WO 2005/ 115491 PCT/ S&005/ 000165 *166166* | npl ant abl e
Biomat eri al and Method for the Preparation thereof

WPPYH/ 134 he invention The present invention retasE3005/000165
to a new nethod for the preparation of inplantable

bi omaterial (inplantable bone grafting tissue). Tn

et hod f or 't he.pr epar ati on L,PVEEE,LSQnTﬁ' ""f ﬁél Q][ﬂ umwuuwfm|mum|m
bi omateri al and i npl ant abl e bi onat

t hereby. Background of the |nvent|on The graftlng
bone tissue is a technique used daily in nost

or t hopdeuilantable BiomateyaldapamMeiisd for tHE Prétssafbn thereo
autografts, or bone obtained froma difféeren par

t reci.pient's body, results in the need for
aﬁ%@ﬁ?@(—ﬁ@gﬂy on the recipient, as well as donor

site norbidity. However, the use of autograft is not

came girebants averitiont féléité%e‘ié‘uﬁenbﬁv 'n'?etﬂ Nl " lIeB%ration of

pati ent and may involve a risk con‘p catl ons
t i@pisHableshiogiatetial (raplantabler bose qpattiayi tissse).elruipagticular, the

5 %’c%ﬁ%’gﬁ u@{é@'ﬁ% . Eéigte?(’? aél Ssﬂt\%v}ggetﬂeoprqj)@ﬁ@tlon of anorganic
aluh"spgmtéble tomateTiy eaﬂtumplmabréembﬁ%'t@rfgl bB&iRANE thereby.

tissue froma donor into a recipient fromthe sane
species or different species, respectively. To

f:ri t he bone tissues need to be
?grgadrp(‘gu ot 8'ih Siion e clean and pure. The change
in the nechani cal properties of- the bone tissues 20
duédet graftieg tofeMNEemlssmdstéleeCMIqaéIlﬁs@zdd@@ilyt fh most orthopaedic

. | f b
10 S arieilb  THS USP it fhlioaralioapt Bopepbiiced §amwedifiorent
otpaet ofl trWRRGHENt'd lﬁ%dyhﬁesrdlt%klﬁ Ak ﬁég\ﬁﬁfqtr'éﬂ?jlt%na\f'%#égﬁy on the

and _ unsuccessfully recol oni sation e xenogra
céﬁ%l@les'ttf%yqﬂrﬁmwormter @peb,ldltmrislowbmt thod usé e)flatmjgl%xft is not

| LB, Loy EOBPEL 8L SOLTRE 0, LIERON, e e

mﬂttul dfacomplicetions at%éwdm@ﬂér ﬁﬁthé?cmlrﬁgl‘oi%t 6P8rdtdns require
eto rgrotel nsb mai nly col | agen, enbedd

15 Targe amounts of bone tissue, which are lncompatlble Wlth autografts. The use

of bone allografts or xenografts involve implanting bone tissue from a donor-

into a recipient from the same species or different species, respectively. To

perform the grafting, the bone tissues need to be treated so that they are
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clean and pure. The change in the mechanical properties of the bone tissues
20 due to the treatment and the rejection due to immunogenecity are common
problems for bone xenografts as well as allografts.

Allografts also have other drawbacks like the risks of infection of viruses and
unsuccessfully recolonisation, while * xenografts cause strong immune
25  rejections. Most of the immune rejection is from proteins contained in the
bone tissue, as well as cell debris/other elements in the medhllary tissue.

Slow/inaccurate recolonisation-is due to proteins, mainly collagen, embedded
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bone organic matrix, mainly in collagen, compriéing treating bone tissue with a
fluid in supercritical state, for example, carbon dioxide (CO,). This method
therefore requires the use of a fluid in supercfitical state. Further, this method
requires a step of extraction of proteins by means of proteases. These steps

of using fluid in supercritical state and protein extraction are quite costly

~ processes.

Another suitable implarit material is Bio-Oss Collagen from Ed. Geistlich
Sohne AG Fur Chemische Industrie, which is a resorbable particulate bone

mineral product comprising porous bone mineral nano-particles in a collagen

matrix. The nano-particles are derived from natural bone and have an

average diameter in the range of 0.1 to 10 um. Bio-Oss Collagen is also.
described in U.S. 5,573,771. The problem with Bio-Oss is the difficulty of
shaping the nano—part'icles into a tridimensional scaffold structure suitable as
implantable bone grafting tissue. Other xenografts such as O'steograft/N
(CeraMed, Lakewood, CO), and OsteoGen (Impladent, Hollisville, NY) had
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structures. In general, the common way to renove the
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Summary of the invention

15

The present invention aims to alleviate all the aforementioned problems
associated with processing, and provides an implantable biomaterial with high
osteoinductivity, high osteoconductivity, biocompatibility, and comparable

mechanical strength to natural bone. Most importantly, it is a very low cost
20 and simple process.'

According to a first aspect, t_he invention provides a mefhod for the
preparation of an implantable biomaterial comprising the stéps of:
a) obtaining bone tissue;
25 b) boiling the bone tissue;

c) treating the bone tissue to remove the collégen.
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water. For exanple, in distilled water. In
particular, the boiling step may be carried out to
substantially disrupt the collagen and renove bone
marrow and the extracellular ngtrix proteins 5 (ECM.
A step of treating with ultrasound nmay be further
applied to | oosen and/or renove the remaining organic
matri x. The nethod according to the invention may
c [
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In the nethod of the invention, the step c) .
may conpri se treatlng the bone tissue at a high.
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t he saggregate org mc trix nly collagen).

Thbefre poaitryg. bEhe aledrdng anay e tcaemd ogt wiccarding to any suitable
method known in the art. For example, mechanically, by air or by means of a

liquid. For example, the cleaning can be carried out by using water.

In the method of the invention, the step c) may comprise treating the bone
tissue at a high temperature, for example at a temperature of 200-250°C, for
example at 210°C, so as to melt and denature the collagen, and further
treating with a solvent to loosen and/or dissolve the collagen. The solvent to
loosen and/or dissolve the collagen may be any non-toxic suitable solvent
known in the art, preferably an alcohol. For exa'mplé, ethanol, hydrazine,

methanol and/or guanidine hydrochloride. In particular, 70% ethanol.

The implantable biomaterial may also be treated with ultrasounds for
maximising the removal of collagen and/or for removing the disaggregated
organic matrix (mainly collagen). The step may be carried out by treating with

ultrasounds in the presence of an alcohol.
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ti ssue may be cut by using any suitable neans known
inthe art, for exanple, by knife, scissors and/or

cut by neans of a high-pressuredwater jet. 5 The

nmet hod of the invention may further conprise a step e)

of sterilising the cut bone, preferably before
inﬁ%antation. The nmethod of the invention may further
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grafts). In particular, the inplantable biomaterial is

an j ne tissue. The inplantable biomateri al
5 oo BEnEEHEY G 88" Rubhich Biav, Ritiel Comre step mer sterlising the

pr eakbore, Prefpablgdfforeinigntafih ant abl e bi omateri al
according to the invention has been assessed by using

ther SEM EDX test. SEM EDX detects the presence of _
sul'pRuMethed ofithe inventigncmaydudher ebrgpiseag estep patkaging the
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acEHARHE ghjheeatisentpasticylae thet moplanfabididiomaterial is an
| NYRBIJML BBRe Fssue. The implantable biomaterial obtained is free from the

organic matrix.

15 The presence of collagen in the implantable biomaterial according to the
invention has been assessed by using the SEM-EDX test. SEM-EDX detects
the presence of sulphur (S), which is a component of collégen but is not
present in the bone scaffold itself. No sulphur was detected in the implantable
biomaterial of the invention by SEM-EDX. Accordingly, the invention provides

20  an implantable biomaterial, whiCh is free of collagen as detectable by SEM-

EDX. In particular, no collagen is detectable by SEM-EDX after the treatment
of step (c). '

In particular, the composition of the implantable biomaterial obtained or

obtainable according to any embodiment of the method of the invention has a-
25 Ca/P ratio of 1.64.

In particular, the method of the invention does not comprise a step of treating
the bone tissue with a fluid in supercritical state.
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WD 2005/ 115491 PCT/ S&005/ 000165 6 The present
i nvention also provides a nethod for the preparation
of an inplantable bionmateri al corrprl sing the steps

of : - obtaining bone tissue; -6cleaning the bone
tissue with water; 5 - boillng t he bone tissue in
water; - cleaning the boiled bone tissue; - drying
the bone tissue; - treating the bone tissue at a high

tél'rfmemadzsm ipuehtiom ated t pranitiede aamethodcfdrl h@epregdiation of an
&%ﬁ’ﬁ n e boF }ail ssue with a solvent and/or
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all owi ng the solvent to evaporate fromthe bone

ti_SginindsSHtigid; 0 anot her aspect, the nethod of the

i nvention conprises preparing an inplantable

bi omateri al as descri bed above and further, a step of

15 dlegningthegone dssiemithevatar; in a vertebrate. In
general the inplantation nay be carried out for

pur f d/or reconstructing a bone in
a %rb@%gdn%ﬂe 'g eE“onsequence of an injury or

di sease It may al so be used to replace and/or
r eccleariing tite bpiked bdnetiskuetef ect's and peri odont al
regener ati'on. The inplantabl e biomaterial 20 according
Nt i n may al so be used to bone augnentation
éﬂ!ﬁ‘@r 0”? BSHEt hod of the invention may further
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| ptragdrP e Bbﬁéﬁ?s%’hbaét ATHigh tbmperBLABI&ichoy melt and denature

Furt her,” t he net hod
collagen;

- treating the bone tissue with a solvent and/or treating with ultrasounds to
dissolve the collagen;

- allowing the solvent to evaporate from the bone tissue.

