi c inplant ~ @ethestrughifershowp in figune: 8, according to the

i nvention; 20=&j QI8 4 S ti, | ag of_. or i c_jnpl ant

. -devi ce, acco?ﬁillglr?gatﬁqt @g‘ﬁgﬁgﬁt i% ui"ﬁ?ﬁee ‘%@%sﬁf'ﬁg’ﬂn #ﬁ@&gﬁ' Fﬁ"ggfe 5
'shows a schematic di agimmepéionninogBFepaedi ¢ i nplant device, according to
"the invention, suitable for treatnent 25 of crani ofacial danmmge; Figure 6

shows an X r dyigugi tgr shewsnani BEM rimage @fppadnof ghepsiructireoshawsi in con
di sc; Figure 7 shows - | Qgr a how ng.the absorption operties
of a conposite nateri :ﬂg@%ﬁiﬁﬁg@ BﬁBPﬁgﬁ%agéﬁkwmg@w r and
porous silicopigurst2£| showki guseh8nfdtRy\diagraraMofnage ﬂ%g%a%@l'iﬂ)liﬁﬂént

anor phous silicon 01 OCT 2001, WO 01/95952" PCT/ GBOL1025
material according to the invention, comprising bone

cement; .

10 Figure 2b()) and (i) show SEM images of the surfaces of an
orthopaedic implant material, comprising a porous silicon
powder and a bioinert resorbable polymer, that has been
immersed in simulated human body fiuid for two weeké;

Figure 2¢ shows an EDX plot for the bioinert resorbable polymer

15 from which the figure 2b implant material was formed:

Figure 2d shows an EDX plot for the implant material shown in
figure 2b; ' o

Figure 3 shows a ‘schematic diagram of an 'orthbpaedic implant
device, comprising a fixitor, according to the invention:

20 Figure4 shows a schematic diagram of an orthopaedic implant
device, according to the invention, suitable for spinal
fusion; '

Figure 5 shows a schematic diagram of an orthopaedic implant
device, according to the invention, suitable for treatment

25 of craniofacial damage;

Figure 6 shows an X-ray radiograph showing the absorption
properties of a silicon disc; |

Figure 7 shows an X-ray radiograph showing the absorption
properties of a composite material comprising a bioinert

30 resorbabie polymer and porous silicon particles;

Figure 8 shows an SEM image of a sample of amorphous silicon



22 after irmersion in simul ated body fluid (SBF) fora period of 4 gﬁ: 00
Fi gure ‘8, an SEM i mage of a sanple of porous anorphous silicon LZ .
i mer si 9(11 59§%F for a period of four weeks 5 Figure | a EnGBO¥028¢enntic

di agram of part of an orthopaedic device, generally indicated by 11,
according to the invention. The device conprises a silicon channel

structure which is a scaffold for assisting in the repair of a damaged

bone. The scaffold conprises 10 masopoZbus ~silicon -.12, having a porosity

of 60%to 90% in Whl ha mul tiplicit fornmed. The
channel s occupy e5%After ersion rﬁg‘u 5*m¥\§geg%4]yoﬁuld %%Q%ré ﬁj?epgr'fg have
diameters in the rafoe{Rfdkd:0 230 pm The scaffold has a size and shape

that approxi mates that of the missing bone to be replacéed. The scaffold 15"

may be | ocdtigdre 8 t rsm:rmg;lam SEMt ireage ssfi agsampte ©f pordus Beorpivousundi ng
bone may grow into t

channel.s 13. rowh qccurs, the nesoporous
silicon 12 corrodes Séﬁe‘l’ rt‘HH“SBﬂ@“t‘Bh%QQ fgﬁl?pP%’f'@ﬁ)Pfr éﬂb'lra\'é%ﬁf(
Al ternakively the scaffold may be used to grow a patient's bone outside
the body of the patient, the patient -then being 20 operated upon to
repl ace therigure. 1ahshewaf fosdhematie diagramavédpdnt dfkamgodhopagdic of bul k

crystalline, silicon an g,it to the desired shape. The channels 12
are then fOR¥IESs |9r?"'c°d'§ﬂyn'{)‘tSJt;I %?r&d@ ¥p arf‘&%'al%tosmﬁjb‘ﬂ‘é%@lﬂ% Thecussed