According to another aspect, the method of the invention comprises preparing
an implantable biomaterial as described above and further, a step of
implanting the biomaterial in a vertebrate.

In general, the implantation may be carried out for purposes of replacing
and/or reconstructing a bone in a body, for example as a consequence of an
injury or disease. It may also be used to replace and/or reconstruct
periodontal defects and periodontal regeneration. The implantable biomaterial

according to the invention may also be used to bone augmentation in general.

The method of the invention may further comprise a step of cultivating in vitro
the implantable biomaterial prior to implantation. Further, the method may

comprise a step of seeding the implantable biomaterial with the patient’s own

isolated cells prior to implantation.
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conprise a step of seeding the inplantable biomateri al

wWth the patient's owmn isolated cells prior to

Worptoantawi on. WO 2005/ 115- 191 PCT/ S&005/ 00016pCT/8GI808/000165
nmet hod further conprises the cosnetic step of

inpl anting the biomaterial in a vertebrate. For

exanple, the biomaterial is inplanted on a person

during the course of cosnetic Eurgery. According to a
further aspect, the invention provides an inplantable

5 biomaterial prepared according to any enbodi nent of

t met hod of the invention. In particular, the
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In particular, the conposition of the inplantable
bionaterial _has aa A Ca/P ratio of about 1.64. The
i MSCRRYIREI dobRodeithen Asnag). biéec dnventisme orovidest ma  implantable
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bi onat er i alnﬂr;egy %Ee agggg?édg w ’éﬂ&ﬁgﬁwgp,@w@# %E.ﬁmmeﬁmd of the
i dRvedtion. delpastigarythe implapitableabioatateddl i8G6888 i Yone tissue
tté%dlwﬁ%éion al s rov.ldss an invitro cell culture
cSnprisingtHE PR hi'Spreterirllei By BEMEDXY in the implantable
abiendtaralt o any -enbodi ment of the nethod of the

invention. The in vitro cell culture may conprise the

ig;g‘l antaple biomaterial seeded with the patient's own
c.n%;(sﬂ!mm%\t@mﬁl bmmtﬁertal bfllflelgaber2 gla! armgal?ieblstblwl f deeA®m organic
Si in s to nmake. if suitable for a

part | f:('uII%?p%@éwggoﬁeeﬁgmoé't'% Oéa‘}?eh'g’\@a'&tayez@'@mat?”al has a
mi&/Paalio of mBout n.egarticular, the size is 5 Mm X 5 mm

(di aneter/height). The present invention also provides

a-package or a kit conprising the inplantable

bf@‘ﬁak’%‘%ﬁ&?abé% @&@?%‘gfén%;b%ﬁbﬁwafgtn witroh priot he implantation.

s Fopex@mplRe the implantable biomaterial may be seeded with the patient's
own isolated cells prior to implantation.

Accordingly, the invention also provides an in vitro cell culture comprising the
implantable material prepared according to any embodiment of the method of
the invention. The in vitro cell culture may comprise the implantable
biomaterial seeded with the patient’s own cells.

The implantable biomaterial can be shaped and sized in a way so as to make
it suitable for a particular use. For example, it can have a size of 1 mm? to 3
cm?®. In particular, the size is 5 mm X 5 mm (diameter/height).

The present invention also provides a package or a kit comprising the
implantable biomaterial according to any embodiment within the scope of the

invention. In particular, the implantable biomaterial comprised in the package
or kit is sterilised.
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aspect, the present invention provides a use of bone
tissue for the preparation of an inplantable
biomaterial for inplantation in a vertebrate. In
particular, no collagen is deté&ctable by SEMEDX in
the inplantable biomaterial. 5 Brief description of

‘the figures Figure 1: Animal .bone prior to processing

Figure 2: Cut bone scaffold, rinsed in ethanol, prior

t Acaupdingt &t BABthet Gadpet Be3preSehBYnvlinkibh %’B\/f&%s a use of bone
pattern anal ysis conparing the I norgani c ‘structure of

aﬁ!ﬁsﬁﬁrifpé B@erﬁﬁ%faélQneOf(aX) lmplan@biermomtenal for lmplantatlon in a

h ite gu 4. Overvyi ew

pﬁ%:r@r% onré1 sD%r Ut l%’?eﬁ r%‘?ﬁggeafﬁn‘{ﬁj %tlag %rE%rE[%x in the
mimpdantaple leoatayyriali spersi ve X-ray (SEM EDX). Fi gure

5: Conponent analysis with the ratio of Ca/P as 1. 64.

20 Figure 6A: The scaffold structures from SEM

anal ysis of anorganic cancellous structure - and
dense structure (overall structure, X 35). 25 Figure

6 Bridittaseeiptib g o tHd ﬁ@%gr es from SEM anal ysi s of
anor gani c ense structure (X 3500). WD 2005/115491
PCT/ SG2005/ 000165 .

igure 1: Animal bone prior to processing
Figure 2: Cut bone scaffold, rinsed in ethanol, prior to implantation
Figure 3: ‘ X-ray diffraction pattern analysis comparing the inorganic

structure of anorganic porcine bone (A) and synthetic
hydroxypatite (B).

Figure 4: Overview of anorganic porcine bone structure from

scanning electron micrograph-energy dispersive X-ray

(SEM-EDX).
Figure 5: Component analysis with the ratio of Ca/P as 1.64.
Figure 6A: The scaffold structures from SEM analysis of anorganic

cancellous structure - and dense structure (overall
structure, X 35).

Figure 6B: The scaffold structures from SEM analysis of anorganic
dense structure (X 3500).
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9 Figure 6C. The scaffold structures from SEM anal ysi s
of anorganic dense structure (X 45000). Figure 6D

Wee2@saffiol d structures from SEM anal ysis of a Igsqﬁ' <
5 cancellous structure (X 2500). Figure 6E: Thg;tr o i000165
scaffol d structures from SEM anal ysi s of anorganic

cancel l ous structure and (X 8000). 10 Figure 7A-D:

SEM DEX anal ysi s of individual 8rystalline structures

in the dense bone. Figure 8A-F. SEM DEX anal ysis of

i ndi vidual crystalline structures in the spongi osa

bone. 15 Figure 9A. Morphol ogy of normal osteobl ast

celNigWedGef ore che acaffold s&fddm:%@ofrér%nSEl\P%B%h@ﬁ of anorganic

bone. Figure 9B: rphol ogy of differentiate

after contacting \I\ébetr%e Siﬁ‘cﬁﬁér(m(lo%or ci ne bone.

Figure 10: Graph showi ng the ALP activity of nornal

ost eobl %ﬁs cell. 3T3 (MC3T3) and differentiated cell

( PAPB) . 25 Fildier ecaffold Eguicturee fesmsseive aﬁ’hﬁ/gis of anorganic

smal | dots. Figur . EDX result of crystallin
fornmed in the sol %faﬁgﬁ”%ﬁtﬁf Wigg(X 39@0%el I's and APB.

WO 2005/ 115491 _ PCT/ SG200S/ 000165 10 Figure 13A-F:

TE'Fm' cr%%‘riaphs of _crystallines (A-C) forned in the

sol H1"BR Cont ai ni AQe3TeERltold IstruahutedFRbrh BERI WRANSs it Eghorganic
C T

ts indi EDX (D-F). 5 Figure 14A°
i oFogr aphs of cryENSTIadRS RSt rstAnOX REOSKI i 1 on

Figure 7A-D: SEM-DEX analysis of individual crystalline structures in
the dense bone.

Figure 8A-F: SEM-DEX analysis of individual crystalline structures in
the spongiosa bone.

Figure 9A: Morphology of normal osteoblast cell 3T3 before
contacting with anorganic porcine bone.

Figure 9B: Morphology of differentiated cell after contacting with
anorganic porcine bone.

Figure 10: Graph showing the ALP activity of normal osteoblast cell
3T3 (MC3T3) and differentiated cell (MC3T3/APB).