25 ion bea op t he
channel s rq‘%wgar&?rggggggn ﬁunon té}ﬂeérg}%eﬂgﬁctﬁ.ﬁéh}ggg#fﬁ% 8 Qof{”ﬁ .
di mensi ons adsistireg ahath&elrepésﬂ' ofl fze daheaged | g, Thetkmﬁohhcdnﬁﬁ’ihésﬁ an

et hanoi¢c acid HF sol uti.ogn for g 86“0(1 of 1to 100ho rs_to render
subst arf a|m959ﬁer%18él%rhf 2having gpBePEasty 96 60% to 80%, in which a

muitiplicity of channels 13 are formed. The channels occupy 65% of
the volume of the scaffold. The channels 13 have diameters in the
range190 fo 230 pm. The scaffold has a size and shape that
approximates that of the missing bone to be replaced. The scaffold
15 may be located m the region of the missing bohe so that the
surrounding bone may grow into the channels 13. As the growth
occurs the mesoporoﬁs silicon 12 corrodes allowing the bone to be
completely replaced. Alternatively the scaffold may be used to grow a
patient's bone outside the body of the patient, the patient then being
20 operated upon to replace the bone.

The scaffold may be fabricated by taking an ingot of bulk crystalline

silicon and machining it to the desired shape. The channels 12 are

then formed in the ingot by deep dry etching, sandblasting, focussed
25 ion beam machining, or microdrilling. The technique adopted to forrh
the channels will partly depend upon the size of the scaffold and on
the dimensions of the channels 13. The shaped ingot is then
anodised in an ethanoic acid HF solution for a period of 1 to 10 hours -
to render substantially the whole scaffold mesoporous. |
30 '

Figure 1b shows first prototype scaffold that comprises porous



Fi gure | b shows first prototype scaffold that conprises porous 01 O[F\Tﬂgf)ﬂ]ﬁl
WO 01/ 95952 PCT/ GB01102524 23 silicon. The first prototype scaffold

whi ch i s V0 814%98bn channel structure, was fabricated froRCT/GRODO252A si ngl e
crystal silicon which was sawn out of a section of an ingot. The cube was
then subjected to ultrasonic mcrodrilling to generate the structure shown
in figure 5 1b. To renpbve nechani cal danage due to the sawing and drilling
operations, an isotropic chem cal etch wag perfomed on the structure

shown in figure 1b (2 mnutes in 25 mM HNO3 + 5m| HF + 5nml acetic

acid). Final Igilicen) Euef ficsts pmattﬂypen@@aéﬁllﬁesw bitods & sikeen nChéﬁBﬁl ng (5

. 50 f 40% HE f 709% H
I e b ottt re s tas Fab Sl o HhaT kind B EhRE SRichliowhie? S
2.5 mm the cpaanslyd zﬂ.ffeéieé séoqrorﬁaf@ncn@mefrheieubbqﬂasrthbheslmjbeteds 0.8

.~mm Figure | d shows porous nature of he internal surface of the
" cavity shown tonuitragoriclmicasriltiegf tior genprmtly@estmurelshme inhBgure

d h f the SBF d b VWO 97/ 06
e ee W aclfs Th Tofiave Sepfdiical daange.us Eothe. sawiid aneh belibdd ; .
bi as of 5 vol S aﬁigincf{ A 596 @&?érh;é‘eﬂ t%Hrwsgtpl_ﬁfoh@asOﬁfa mntrg?gféowed