Figure 11: Egg-like crystals with small dots.

| Figure 12: EDX result of crystalline formed in the solution containing
‘ 3713 cells and APB.
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crystalline (A) forned in the solution containing

C2C12 cells and APB for 2 weeks with conponents

i ndi cated by EDX (B). Figure 16 A-B: SE m crograph of
deposit on coverslip (A and it main 15 conponents

(B). Figure 17: XRD patterns of crystals in solution.

Fi gure 18A-B: SE micrograph of BDS (A) and its

conponents detected 20 by EDX (B). Detailed

AFSGIEDLIAIE:Of LIPE' RHEBERAIs 26 ERGBIIARENAIC) IBHMER in the
ai to alleviate all th or enent1 oned probl ens

associ ated wit h psaldticys cogtairind rdcetls areh APB for 2 weeks with
i npl antabl e biomaterial wth, hi 0 ' ctivity,

ost eoconduct i vi ty?orﬂp%%é’?(?'ﬁ?@gtw égﬁgt@%ﬁpar abl e WO

2005/ 115491 PCT/ S&2005/ 000165 11 nechani cal strength

to a natural bone. Mst inportantly, it is a very |ow _
cdygureatdAtnpl e pEoburegraphausddcrystallime fdmmededm the solution

“inmpl ant abl e bio j al "o n.,"inpl e, bone

grafting tissue" r@é@éfgﬁﬂ ﬁm?mv%rfgf)ﬁg%%%o@ @’F‘ht E%mponents

present applicati piicatdtEby B®X it eliffdrefiRibdationssite 1 (B) and site

i nt erchangeably. The inplantable biomaterial of the

invention is an aﬁd?bani c bone granting tissue. Wth

particular reference to the exanple, the term

"anorgani ¢ porci ne bone" (APB) has been used, which

r effiguee 1 5AtBe | nplrEnimidrograpto otitceystallinef (A)hforimedent itiod solution

of porcine origin. 10 . .
containing C,Cq; cells and APB for 2 weeks with

components indicated by EDX (B).

Figure 16 A-B: SE micrograph of deposit on coverslip (A) and its main

components (B).

Figure 17: XRD patterns of crystals in solution.
" Figure 18A-B: SE micrograph of BDS (A) and its components detected
by EDX (B).

Detailed description of the invention

The present invention aims to alleviate all the aforementioned problems
associated with processing, and provides an implantable biomaterial with high

osteoinductivity, osteoconductivity, biocompatibility, and comparable



The present invention provides a new nethod for the
preparation of an inplantable biomterial obtained

W Honedlt i ssue. The inpl antabl e bi omateri al niatyr/gem03/0001(,3
prepared fromthe bone of aninmals that have been bred

for consunption, which would otherw se have been

di sposed 15 off after cooking (Figure 1). These types

of bone are therefore readily ald cheaply available in

| arge quantities. The bones can be obtai ned from any

kind of suitable vertebrate animal. For exanple, from:

% co and the like. Bone is a type of
WF@I sstreagth that ndtorarbonke Mustdrderizptionit o 4 low cost
\éﬁg},@ @Ppesp O@gggnl s partly organic (cells and mat r |

y inorganic 20 (mneralised conmponent). In
any bone the inorganic constituents are 65 to 70% on
a %r?y V\%%ht baS| s and the organic constituents are 30
t o §5Y5Yt Ngreipy thewderht implentablelbiosaterdial” ¢ anhiigplantable bone

t d I'l ed
5y ad LeSS AL IRE dbr e iysdofe. o7 BBPigRent appication, the

cotW@gemms mdy bs. usial irtg@hahyesbly. Thet
n formin bone. Nearly Y 905'95 3;0 ‘?@I)lgﬁfgt{;@%omatenal of the

or g‘a\’ﬁﬂﬁf’% PR AnPEgRYC |bﬁ’BP(%@'éfwga§S%r€g Wit pasti@rarieference to the

Sr E{déélﬁﬁw_ﬁgcfrﬂénﬁdancﬁg%%gs&;gl% Ine" oq%é)sgégg%?f‘é‘ used, which

 mafeferg f@fth@tllﬂi\@ian’tabledmbmmml of tﬂeﬁlﬂ%nt@ﬁ ®f porcine origin.
4o on-col l agen -proteins conprise extracellular matrix
proteins (ECM and substances |ike chondroitin

suThbapesenk§
Accgrgi?n v g%édttg)rg &%ﬁéﬁone |sqa%ﬁ%8§¢Pf€99Teparat'on of an

y
POMElentEd; bivmasriatiabtabicddgem buridhtissiamal | fraction
of ot her conpounds. Collagen is enbedded in a

d b b b
g“ﬁg?gﬁ%‘g&ﬂ@%@ﬁﬁéﬁ%gwa? :bgshx?é]p%?e enctgcégtgoneeg? animals that
di bave beerdred dod mmsumfbmg viHiéh Wangd *@)tﬁértv{ﬁ@ have been disposed

15coI agen fibers. Bone marrow lies with
oDt (GAoRIIch KRB d ) o nEse types o6 horie am)rhlhalelfr:a-eareadlly and

hacetran e losin ehe RS o dingt ol e obtaiacd from any

mekindwf isadablearertidfrateeshimal. For example, from pigs, cows, and the like.

Bone is a type of connective tissue that forms the hard skeleton of most
vertebrates. Bone is partly organic (cells and matrix) and partly morganlc
20  (mineralised component). In any bone, the inorganic constituents are 65 to
70% on a dry welght basis and the orgamc constituents are 30 to 35% of a dry
weight basis. Almost all of this inorganic substance (about 75%) is a
compound called hydroxyapatite, which become deposited between collagen
fibres. Collagen type | is _the dominant collagen form in bone. Nearly 90-95 %
25 ofthe organic matrix (also indicated as organic material) is a substance called
coliagen, which is a fibrous protein. The rest, that is, 5-10 %, comprises bone
marrow of other non-collagen proteins. The non-collagen- proteins comprise
extracellular matrix proteins (ECM) and substances like chondroitin sulphate,
keratin sulphate, and phospholipids. Accordingly, 30 to 35% of bone is
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as "...is the soft material com ng fromthe center of
| arge bones, such as |leg bones. This material, which

wioS2004/ 8T nantly fat, is separated fromthe bamarsG200500016s

mat eri al by. mechani cal separation.” (O ficial

Publ i cati on of American Feed 10 Control O ficials,
1997, page 191). Five types of bone cells are found in
bone skeletal tissue: osteoprotgnitor cells,

ost eobl asts, osteocytes, osteoclasts and bone |ining
cells. Osteoblasts are involved in bone formation.

Cst eocytes arise fromosteoblasts and subsequently

beoumgerewtthaqopamu fradtionrofldiBe066ApYSNAS. M%qeﬂ ik aFhiRRIed in a
and 15 intain the bone matri x. Osteocl asts are

nﬁ“{qqli’ﬁ’ aride| groupgssubgtanceicyhas baneobecomes mineralised,

r
i ﬁiﬁ%@fﬁ%ﬂ““ﬁ?ﬁﬁ?ﬁﬂé@" BechMelIRrGRREL red IP R e gnotn of the
anollagﬂrafnbartsl 8dnieomatrem lids WmlﬂiprthSIQp;gcegmww tHeetrabeculae of

organic 20 .matrix. In particul he nmet hod of the ]
r?ﬁ &R ploiHaing Aot Yeyipty orO?t H’@hsvpr'@ﬁl&ﬂm oioge a@gtive in

| Hakaitabhbieshl eaBEars Ald Eequ 'créﬂstESn%trﬁé’r? \thasaﬂee defined
obt ai ni ng bone tissue; ing t one ? I ssue r}

t @8at'i isgt éOfﬁm%teflalssmlrtgafroembreecer‘ﬂer obldrgg@mneﬁﬁsdoh as leg
t t vent.i on, the iling ste

oo0p%: (s BratefL WER S Braqoraanfy ot Sepiated @ the bone
V\mﬁaierlal\/‘ﬂya%&héﬂ@é?%eBQHtﬁﬁzo@éﬁQ%@%llcéﬁoh Nof American Feed
particular, the boiling step may be carried out

s (eateoh Qfticipls, 1896vBagad 91pr gani ¢ matrix from t he

bones. The organic matrix, including collagen and
gmfg}%%ggf‘g%rn%}qgém% ?I o Sbl‘gp‘?}on l%Jﬁelgtr%‘]eQ%ggggggt%gprogemtor
a@_etk; dms’tgoblasts’.] eodteveytes oostoaylactznpnd Sonedfifiad icefs.t Osteoblasts
PQkd ' %ived in bone formation. Osteocytes arise from osteoblasts and
subsequently become entrapped within the osseous tissue in lacunae and
help maintain the bone matrix. Osteoclasts are multinucleated cells that are

active in bone resorption.

According to one aspect, the present invention provides a method for the
preparation. of an implantable biomaterial comprising removing the organic
matrix. In particular, the method of the invention provides a method for the

preparation of an implantable biomaterial comprising the steps of:
a) obtaining bone tissue;
b) boiling the bone tissue;
c) treating the bone tissue to remove the coilagen.

In the method of the invention, the boiling step (b) may be carried out in water.
For example, in distilled water.



step two or nore tinmes, optionally changing the water
before the next step of boiling. There is no :
weoenbeguken linmt to the time of boiling which Gga&®00s/000165
chosen according to the particul ar bones of the

particul ar animal. For exanple, the 10 bones may be

boiled from20 mnutes to 24 hours to renove the

slurry ‘including blood, bone nt¥row, |ipid, and the

remai ning nuscle. In particular the bones are boiled
from30 mnutes to 6 hours, nore in particular for 1-2
hours. According to a particul ar aspect, the nethod

colpphgivsidr, the BoilmbeRepmalhdhd ica&iédﬂsupﬁfléuB&%%SIM Femove the
water for 1 hour, and a second step conprising

c harang maksix aeey thenbooes: e oogdnic |h maiyixf émcladiogheollagen and
d_opt:ional ting. t
F o ieg n pRuhe I8 SUbsth R aed Badled) edmrmared by the

a bo#ipgasterl eani ng the bone tissue before and/or
after boiling. The cleaning may be carried out
according to any suitable nmethod known in the art.
For exanple, nechanically, by air or by 20 neans of a

|1 U0, I : wat er tQ o
c1 S5 RO BeoSRIng 19 ThY dp BRI oy, cARIYIEE, (GE2uhS the boing
aL step t\n{]teobmcbrﬁrtgnes,emtidfnlaﬂytubiwglﬂrigsgtmfwb&r%@@mteme next step of
t hor ou Wit wat er or .exappl e dei oni sed water.
Th@OﬁEEhiﬁeFﬁaiﬁ ?%P@H&P‘%fo'ffﬁﬁitgéﬂg type of bpilipgywhightasa be chosen
bohteskdi o tth i 0 ' i
carri ed%t . %@%ﬁ”ﬁﬂgb?ﬁs Ecgﬁt@et {D%@Eé“a? gangf?lél.g—fo rb§/xample, the
10 hebonag. mayr bexzoiledefrotny 20r ymingtdse &b i 24y hionrsio oretove the slurry

sunclited Heod boide R Eow it ankhiie. Smpiing fuse. n partoutar
bofie boRsY Qarbr 86ile@UfrorhOB0 SRS to fd ABLAD bV B afiRufar for 1-2

hg#'rs, in particular 30 WO 2005/ 115491
PCTPYR ARSONdIng6s a partiguiar agped, the maihod Theprises a first step of

t eB’Bﬁihgtﬂh@eb%e tisgﬁe%e\ﬂaﬁyfop% %rs%ﬁqa%??agﬂng raep comprising

tenperdture according to the source f
15 bonbkangisgdbe avatedand dontinuihbyebdilme farfarong, ori@hour, and optionally

. H - | 2 2 . F
XA Gint e depe 3 Turthar A fitnsgl &7 200 to 250C. For

The method may optionally comprise a step of cleaning the bone tissue
before and/or after boiling. The cleaning may be carried out according to any
suitable method known in the art. For example, mechanically, by air or by

20 means of a liquid. Water, for example tap water, may be used to clean the
bone tissue thoroughly.

In particular, after the boiling step, the bone tissue is cleaned thoroughly with
water, for example deionised water.

The method may further comprise a step of drying the boiled bone tissue. The
25 step of drying may be carried out by letting the bone tissue to dry or by
heating. For example, by drying-heating in an oven. The heating in the oven
may be carried out for a time suitable according to the kind and quantity of the

bone tissue treated. For example, from 10 minutes to 2 hours, in particular 30



exanpl e heating for 30 mnutes to 2 hours at 210-220C
Optionally, it is 5 possible to change the position of

wd'%005912891 | SSUE tO prevent overheating in Cerﬁ@*/g‘(ézoosmooms
ated In
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areas. After drying, the bone tissue may be tre

an autoclave for sterilisation. This. step can be
carried out for a suitable period of tine and at a
suitable 10 tenperature. For gxanple, from80 to
300C, in particular, 100 to 200C. The bone tissue can
be autoclaved for 5 mnutes to 2 hours at 100-200C,
for exanple for 15 mnutes to 120-125C. In the nethod

OfmihliRed H¥eRt helr tl'Htg ﬁ]rﬁg?@urgogprthgég&ﬁﬁ@%&ol ;gg}g_ suitable

steps 15 carried ou er tore
Argmperatale acomrdirapitckihevsourse from which therborenweglobedined and to

c o I o B (o G A i BOGG. H PTG, 200 to 250°C. For
t IR Llﬁ@at(rfgo'for?‘sel"ﬂﬁ'irﬁjégéo_@%@%% &t U f0-29b°C. Qptionally, it is

150-300C, in particular nmore 1n partrc
21®@sgibtecto ghasperthil postti@iCof therbbhe divdudetoaprevent beerheating in

cal | age nd further treating with a 20 solvent to
diég%l%vgrﬁa%e col | agen. The sol vent used to dissolve

the collagen may be any non-toxic suitable sol vent
known in the art, for exanple a non- aqueous solvent,
praftesrdnying, 4he hansniissuermayebeatrebted it Barmitoclame for sterilisation.

: %.€et. . .. O her, - ous,.sol vent .
Dot cnn BREtRangh o lueBRBREHE R 460 g s
ditemperaturegF-cobxargple, fodd 80 th STOYCNh BAARLRIrENP0tHS00°C. The
25 resj.dues of the organic matri x are: hydrazi ne,
rrgi% psuek@nobe giuaﬁaav% f0|h§d|nb'uﬁe$)rtpcé.h0ﬂﬁ% atohD-200°C, for
:rl:m i IHZ?r ?‘Smnﬁ?est%ef"i(ﬁﬁjzg‘j h ultrasound(s) for the

fect 1n renoving the di saggregated
(di'srupted) and aggregated organic nmatrix (nmainly

O et P b, SR B oot s more st
tlfbggit‘i?% E?t Fr’fasﬁgégqg a{?fnlogg t@%{c%h‘é’den.ﬁ}?y QL'liHlﬁé 8 od known in the
art for removal of collagen may be used. For example, the step ¢c) comprises
- treating the bone tissue at a high temperature (for example at a temperature
of 150-300°C, in particular 200-250°C, more in particular 210-220°C,
preferably 210°C to melt and denature the collagen, and further treating with a
solvent to dissolve the collagen. The solvent used to dissolve the collagen
may be any non-toxic suitable solvent known in the art, for example a non-
aqueous solvent, preferably an alcohol. For example, ethanol, in particular,
70% ethanol. Other non-aqueous solvents suitable for the purpose of the
present invention for dissociating collagen and/or removing completely the

residues of the organic matrix are: hydrazine, methanol, and/or guanidine
hydrochloride.

The bone tissue may also be treated with ultrasound(s) for the maximal effect
in removing the disaggregated (disrupted) and aggregated organic matrix

(mainly collagen). The step may be carried out by treating with ultrasound(s)



according to the known standard protocol, for exanple

for 30 mnutes at 37C. However, tine and tenperature

W8 200%13541 ed according to the necessity. AN pCT/SG2005/000165
anorgani c bone tissue is obtained. In particular, the

i mpl antabl e material 5 obtained or obtainable

according to the invention is an anorgani c bone tissue
conpletely free fromorganic mat¥i x. The presence of
collagen in the inplantable biomterial according to

the invention has been assessed by using the SEM EDX

test. SEM EDX detects 10 the presence of sul phur (S),

whi't he presengeoet somjoofeit The wobkagsn tr@éﬁméﬁt.ﬁ%ﬁl be carried out

affold itself. Through the

pr Jn, the bone s

an§?§<§'fd£*£%° @Em%‘,‘{‘ FIRNSRFA Pratpeels fafexaptpigfars30 aninutes at 37°C,
coHowadler b@i tected in any area of i

t he anoreéani gsabrgﬁte?‘iﬁggagﬁgmﬁ}, %%F\Z% e&ﬁaqco(r lnﬁd_o the necessity. An
AcBBPHAEIHE oneh&isbue dnt dltaineat. ol gasticuari MRbaM@ABhEble material

bi el | ' Is f f [ det ect ab
> oy OB G PR g decolfifato ERanetgin s prosnarpanic bone fissus

10 ¥
p

r
15 4

mecooglatblytfree fronedid-mt R i ses treating the bone
tissue to renove the collagen so that the bone tissue

is free of collagen as detectable by SEM EDX. The
nmet hod of the invention may further conprise a step d)

¢ L ; i nt t i d sh
?F;Téﬁrié"_e%%f’&?ﬁ%f Ao 18 dfe ) TaR=Bls Harmaisyiasioagrding to the
ventiomlbias esanaskewssa b t | '
aﬂ'mf e, SCi sse ors ﬁzl cutrﬂgm%ymﬁ‘esé%&p%Ps(;%hg?g%M%Dx detects
r@?s‘?fleée%‘? 8? S}"@h.‘“’ %E Whtigle is @ énajot compogent dfcsmlagen but is not