I
t hrough the over a per| od o 10e hour s ure
deposi tion of sh@@nhyldfgnyapldi (2 eniowtesdni2t minHNGyrFf Sod HF + ik acetig

shown In figure le catln%HHhat t he |nterH§I 3urface of the.Sca{f.oId S
bi oacti ve. F%\S’)e ‘f'in ' @ﬁﬁﬁi é\tP@El\f/PP §ed oMEIRPHPYFo MR pAE R e
f or med onthe of. Igir EDX
. plot taken fortdg{ellﬁgr( nﬁw'e'{%ﬁi?le );nc}gpo t%@lml gﬁﬂz H?\&?E’Pﬁ% é&
figure | eldFithe é?gl.tneﬂovﬁrs&rpmpb@tyqael scaﬁgm ofhe sidetenptbr of dhgpwlsedsf ol d,
between 1 and 2.5 mm, the channel diameter, for each channel
drilied in the cube, is 0.8 mm. Figure 1d shows the porous nature of

the internal surface of the cavity sﬁown in figure 1c.

15 The first prototype scaffold was then immersed in the meniscus of
the SBF as described in WO 97/06101 with negative elecirical bias
applied by means of a gold wire. At a cathodic bias of 5 volts, an
average electrical current of less than 6 mA flowed through the
scaffold over a period of 10 hours. Figure 1e shows the deposition of
.20 hydroxyapatite on the internal surface of the cavity shown in figure
1e, indicating that the interna! surface of the scaffold is bioactive.
Figure 1f shows a magnified SEM image of the hydroxyapatite
formed on the internal surface shown in figure 1e. Figure 1g shows

~an EDX plot taken for part of the internal surface of the channel
25 shown in figure 1e.

Figure 1h shows an opticél image of a second prototype scaffold,
which is a silicon channel -structure according to the invention. To
fabricate the second prototype scaffold square sections of sidelength
30 70 mm were sawn from standard 100 mm diameter circular wafers.
Each sduare section was converted info a comb-like structure by



which is a silicon channel structure according to the invention. To '
fabricate the second prototype scaffold square ,sections of sidel enQJﬂ IQCMW ’
70 nm weV@OYB§IR2 f r om st andard 100 nm di aneter circul ar wHCIVGB01/0ESMN squar e
section was converted into a conmb-like structure by WD 01/95952 a 1 OCT
2004 PCT/ @B01102524 - ' 24 sawing a series of parallel slits across the
section, leaving a 2 mm strip undercut at the end of each slit to act as
support. A 140 micron kerf blade with &4pitch of 1.54 nmwas used to
define the 1.4 nm w de, 2¢(54 thick and 68 nmi |gng silicon teeth. 5 A
wood pile st$WNG 8 PEIIEH Pélr:gﬂﬁi Hits Agfossntha gectienddeavied a:2iMRhess a

nunber of s S t it i ri r its .
nei ghbour s. L#ﬁg @@g?lﬁ%ﬁség{r}ge B\gﬁd@d&?‘g@e Iﬁéggaeﬁt%sgghﬁgyrgdﬁaﬁfﬂﬁhg#ﬁ)ﬂ to -
Si wafer borlcénﬁgaladehwmwasﬂitﬁy dfhe. 845 eamoivatOubed cilorgating theadeshwes such
as thin layers of cal cium phosphate. The woodpile structure may then be -
porosi fi ed BYida, dha4drmmthick and 68 mgn dengsdinomteath. t echni ques. - Figure 1i
shows the formation of hydroxyapatite on the surface of the second
prototypé scaffold as a 15 result of cathodically biasing the scaffold

under 10 mAcAN WooIpill) stridiuiesisi theBHorfriedH sy 2ag eu?#
di agram of two bone pparts 21, 22 bondedrt oge{tﬁer %ymg\éfitéstﬂ%;rt lo“p.)éz;dedi C

i Lrpl ?nt mat difigknegs ar aurrlgbezooﬁ Sldch savn Eﬁc Bnacwiﬂ‘dizelaght geiﬂgeoi'ienteﬂ i ](c)n.