. . Qi i i ed. i n
e P TS il SEL i many
f, oPRERS qfaﬁnooxidmndagout;pl b@né@ﬁb,sum_ll:;\{%@ ﬂ@lrecté'og in

S : S_production pufposes. e shape o

R L U T A R B LA

pi eces 0

e Lt S OB DT et o
i

n area of

eln mydiculanptharatempi(e) ¢f theahethbd|of tad i@ nSba RSmprises

| Z%ﬁ%ﬁ?ﬁ thet Bone gl . Iehold e S5laesi 5 thal s bone tissue is freo
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s uhftciiiages iasedetaotdibiy by S@Ene-E@mR, however be sel ected
according to the size of the trauma. A -

The method of the invention méy further comprise a step d) of cutting the

bone tissue into a predetermined 'shape (Figure 2). The bone tissue may be

cut by using any suitable means known in the art, for example, by knife,

scissors and/or cut up by means of a high pressure water jet. The water-jet
cutting allows accuracy of up to 10 Mm, and it is carried out using a jet of pure
water, thus avoiding any risk of contamination from a cutting tool, and further
it can be used for mass production purposes. The shape of the pieces of the
bone tissue can be of any suitable shape for implantation, for example it may

be a right-angled parallelepiped, a cylinder, plug-shaped, or the like. The

. implantable biomaterial can be sized according to the size for the particular

use. For example, it can have a size of 1 mm?® to 3 cm?®. The suitable size

and/or shape can however be selected according to the size of the trauma. A



WD 2005/ 115491 PCT/ S&G2005/ 000165 16 preferred size
may be, for exanple, 5 mm X 5 nm (di anet er/ hei ght)

wOMaod/imss91 1., et at., J. Othopaedi c Res, 16: IIHI@H)5/000165

1998; Wei Tan, B.S., et at,. Tissue Engineering,
7:203-210, 2001). The nethod of the invention may

‘further conprise a step e) of sterilising the .5 cut
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bone before inplantation. A st®p consisting of t he
dehydration and di sinfection of the bone tissue may
optionally be carried out at any stage of the nethod
of the invention. This step may be carried out by

panefented sizéhhay Ge, W@(a&hpléUSQﬂﬁSKVS rhat (thamikter/height) (Martin,
|ncr easi ngldﬂconcentrat ed et hanol, for exanple 70%

9 dopedidd, dooMhonsediccRese @{1|$a1ntﬁ9,|1s99£n WetdaneR:S., Vet al,. Tissue
hg'%,fh I-} 2?@@% bhoPossi bl e to simltaneously
r%ra S%he sSsué an

i ncrease the safety of the
b| omaterial wth regards to infection. Drying in a
verhe rraitbdd of dhe anventioni mapiferthempematises stdpoe) of sterilising the

ex | e referably 30-60C may conplete this
bopg Qreﬁﬂ‘ﬂaa agf’ Nthe invention may further -
conprl se a step -of packaging the inplantable

bi Rreé e icbfbistifg Idtth /gty dRaIFRaSd dlélﬁ%chéﬁ eftthesbshgrdysue may
then be subjected to sterilisation.

st@wtiqnaﬁmheo%rﬂagi s ak any ﬁéﬁgm&thgd@@ﬂm%gf the igmgntion. This step

%gdbgnegﬂ'éd‘q otd?ebgl basdity lgxtﬂ rﬁ?rwat@év'e?élagge{iég\ve baths of

a parti es or

Gmbeas&{glﬁcccn@bmgaté@ athzmidl | G@H aéxmbledl'ﬁﬁ%l 95%%e and 100%.
nmet hod according to the invention conprjses the st
of Becauig api1ang! t e ddnexeellanie virucingnit ngnakes bgn@ossmle to

ti [
?lgdr{ﬁtaWebp Tgeqeﬁ{a/d{%téﬁge tvPQuéé gﬁﬁ éﬁ%ﬁ%ggggﬁets'aﬁy%f the biomaterial
with regards to infection. Drying in a ventilated oven at a suitable temperature,

for example 30-80°C, preferably 30-60°C may complete this step.

The method of the invention may further comprise a step of packaging the
implantable biomaterial. After being packaged, the bone tissue may then be
subjected to sterilisation. This sterilisation may be carried out according to any
method known in the art, for example by irradiation, either by beta particles or
by gamma rays (25 k Gray).

According to a particular embodiment, the method according to the invention

comprises the steps of:
- obtaining the bdne tissue;
- cleaning the bone tissue with water;
- boiling the bone tissue in water;

- cleaning the boiled bone tissue;
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bone tissue; - treating the bone tissue at a high
VeP&YHfMe to nelt and denature collagen; - tROIEG206/000165

“the bone tissue with a solvent to sterilise and/or
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| oosen 5 aggregated organic matrix; - allow ng the
sol vent to evaporate fromthe hone tissue; -
optionally, further treating t A6 bone tissue with
ultrasound(s) for conpletely renoving the aggregated
organic matrix (mainly collagen). Mre in particular,
the nethod of the invention conprises: 10 - obtaining
t he boHEingitee bene-tissbeani ng t he bone tissue with tap
wat er thoroughly; - boiling the bone tissue in the

wat er. ; r onsL st ent L enmpvin he slurry; -
changi{rqgétt"ﬂ?el?@%tbeorr%aﬁgg@%rﬂti%&'Qﬁn@@ﬁﬁiurﬁoﬁo gl Aeg denature
1 howollagemeating for a 15 further two tines; -

cl eaning the bone tissue thoroughly with deionized

water; , -_.ovepn-drying for 30 mnutes at 220C;, -

aut ocl ¢AHE a eli;bn@ fligsua swith nat selventotee rsterijsenanidéor loosen

2 hoyu®yr atédb@g%’ﬁ . high enough to nelt and
denat l?r%]eé’é 20 co aggh;g{r-&’ i mersing the bone in ethanol
for 2 days to further |oose the collagen; - allow ng

t he etalawing the salegnirtatevaporate fifvem the &opg tRisuedr Vi ng;
- cutting the bone tissue according to the

det ] e: .- _rinsin he cut bone_ in
gtr ﬁa%oﬁbﬂéﬂéﬂe?m‘% it{eag'ggglpéeg i f’rﬂ?%n%ﬁ?‘i‘%n‘.’V'chS”traSOU"‘d(S) for

completely removing the aggregated organic matrix (mainly collagen).
More in particular, the method of the invention comprises:

- obtaining the bone tissue;

- cleaning the bone tissue with tap water thoroughly;

- boiling the bone tissue in the water for 1 hour, consistently removing the
slurry;

- changing the water and continuing to boil for another 1 hour, repeating for a
further two times;

- cleaning the bone tissue thoroughly with deionized water:

- oven-drying for 30 minutes at 220°C:

- autoclaving at 121°C for 15 minutes:

- oven-drying for 2 hours at a temperature high enough to melt and denature
collagen;

- immersing the bone in ethanol for 2 days to further loose the collagen;

- allowing the ethanol to evaporate from the bone by air-drying;

- cutting the bone tissue according to the predetermined shape;

- rinsing the cut bone in ethanol to sterilise it before implantation.
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bi omat eri al obtai ned or obtainable according to the

w9 ﬁp{\ |nvent| on shows a good ost eoconduc“V]‘»’CT/sczoos/ooom
capabi
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ity (that is, it facilitates a successf
recol oni sati on of the grafts). The conposition of the
i npl ant abl e bi omaterial obtained or obtainable 5
according to any enbodi nent of1ghe invention has a .
Ca/P ratio of 1.64, which is slightly |ower than the
natural bone (than human bone as shown in Exanple
.1). US 5,725,579 and US 6,217,614 (both herein

| oy ﬁﬁﬁl%h%lgyblbﬁfa%rﬁ?“&% aind8 %" (ij%lr%bﬂ% AEESH mﬁo'&? the present

preparing an inplanta one organic matri X,
10nventionl ishows, anwgodd |03bemncﬁmiun:aodaarapmul|ht$t(trmngsh it facnlltates a

ris the ste r eat the bone tissue wth a
flﬁrﬁr‘ﬁ%ae?#ag %’?'F??%Pfé‘ﬁaﬂr@hﬁgapt ed to obtain a
tissue containing less than 2%fat on average.

Furkieh Géombb@ﬂu@ho@)@Sﬁeoﬁmb%t%lborbl@\héteri‘ép NBth e tdpe obtainable
step where the bone tissue, been treat

wi @9¢ofdiag tmanydemhogtmwt@f.the aua\Verﬁmt Imas 8 Galb; retw@d @4, which
e ST B3R ORNERE AR o RS WA Oh bR ey i Exampe

proteins. The add| tional chem cal treatnent nay be
carried out using hydrogen peroxide, while the

TS 447 00T s TATE ) it bioed vy e
i, T SRR B P v

oflntcbﬂagen,ewﬁhsmpeoveZDthahlcbla&r@ﬁﬁh donealsir thé §tbpof treating
t.he inplantabl e bionmater

ooba e BRsUR e % tifing sHtrolic R aRIs to btain a tissue

dogsmitaiaing Rss haht 2%”@1‘& rd)ngé\?é}bgé FlAReR tﬁé&?‘é@éssbef‘%e] prior art
but is has a strength conparable to that a natur

bdHEnpPises the stqm@/hﬁ;@ Hib@l behealtsstiediwhjch diasHeeen treated with the

It Inﬁsltfg@gﬁ %\%p%ﬁ&iﬂ%? t%tgq sg.{e%egqtéé ;‘atgl%'adg&@bé g(gﬁrta\?eentlonai9 process

f unvbleingdeRentiedl 6eeHzyrafi® ard=Rmeyelio Mxtract specific proteins. The
additional chemical treatment may be carried out using hydrogen peroxide,
while the enzymatic treatment may be effected by means of a protease. This
additional treatment ensures more effective extraction of the proteins from the
bone tissue and accordingly decreases the risk of rejection of the bone tissue
which has been treated in this way.

'On the contrary, the implantable biomaterial obtained according to the method
of the invention does not have a strength greater than a natural bone, but is
has a strength comparable to that of a natural bone. Further, the method
according to the invention does not require a step of treating the bone tissue
with a ﬂuid in supercritical state and further does not require the removal of
proteins by protease. in fact, the method of the invention comprises removing
the organic matrix within the bone matrix, which consists of collagen fibres

(about 90-95 % of the organic substance, also termed as organic matrix) and



proteins by protease. In fact, the nethod of the

i nvention conprises renoving the organic matrix
Wiot2003111shes bone matrix, which consists of coll G2005/000165
fibres (about 90-95 @6of t he organi c substance, al so
termed as organic matrix) and WO 2005/ 115491

PCT/ S&005/ 000165 19 ground substance. The hardness

of the matrix is due to its cont®nt of .inorganic

salts (hydroxyapatite; about 75% of the dry wei ght of

bone), which becone deposited between col |l agen

fibres. The organic matrix is substantially renoved

by gtdunds tsybsténdeni Theghbhfdaenef the SHatri € i 8hNkd %ontent of
of .the organic 5 matrix substantially conprising

colNgaRIS %a'F%(MﬂéaXmatée aalyous % lif dhe ey Iwmigkhoﬁ/\hone) which

i,mntbtﬁﬁgrrféa; %? ﬂ oetggt]%éleeﬁtéaﬁ &?Eﬁﬂ) é]ngI hforggﬁgd%ggwa@ybstantlally

soremovedfhyr thexsiepl ef boiliad dmehbbne tlé@@@fﬂh@géﬁrﬁalrﬁﬁ@ of the organic
rreth d of &P%qln entlon con‘prlﬁﬁs di ssol ving the

génsu tighy, o¢QraRtisingh celagasy l@er@m\eﬁﬂbwqumm any suitable

pamétﬁ LE 9 e )f n
and oragu';%?vgﬁr@ ydrrégﬂch :&%ﬁﬂﬁ%&&e ?’tlngttﬂg 8°ne tissue with a
suBtlé@lNe sniventadu adiculan # eohsadueows dolvériefarréxaf@le an alcohol.

neghbrHOfotae BRHRA! fie, invenflgn GmptsesmiisgMingthe collagen

bomthta&‘ss)lllﬁéw Which Rayi Be 'eﬂwaﬁib‘l"?irr\cﬁ%&ubﬁl%'r e‘f(?%t @thanolg hydrazine,

Further, the method accordi ng to the inv
10 nofnﬁibﬁﬁ@i sand/ost gganitines rydroghlgnide. e Hosvesier h otiér auitable non-

S o AR B SR T

r ar i a ble biomaterial as |
des FP@@@Q@@‘? ‘?3'0?’ L?I? t”r’ﬁ% %‘? éb’%‘ﬁ'on%sm ti gegnprige a step of
bi oeatingithe boneatiystid whhal Auidfif 'supsASAICE! &a@'?f{?tjther the method
including a human. The present invention al

i n@pafar@%ng ﬁ‘ét%wt'@nﬂo@é nsit comiriseta step Qf(remlra/lng proteins with
b I, th
15 0l Qrﬁb?ééﬁ of 8n Og%rcar & gc t#e{étr?%ﬁ? ral, the

l'antati1 on na pur poses of
repIaC|ng and/ or reconstructing a bone in the body,

f oAcegedipy do @notheroaspegt,ehe enethodf the invention comprises preparing
an implantable biomaterial as described above and further a step of
implanting the biomaterial in a vertebrate. For example a mammal, including é

human. The present invention also includes the cosmetic step of implanting
20 the biomaterial in a vertebrate.

In general, the implantation may be carried out for purposes of replacing
and/or reconstructing a bone in the body, for example as a consequence of an
injury or disease. It may also be used to replace and/or reconstruct
periodontal defects and periodontal regeneration. The implantable biomaterial
25  according to the invention may also be used to bone augmentation in general.
The implantable biomaterial m_éy also be used for cosmetic surgery. For
example, the surgery is performed on a vertebrate, for improving the aesthetic

appearance of the vertebrate on which the biomaterial is being implanted. The



injury or disease. It may al so be used to repl ace
and/ or reconstruct periodontal defects and

wWistdoedgéal regeneration. The inpl antabl e bi ongtesdabs000165
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25 according to the invention may al so be used to bone
augnentation in general. The inplantable biomaterial
may al so be used for cosnetic surgery. For exanple,
the surgery is perfornmed on a ertebrate, for

i mproving the aesthetic appearance of the vertebrate
on which the biomaterial is being inplanted. The WO
2005/ 115491 PCT/ SG005/ 000165 20 vertebrate may be a

mavertebratbomagxsarel MmammENesr BRAMDICE Ry
mamal . For gxanpl e such grglftsm\?\)/oul d brggﬁn%%iggtr%rda non-human

ormﬁﬁ]ﬁ%@dl c applications and in particular when the
graft is put under load, i.e. in particular: spinal

S o t of
dic%ﬁéﬂég@e%ﬁ%ﬁ?g%@% wdtid Bﬁ |%§|8${§§ ﬁa@@og%ephceaeg %ﬂtlgns and in
armartlwibasxthem the geafy jis @Et emti@ﬁyoad)slewdma?émcﬁﬁérs spinal surgery
@hro %\?ﬂ?thellke The i npl ant ab

G TUSIOR A0SR0 IHEThAR st GC); Seaonsitustian of the base
arwrrm@% 1 | h
ang Sam&%lgn%g@??@g%m; gﬁ B&%b?m Béel.gnao%}rﬁ'lr§8§s gfhrodesis,
asangd theriker ary scaffol d V\,here bone cells of the

patient can grow. Since this inplant has the right
conposition and 3-di mensional architecture of a bone,

t MEhd ofiplaneiblsl beraataial |a}éct5r%9'l§&>etﬂehﬁuvégﬁ{>r§ ?%% MhiPal anorganic

natural bone tissue, and natural reno
i RANEhIMPlaRE meat@rinl tmtsba$>almosnﬂwmsahmlooahpammmta§1a human

OSBRSSl S ™5 v tien

i ct&m gm.w Siﬁdmtméamplékﬁcﬁéﬁltﬁé ﬁgﬁt%&rﬁﬁbﬁﬁbna&ﬂ??ﬁ -dimensional

t he nt|o o conprise a further step
e eh iRy Of ebon) o RBWL via mventualll replada shprsceffold vith

t onatiRl dohattRie, EH tr@cﬁrqllg gtc{a‘;el gp?é ?Iaﬁ? ﬁ%%jwﬂlsglso be no

a step of seeding t eri a
t H@eplaanl@aitmsmmh |b®b/l/a¢reth|$ #hplanpandthdtof existing tlssues as they

| an
méé‘ P ﬁwe same material, and have identical structures.

According to a further aspect, the invention may also comprisé a further step
of cultivating the implantable biomaterial in vitro prior to implantation. Further,
the method may comprise a step of seeding the implantablé biomaterial with
the patient’s own isolated cells prior to implantation.

In particular, the composition of the implantable biomaterial obtained or

- obtainable according to any embodiment of the method of the invention has a
CalP ratio of 1.64.

In particular, the method of the invention does not comprise a step of treating
the bone tissue with a fluid in supercritical state.

According to a further aspect, the invention provides an implantable

biomaterial prepared according to any embodiment of the method of the
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In particular, the conposition of the inplantable
bi omateri al obtained or obtainable according to any

wohodimert of the method of the invention has < <
ratio of 1.64. 25 In particular, the method of %FE@Z%D/OOOMD
i nventi on does not conprise a step of treating the

bone tissue with a fluid in supercritical state.