- ; . 4 ) j : '

porous. oi 11 coi84oRE! &8 ine/BRBLIS.Tod saititosk Sk bopgefuodbihes gither °
particles ' 25y asenveértivnglabedobsi qnfafErSBthihgﬁteérTxﬂ}tmfé%’. Bg fsﬂﬁf fsd. bp form

| ayers of porous silicon on the wafer surfaces. e’ porou iconis
det ached0 biocompatible adhesives such as thin layers of caicium phosphate.

The woodpile structure may then be porosified by standard stain
etching or anodization techniques. Figure 1i shows the formation of
hydroxyapatite on the surface of the second prototype scaffold as a

15 result of cathodically biasing the scaffold under 10 mAcm™2 for 30
minutes in SBF.

Figure 2a shows a schematic diagram of two bone parts 21, 22
bonded together by a first orthopaedic implant material generally

20 indicated by 23 according to the invention. The first implant material
comprises a bone cement 24 and particles of porous silidon 25
dispersed in said cement 24. The porous silicon particles. 25 are
fabricated by anodisation of a number of wafers to form iayers of
porous silicon on the wafer surfaces. The porous silicon is detached,

25 ‘ultrasonically, from the wafers and the resulting powder is sieved ;co
select diameters in the range 5 to 250 um.

The sieved porous silicon particles 25 are then combihed with
calcium phosphate powder comprising 63% a~TCP (a—tricalcium
30 phosphate), 28% DCP (dicalcium phosphate), 9% hydroxyapatite.
The reéulting silicon/phosphate powder may have a silicon content



25 Ul trasoni cal | y, fromthe wafers and the resulting powder is sievgd 8O 2004
sel ect dianeters in the range 5 to 250 pm The sieved porous silicon

particl eswP@1as952t hen conbined with cal ci um phosphat e povweica@akisSi N9
63% a- TCP (a--tricalcium 30 phosphate), 28% DCP (dical ci um phosphate), 9%
hydr oxyapatite. The resulting silicon/phosphate powder may have a silicon
content 010 C T 2004 WD 01/95952 PCT/ @GO /02524 25 ranging from5%to 80%

depending on the application. The sili %’I/ phosphat e powder i s conbi ned
with a 2.5% aqueous solution of NaHPO4,”" the liquid to powder ratio being

0.32 cnB peragging ofronPoBéer to (B80S PelepeMidiag ©MTPHHd t appHcationt MEhequeous
.solution, 5 si?gljcon and phosphat e 'E)ovvders are based on FEe wei ghts of the

- conponent s i Blsondahosphate gemdest isopombined with doasd%oagueoussalutione
si li conl phos { wd resukt,s Ln th r mati.on a_Vvisscous paste that

. ~may be used %%%Hm‘é‘r ﬁ{% ﬁ@.uvit}ﬁebﬁwpte?o@',c’n%&%geé)égt EMmgPEb g[rgp]nqefhe

“required bopgwdgie e e iShk r i 230! ves
the mechani ?a!w st re%ﬁ g?%eﬁ'ga%gt g?%ﬁ%ég%d%ﬁgﬁcgggggﬁgi ﬁg’%{wrﬁhe
materi al 323 sdiaors Bodeppaspbata ,pardeds aregbesedb onhthe weighkd ofdhes of a
second orthot%aedi c_inpl ant terial. The material is a type of silicon
conposite ma armRenery "W(?llr‘f ses, orous silicon p p particles and a

polymer. The figure 2b image shows the conposite after it has been
imersed in SBF for a period of two weeks. 20 A p-type silicon wafer of

0.08 to 0. 12 Tétencombiagtioni of tlye vagu ecurs dohetion widh %thet siticonfphdspaitet i on,
el ectrolyte evap ratior‘ftom ) )
_ powder results in the formation of a viscous paste that may be used
10 to adhere the bone portions, before setting to form the required
bond. The presence of the porous silicon particles 25 improves the

mechanical strength of the material 23 and enhances bonding of the
material 23 to the bone parts 21, 22.

15 Figure 2b shows a SEM images of a second orthopaedic implant
material. The material is a type of silicon composite material and
comprises. porous silicon particles and a polymer.- The figure 2b

image shows the composite after it has been immersed in SBF for a
period of two weeks. '
20

A p-type silicon wafer of 0.08 to 0.12 ohm cm resistivity was
anodised in 20% ethanoic HF solution, electrolyte evaporation from
the pores during air drying causes thick highly pdrbus film to
fragment and partially detach from the underlying bulk substrate. The
25 wafer was inverted, tapped on its rear face, and approximatély mm
‘wide brown flakes of porous silicon collected onto underlying filter
paper. These were then ground between two smooth glass plates
into yellow porous silicon powder. 80 mg of poiycaprolactone powder,
a semicrystalline bioinert resorbable polymer, was mixed with 100
30 mg of porous silicon powder and the composite softened into a
moldable form by he‘ating it to 70 C. A 5 mm sphere was‘shaped by



bl

the pores during air drying causes thick highly porous filmto frag;qnﬂrﬁmm
and partially detach fromthe underlying bul k substrate. The 25 wafer was ’
i nvert eWOWAMAd on its rear face, and approxi mately nmmPOT/ GBS f:| akes
of porous silicon collected onto underlying filter paper. These were then
ground between two snmooth glass plates into yellow porous silicon powder.
80 ng of pol ycaprol actone powder, l'a seni crystallin e bioinert resorbable
pol ymer, was mxed with 100 30 ng of p2§ous silicon powder and the
conposite softened into a noldable formby heating it to 70 C. A5 mMn
spher e was hansheandy thep1 altyedoda ardenosby 2 sk Gaelingsal re@m hand

the second tenitspkle donERld e sBHeREr Pt rtiedit Wate ASGaTRE BickR Vbt co -
in SBF for chrigekite Wagunendpcabaved ihSBEENMr 2agesks! fighee Rirehdws
orthopaedic nmaterial after this 5 incubation. The figure 2b inmages show

growt h of Hher 8&Mpdmagesorof tthe secoade athepaegisl yneteridaaftersithiscon -
particles. .The presence aof 1 rous. splic rti h fore

Cont or r 80" HNETRBIGR: y e Nonge T el Shohn 8w by rroidBelE 8c *shovs
an EDX pl otthpoguffige RS ngwrﬁétr Qatéd WNivbh PartiBRes. SPREStesBRCaNGT
material shown 1n figure 2b i's formed after immersion in sinulated body
fluid for ththe peris sNicosn padiciesrhas thesefapaiconéetred hioadivitydodtheo onl y
car bon andﬁg%\%g& ﬁ.eaks arei resent on the plot. 15 Figure 2d shows an EDX

n

plot for t [eliei<ip¥ele) Terial after it has been i mersed in
si mul ated human body fluid for tw weeks.

10 Figure 2c shows an EDX plot for the polycaprolactone from which the
second implant material shown in figure 2b is formed after immersion
in simulated body fluid for two weeks. No siticon or hydroxyapatite is

present and so only carbon and oxygen peaks are present on the
plot.

15

Figure 2d shows an EDX plot for the second implant material after it
has been immersed in simulated human body fluid for two weeks.
The presence of silicon shows that both silicon and polymer are

present, the other peaks are indicative of the presence of hydroxy
20 apatite. h

Figure 3 shows a schematic diagram of an orthopaedic 'device
according to the invention. The device compfises a fixitor, generally
indicated by 31, formed from a resorbable polymer 32, such as

25 polylactide co glycolide (PLGA), and mesoporous silicon powder 33.
The device is suitable for fixing soft tissue to bone.