According to a further aspect, 21 the invention

provi des an inplantable biomaterial prepared

according to any enbodi nent of the nethod of the WO

2005/ 115491 PCT/ S&2005/ 000165 21 invention. In

paVeRiiprarin paréculapl thet iniplantabnbioekatakiahps -
rajigg of about 1.64. According to anotlﬂer Ségpgg{f?r?%oeof about

i nvention provides an inplantable biomaterial,
wherein the inplantable biomaterial is nmade from bone

t | Ascordi tob aviwthei | LSq:det by .
SEM EDX"{?ﬁ e e amvedto! IR CvRGT PRORBES BY dmplantable

Sanﬁgﬁf@ bwhsraeria él?_e ffﬂl@'ﬂ?itablgaﬁiasmamria; ’5’ Tg?? (‘;‘}?’2 bone tissue and
aﬁ;;ut 1. gio %‘es?np@gﬁfggeﬁt%)lsi 8%&%5&?5@)&&9 B biomaterial. The
c hioinaderal rhay Vet aro apofdinid Boh ' ; - :
e><tﬁn‘%la.e he bn‘gl ant ablggr bi o?ratggtei@;frawaybggl{@ac}g)& In particular,
wi TR ?f@aiﬂﬁ' Ae'asCalthralign ofahicut db4el I's prior to

i mpl antation. Accordingly, the invention also provides

armHeN iplan®atsie! B i I.sf.hg, the | nplantable )
mat er iI aP pr eparﬂégﬁ%clt:%r_‘ogrl mﬁg%_cghk‘/g@d;%i"ﬁﬁpngr 1@ Henplantation.
retAfoRKaMple; libe iimplatttable. bidheatéfal iayobs esle'ed‘ég' hithahe patient's
LN ool o) tﬁﬁ% hhe bn&l antlabl (te. bi omaterial seeded W

the patient 8 dorHOEE NPlantgligpcor di ng to anot her

aspect, the present invention provides a package or

KiAccoedinglyi shenthviehgoh BEARIRRIS B ' .
descri ggyabove_. The bi orrgt erifﬁ thmﬁ g@gcﬁﬁuliengqmpnsmg the
pé’@R[?diEa P Rpterighprapared eccordirg to AoymmboginientyFithe method of

anmgd h Ctynd tinl Supd Oviyded, a use for the, ) _
pr.epa?‘é’tefg‘ﬁﬁ'ofﬂﬁe'” vithd el citire “may” comprise the  implantable
biomaterial seeded with the patient’s own cells. '

According to another aspect, the present invention provides a package or kit
comprising the implantable biomaterial as described above. The biomaterial
comprised in the package or kit may be sterilised.

According to yet another aspect, it is provided a use for the prebaration of the
implantable biomaterial of any embodiment of the present invention for
implantation in a vertebrate, wherein no collagen is detectable by SEM-EDX
in the implantable biomaterial. The implantable biomaterial may be an

anorganic bone free from organic matrix. In particular, the biomaterial has a
Cal/P ratio of about 1.64.

The implantable biomaterial according to any embodiment of the invention
solves the problems existing in the prior art associated with processing the
bone tissue, and provides an implantable bone tissue with high
osteoinductivity, osteoconductivity, biocompatibility, and comparable



I mpl ant abl e bi omaterial of any enbodi nent of the
present invention for 20 inplantation in a

woShbghEe, wherein no collagen is detectabl e geyr/sG2005000165

10

15

20

25

30

SEM EDX in the inplantable biomaterial. The

i npl ant abl e bi omaterial nmay be an anorganic bone free
fromorganic matrix. In particular, the biomateri al
has a Ca/P ratio of about 1.6% The inplantable

bi omateri al according to any enbodi nent of the
invention 25 solves the problens existing in the
prior art associated with processing the bone tissue,

ameqbradal estremgyth rp| watlied | o iRO ot ﬁl%tﬁ'téﬁtl&hlthﬂsgé‘ very low cost
ost 80| ndg:t ivity, osteoconductivit bi oconpati br | r{/

RiRCesdp 35@s avirsalgzoregt ezwmammaeseczz
mechanl cal strength to natural bone. Myst inportantly,
it is avery lowcost and sinple process to treat

arfﬁunﬂmler baxha@nitaged eofmtien envemiamoaﬁ@l thBtIrdlinge 3HB88EH9E Snvolves
ntion are &Eat all the processing involves

S rabital s TeRnaRd Silhaonsnts wihalosiaardions, prpases, and
|
fb\ie?fﬁgglg éétlflgggg% tf?é‘ﬁoné"'t&gﬁ’é”\m E9Wdid 7Y 2 %S&%Hgﬂ@cal state.

na sup arery i
Tﬁ'd_ﬂer emmtedi bailing nyopess:mlsi/candbtmsoulct tres’mem are excellent for

are excel l ent for rupting the bon
R, ARRCRIUE (BTEW: R N KBy shaniging de physical and
craammcvél iP5 peRIcs! @r&hefbdﬂées&.grb% S&@écfr&'ng to/%ﬁ§ ‘?ﬁ\%mﬁnt, the ECM
wecells w

the invention, the ECM 10 and bone marr
b@ndehene dnanrow cels itihbet lremmeechfrdnmﬁhe/ bbhe tisseeand only the

S o) il .remain. Such a material has al nost the

SEBbe Xeiibld wl FiIBa, Spithis BratBuAay ainicst dhd eims Broperties as
hlagmatuﬂ.fﬁt popenduclis Vﬁweréfdﬁ'esﬂf Iy ObstebHBﬁ&UHtﬁr@ OQnF safe for
W, thout the rjisk of viral infecti'on or inmmno
r dPE@niaien whertthegistool \Gen énfaction demub@l@gtm rejection.
invention, the same will be nore readily understood
t hr ough reference to the foll ow ng exanpl es which are
provided by way of illustration, and are not intended
t dldving inoivt gegerlytdescpibed ethe invention, ities same will be more readily

understood through reference to the following examples which are provided

by way of illustration, and are not intended to be limiting of the present

invention.

Examples

Example 1

Natural bones of essentially all vertebrates have a basic structure of
hydroxyapatite (HA), formulated as [Ca1o(PO4)s(OH)2]. However, crystals of
HA found in biological tissues such as bone, enamel, dentin and other
calcified tissues contain other atoms and ions such as acid phosphate groups
(HPO4*), carbonate ions (CO4%), magnesium (Mg), fluorine (F) (LeGeros RZ.,
Crystal Growth Charact. 1981; 4:1-45; Rey C, et al., Calcif. Tissue Int. 1991:
49:251-258). Bone crystals either do not contain hydroxyl group or contain
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20 Exanples Exanple 1 25 Natural bones of essentially

all vertebrates have a basic structure of

wapdisongapatite (HA), fornul ated as [ Cai o( PO4) W]}Oimooms
However, crystals of HA found in biological tissues
such as bone, enanel, dentin and other calcified

ti ssues contain other atons and ions such as acid
phosphat e groups (HP042"), cardonate ions (CO32"),

magnesi um (My), fluorine (F) (LeCGeros RZ., 30 Crystal

G owh Charact. 1981; 4:1-45; Rey C, et al., Calcif.

Tissue Int. 1991; 49:251-258). Bone crystals either

doverytfewosuali grawymy, orfdrregt U 0ErHPAtA]
2005/ L5091 PCT/ﬁGzoggl ot 28s earofats bpatld rather than HA (Bonar
groapE’ Aret BPREMIST e%a“rg@&héﬂ@dﬁé’ﬁg-tﬁm gtdwgrs offetbonate and

. 4 1991
pps ket 8y ST B e, i

bofesUltr st @ sirapertaal atole einy theasbode efRAthtvAl YmAtdraN&ation and
whs: ) | t~LD.ap- gportant role in the bone
f odrjlrgrgk?llugﬁ? ktrr%%éfbaﬁ Rgaﬁ?%ﬂ '\Zgrd C(aj'%i é@%ﬂ 188% 11 7(4 194295

"RZ. Tung MS., Caries Res. 1983; 17:419-429). The

Lori n% of s¥nt heti c HA preparation for bone
sublit MAlR¥G gf sywiheligri Adrreparation gombamsl sdbsttufet are of synthetic

stan I j |y fromthe biological
ca?@ﬁ%@phd{ogp at g“@%‘i%&% é”PnC'b%ﬂl&@!'y Lﬁ@@gthe biological calcium
hyphasphateat idrgsiass esisentiopkly Hr&on i Qg%gértﬁ?grgs t P?g:sentially

resorption rate of HAis only 5-15 % m
J é’cﬁ]‘%g&&%?k? ang ¥ispresprptianoiatt ofHA ig@blly 5315 % per year (Fleming

ol R LA R B AL S A P Calmphospnat
i E1syk . ylvania
g Ld;?ﬂi'n?déﬁglfl glt L ?%@,2?2#&%@; uﬁ'@%%ey Isﬂr‘vtﬁ%hg Cct@gg@gm%tt@{)g%hate crystals
céiediat anly ehenisaby rard sfruenmallyhdigtnct from the apatite crystals of
bones, but in some cases, they contain varying amounts of amorlphous'
calcium phosphate, which are not crystalline at all (Fleming JE Jr., et al.,
Orhop Clin North Am. 2000: 31: 357-374; Truumees E, Herkowitz HN., Univ of
Pennsylvania Orthopaedic J 1999: 12:77-88; Bohner M., Injury. 2000: 31:.
SD37-SD47). In some cases, synthetic calcium phosphate also contains
calcium salts such as calcium oxides. These additional calcium salts have
been the subject of an extensively long term study to investigate the effect on
bone mineralisation, dissolution and further biological functions related to
osteoblasts.