The porous sificon may be dispersed throughout the body of the
fixitor 31, The PLGA is ground in a water cooled hammer mill to
30 prodﬁce a micronised powder of the PLGA. A porous silicon powder
33 may.be formed-by anodisation, ultrasonic treatment, and sieving



The' presence of silicon shows that both silicon and polyner are present, .
" thf. other peaks are indicative of the presence of hydroxy 20 apat@1@CT 200
Fi gure 3vhol®s9s2 schenati c di agram of an orthopaedi ¢ ' deviPpCE/GBasozs24li ng to
the invention. The device conprises a fixitor, generally indicated by 31,
formed froma resorbable polyner 32, such as 25 polylactide co glycolide
(PLGA), and, nesoporous silicon powder 33. The device is suitable for -

fixing soft tissue to bone. The porous sii1icon may be dispersed ‘'t hr oughout
the body of the fixitor 31. The PLGA is ground in a water cooled hanmmer
mll to 30 pasddiseussetcabavecih pelatian é6 fabeication of honewement.cbR®powder
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surface of theethanical propprties B GAndotynfursi semivdrehccting prepsitigzeto,of a
fixitor and porous silicon particles are inbedded at pressures of 2 to 10
MPa and' tenplediXitods bet ween 60 and 90C for 20 seconds to 2 minutes. The

presence of porous silicon at the surface of the 15 fi xi tor enhances its
.bioactivity and al so confers seni conducting

10 Alternatively the porous silicon may be dispersed substantially at the
surface of the fixitor. A pure PLGA polymer is moulded to the shape
of a fixitor and porous silicon particles are imbedded at pressures of
2 1o 10 MPa and temperatures between 60 and 90C for 20 seconds
to 2 minutes. The presence of porous silicon at the surface of the

15 fixitor enhances ‘its bioactivity and also confers semiconducting
properties to its surface. '

Figure 4 shows a schematic diagram of an orthopaedic implant
device, according to the invention, suitable for spinal fusion. The
20 device comprises a cylinder 41 having a number of bone ingrowth
slots 42 and vascularization openings 43. The cylinder 41 comprises
bulk crystalline silicon and mesoporous silicon, the mesoprosous
silicon being formed on at least part of the surface of the cylinder 41.
The length of the cylinder 41 is between 20 and 30 mm and its
25 diameter is between 15 and 20 mm; the vascularisation openings 43
are approximately 6 x 7 mm and the bone ingrowth slots 42 are
between 2 and 5§ mm in diameter. The orientation of the device is

such that the bone ingrowth siots 42 face the upper and lower
vertebral ends.

30

A cylindrical ingot section, which may be p+ or n+ doped, is drilled
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1 crystalline silicon is three times higher than that of stainiess steel

wire.

1

Figure 5 shows a schematic diagram of an orthopaedic implant
device, according to the invention, suitable for treatment of
15 craniofacial damage. The device comprises an osteosynthetic plate
51, which is fixed to the damaged bone to assist repair. The plate 51
is T-shaped, has a number of holes 52 drilied in it, and has two
dimensions (corresponding to the arms and body of the T) in the
range 25 to 30 mm; the third dimension being in the range 0.1 to 0.5
20 mm. The plate is fabricated by sawing a standard silicon wafer to
form the T shape and drilling the required holes. Saw and drilling
damage is removed by an isotropic wet etch step. The isotropic etch
also results in rounding of the edges of the plate. The bulk crystalline
silicon of the wafer is then anodised in ethanoic acid HF solution,
25 either to form a layer of porous silicon at the surface of the plate 51
or to completely porosify the plate 51. (Complete porosification

opening the way for complete corrosion of the plate, partial
porosification enhancing bioactivity). |

30 Experiments were performed to determine the X-ray properties of
porous silicon. Images were recorded on polaroid film using an M
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beam ener gi ng from bglow the view ng 10 chanber, towards the fluoresecnt
%Wﬁgg‘ppi in the leg following incision with a scalpel blade.

screen above
Figure 6 shows a radiograph comparing the X-ray absorption of a

silicon disc with that of a titanium disc. Both the soft tissue, and the

15 bony structures of the leg are evident; the distinct patella of the knee

on the right hand side of the image, where the thin fibula is also

distinguished from the thicker tibia bone. Both these bones extend to

the ankie region beyond the left side of the image. The central dark

circular region above the tibia corresponds to the titanium disc; the

20 second circular image to the left of the titanium disc is that of the
silicon disc. '

Figure 7 shows an X-ray radiograph of a composite particle 71 of the
second orthopaedic implant material, the fabrication of which was
25 described earlier. The composite particle lies at one end of an
incision that extends from position .71 to position 72. The incision
forms a pale line between these two points on the radiograph. A
particle of polymer, having approximately the same size as the
composite particle 71 was placed at position 72 before the
30 radiograph was taken, and as can be seen, doés not form any image.

.The presence of the porous silicon therefore confers X-ray opacity to



enbedded in the leg following incision with a scal pel blade. Figure 6 shows
a radi ograph conparing the X-ray absorption of a silicon disc mﬁth!kh&ﬁfﬂm"
a titanMMIASEE. Both the soft tissue, and the 15 bony sPET/EBALBS26f it he

|l eg are evident; the distinct patella of the knee - on the right hand side
of the imge, where the thin fibula is also distinguished fromthe thicker
ti bia bone. Both these bones extend to the ankle region beyond the |eft
side of the image. The central dark ci3cul ar regi on above the‘tibia
corresponds, to the titaniumdisc; the 20 second circular inmage to the left

of the titallQRPEIRASII® that of the silicon disc. Figure 7 shows an X-ray

radi ograph of a conposite particle 71 of the second orthopaedic inplant .
material, the fabrication of which was 25 described earlier. The conposite -

particle |iPpgiortarnerthogaelicaimpldtssoftant bompeisecBOIBidinefm Meiat speh- 71 to
position 72. The incision forns a pale |ine between these two points on

the radi ogr 8ptstamleparsteel. cAnforfipaedic impliany agserdingrto dhe inventiane size
as the 0NMROSI t 1 I at positian 72 hefore e 30

o ogr abn MY BRHiSS SidinEssted GiEhothy8 BBt slise b Bastiye
presence of Of ! ¥ ri C e 0RACH 10CT
Dot o o1PareSt S é%%ﬁ%?&ﬁ%‘?‘?ﬁ@%@%&?ﬁ Tofi¥atBpCte ddtolls” 5 ¢

i npl ant's of agmwphepls gdicanbi oi nert metal such as stainless steel. An

ort hopaedi c i npl ant according to the invention 5 may conprise stainl ess
steel and porous anorphous silicon. At |least part of the surface of the

i npl ant  may U@Jiéé’&fﬂ!’a‘litﬁhrﬁ&@ﬁ?ﬁfsogﬁicoﬁfmbpw%Ie%b'sit@ﬂ”orlgﬂ%fn?é?g'égéélt y

anor phous silicon may be deposited on stafnless steel y standard

t echni ql@s bSycatandandatechvriquesdesticin dhibat aleskebedwin Physical Review
Letters Vol. 77, p1885-1888 (1996). Silane is decomposed using an
rf plasma at 250 C, and boron doped via the addition of diborane
gas, to yield a 2 micron thick fiim of amorphous silicon. The |,
substrate onto which the amorphous silicon is deposited is an

15 optically polished stainless steel plate.

Once the amorphous silicon has been deposited it may be porosified,

again by standard techniques such as those described in EP

96925906.8. Circular regions of the plate are selectively anodized in
20  HF solution (HF/water/ethanol : 5/9/6 by volume). '

The plate was incubated in simulated body fluid (SBF) for
approximately 4 \fveeks, the solution being replaced by frash
simulated body fluid after 2 weeks. Figure 8 shows an SEM image of
25 a samplé of amorphous silicon that has been deposited on a'
stainless steel plate, and figure 9 shows a sample of amorphous
porous silicon, formed on a different part of the same steel plate.
Both the figure 8 and 9 SEM images are for surfaces that have been
immersed in SBF for the four week pe'riod. The figure 8 image shows
30 that substantially no hydroxyapatite has deposited on the non-porous
amorphbus silicon substrate. There is also no.evidence of corrosion.



Letters Vol . 77, pl1885-1888 (1996). Silane is deconposed using an

" plasma at 250 C, and boron doped via the addition of diborane gasif{BCIzm‘

yield a WHOHPWA2Zt hick fil mof anorphous silicon. The suPSI/GRMNOZSMO which
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HF sol ution (HF/ water/ethanol : 5/9/6 by volune% The plate was i ncubated
in si nul at ed Figuge B eoatrastsswith figure apprtbﬁtrb@ﬁ Wdztomapgtlta depesitian on

an St | mge and SorteRln Rl hctitfed it e Lot B FhafmiBE Bun SHEL 31 2o on

a stainl ess gdre6dion! of me wlfafd@mcﬁcatédﬂmﬁt ﬂuéam:@rﬁu@ﬁaw@@%ﬂucd@pr ous

-silicon, forned on a different part of the same steel plate. Both the

Y gure 8 and i9 rssmrbab@endrmef depositiar of thaanydf@xgapaélme indinateedhah SBF

for the f period. The fi image. sho 30 t hat bstantially no
hydr oxyapat | (DSATOREPEURAATOHR THES ds HioFgie SiRu ProdPaftieon
-substrate. There is al so no. evidence of corrosion. O1 OCT 2004 WO

01/ 95952 PCT/ @GB01102524 31 Figure 8 contrasts with figure 9 in that. both
hydr oxyapatite depositigon and corrosion has occurred as a result of
treatment with SBF. The corrosion of the surface indicates that 'the

anor phous porous silicon is resorbable and the deposition of the

hydr oxyapatite indicates that 5 the anorphous porous silicon is bioactive
and bi oconpatible. 01 OCT 2004 32 Clains . :



1. An orthopaedic inplant material conprising sem conductor porous ﬁqqm@rnm‘
polycrystalline silicon and a carrier material, the carrier material'a
silicon being arranged in such a manner that at least part of the silicon
is in contact with at |east part of the carrier material, characterised in
that the silicon and carrier material have a structure and conposition
such that at |east part of the silicon induces bioactivity in at |east
part of the carrier nmaterial. 2. An inplé%t material according to claiml
characterisedcﬂghﬁéat the silicon is selected fromone or nore of:

bi oactive silrcom~resorbable silicon, bioconpatible silicon. 3. An

I npl ant material according to claiml characterised in that the carrier
material conprises a polynmer. 4. An inplant naterial aqcorggg claim3

char act eri sed1i ARt pethopaedie impjant matesiabecomprising semjgey | RRiMFe. 5.
An inplant ma ' ' 0 Gt & har S ' h t A4 dTpl ant
material furt hgpy%orf%ﬁ ?g'é%&%hgpgugqﬁsﬁdﬂc%?ﬁpgr t% %t(':’ﬁég ﬁ%.téﬂa%ogﬁae cgﬁgr']étm
conpri si ng anppatefiapaad gilioon deingwresanged incsuchliangnanner that at least
part of the silicon is in contact with at least part of the carrier
material, characterised in that the silicon and carrier material have a
structure and composition such that at least part of the silicon

induces bioactivity in at least part of the carrier material.

2. An implant material according to claim 1 characterised in that the
silicon is selected from one or more of: bioactive silicon, resorbable

silicon, biocompatible silicon.

3. An implant material according to claim 1 characterised in that the
carrier material comprises a polymer.

4. An implant material according claim 3 characterised in that the
carrier material comprises polycaprolactone.

5. An implant material according to claim 3 characterised in that the
implant material further comprises porous silicon particles.

6. A bone cement comprising an orthopaedic implant material

according to claim 1.