Natural bones contain approximately one third of organic constituents and the
major component of them is collagen fibrils (Cohen-Solal L, et al., Proc Natl
Acad Sci U S A. 1979; 76:4327-4330). The covalently phosphorous bond of
collagen or non-collagenous proteins with apatite in bone makes it difficult to

isolate natural animal bones from organic matrix without producing significant
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cal ci um phosphate, which are not crystalline at all
(Flem'ng JE Jr., et al. Orhop din North Am 2000;

4 Tr uumees E Herkowitz HN., Univ <
e%ﬂ?sy? vania Orthopaedic J 1999; 12: 77- 88; Boﬁ%%yswo’osmooma
[ njury. 2000: 31: 20 SD37-SD47). In some cases,
synthetic cal ci um phosphate al so contains cal ci um
salts such as cal ci um oxi des. %TA{}ese addi ti onal cal cium
salts have been the subject of an extensively |ong
termstudy to investigate the effect on bone
m' neral i sati on, dissolution and further biol ogical

u i.ons Iatedt osfepbl asts.. 25 t | bagne

cShEboR® G e rrafy Rk Shrpfie 3 Sysbinfidkee’ 1St al., 4 Dent
COR&S. i 1 9BEt s7a1rmgtm4)rrahoanﬁ@mm§tué?ﬁg td"r@rgaﬁ:c bones, good
col | agen fibrils (Cohen-Solal L, et al., Proc

ﬁae@mnducng qwgmte@ramsmanesgpodTd@feQb\ras@hmpy in various

orALBHRRS eerBe, Bemdif AT IRRASH T AR ARG ¥ Glp Periodont

| ST98: @R 14128; ‘aaurrglc hﬁﬁﬂs Iht QIO Qi fa@ K 1999; 14:72- 76;
wi t hout produci ng sgg i cant WO 2005/ 1 15491

pEArERE gyl 66 85 Nt CUﬁbNb@%"qfﬁC owe 1908 B939-948). However,

TRE WFSIF PRI RS, dityGilactlc suelRs (sofdihi MF, et al,
anbOghtoi Bebon@aT; @244 a5, denoer 83, af aly, It J Oral Maxilofac Impl
o T P S BaBnenE Rbnet ol loriREHoPHSAR 448 7511, Such as a
atreduée@réﬁsﬁh@b‘%@l%éch%lé&9§re%6 a%n%cé@of Qéfygta@saﬁén and a
al ., Int Oral Maxil I ofac 14:72-7

Ldﬂ%ﬂicﬁﬂl‘mwﬂ H& salts., Int J Oral Maxi | | of ac In‘pl 1998;
13: 639-646) . Hovvever there are certain

CoEBEA R B APAL S B350, S5 ERI aarny o
etcathpositions anGraropbiics, Indrac of mplich at@6ry differdit ﬁﬁm those of
Ras ant [ mat er. 1994 1% 433-437)

W&aé@&we?ftﬁqmea%on@f; BigiCisg1ang; 9@@5 implant materials
Iﬁrrﬁéﬁﬁénéﬁcer @Fthésél@édjléﬁhd @of w nfandisi Yr} {TPJHWH Higgler AH,

salts. Commercial and exper men bone gra

malKenemEs$l, cetitashiobleftevaun enfallbeéinde 216. Berlin: Springer' 1991. p11;
Lorenzoni M,et al., Int J Oral Maxillofac Imp! 1998; 13:639-646; McAllister BS,
et al, Int J Periodont Restor Dent 1998; 18:227-239). Inorganic calcium
derivatives are frequently used such as phosphate ceramics, tricalcium
phosphate, calcium phosphate cements, nanoparticle HA and calcium
sulphate. The physicochemical properties of these materidls had been
investigated depending on their interfaces with host bone and described as
bioinert or bioactive. Although bioceramics provide a scaffold for the ingrowths

_ of bone from the adjacent host bone, they have no inherent bone forming
ability and also provide limited mechanical strength and hindered by the
variable resorption (Jarcho M., Clin Orthop. 198l;157:259-278). Alternatively,
natural bone minerals have been clinically used in various situations to
facilitate the growth of new bones into osseous defects (Richardson CR, et
al., J Clin Periodont. 1999; 26:421-428; Young C, et al., Int J Oral Maxillofac



conpositions and properties, many of which are very
different fromthose of natural bones (Boyne PJ.

voonperiison of Bi o-Oss and ot her inplant materi lc§/56200s/000165

i n mai ntenance of the alveolar ridge of the nmandi bul e

in man. In: Huggler AH, Kuner EH, editors. Heft'e zur

unfal | hei nde 216. Berlin: Springer' 1991. pl1l;

Lorenzoni Met at., Int J Oral 2¢axillofac | npl 1998;

13: 639-646; MAllister BS, et al., Int J Periodont

Restor Dent 1998; 18:227-239). Inorganic calcium

derivatives are frequently used such as phosphate

Calfrfili 1500, 11478170, UBr3RHMORRNAL AL, FRI.COHEN RRBIRSBEmDI. 1998;
cenents, nanoparticle HA and cal cium sul phate. e -
phl&B39E4&i cal properties of these materials had been

i nvesti gated depending on their interfaces with host

bone and described as bioinert or bioactive. Al though

bi r!ﬁ% j a i ngr f s
boﬁgg romstahaéé%\cﬁ?ig@eﬁt oi;r{v%bg%@%?{%)é anggeS %&8%%”8 for purifying
| et eal tbden éreoofirorgrn®d neditriki withandisduptingr el Aatural crystalline
li r?écgd hani cal st }gngt_h ancLl hindered by the _
vatTypyie- o FRRTEGHTSPEPEHS aPhagised i PRyicorhemical properties
154itR %% ditPor XRDL 5413415 VEEX1-ED)ELHY %e&ﬁ%ﬂﬁ:éf“a'ﬁ%@ﬁticity test,
have been clinically used 1n various situations to
facilitate the growh of new bones into osseous

defects (Richardson CR, et at., J din Periodont.
1999; 26:421-428; Young C, et at., Int J Oal

' i %13/3,)@%9 /,115491 PCT/ S&005/ 000165 25 | npl
1'\/818@%1‘{%@ - 70, Bgrdénzoni M et al., Int J Oal

Maxi |l ofac Inpl. 1998, 13:639-646). The nethod
according to the invention represents a procedure for
i fyi atural bone free of organic matrix w thout

puLi fyin /

10 qi SFRPRINelactrammirsgscarysinyestigationss  ycture. The
characterisation is enphasised in physico-cheni cal
pf'Dﬁ@fa_Irio@?aNVctdbrﬁdfm #ndl spbngfiBBa vk SWere HENBEIRY A x 1 cm x
mechani cal and el asticity test. .Materials and
MVe@ o s 1oeforaniring attaciaved dscingdieated imibet ipgapamation of an

anorganic bone. Scanning electron microscopic (SEM) investigations were
carried out on the basic prepared anorganic porcine bone with dense and
15  sponge and the surface of crystalline structure from the bone. The studies
were carried out after sputtering the samples with gold.
The crystalline structures. from the dense and spongiosa anorganic bones
were observed and constituents of each crystalline were analysed by SEM-
EDX (Hitachi 4200).

20

Determination of physical properties
Mechanical strength and elastic modulus testing method

Cortical bones from treated porcine femora were cut into 5 mm x 3 mm x 6

mm dimension typically. The bones were loaded along the longitudinal axis on
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anor gani ¢ bone. Scanning electron m croscopic §§§ 2005/000163

i nvestigations were carried out on the basic prepared

anor gani ¢ porcine bone with dense and 15 sponge and

the surface of crystalline str2@ture fromthe bone.

The studies were carried out after sputtering the

sanples with gold. The crystalline structures fromthe
dense and spongi osa anorgani ¢ bones were observed and
CORstidri B3a6s (IaétréRch igh! i AN

EDX (Hi t achi (4200).. S?d@‘gﬁ'gbm%@t’[%nmﬁ' 8%%?@%?‘; sPelld of the
pr@Per twas leamwaimival At detayt wasnebliectest i foomoduy usone with an

t EnrBATERIAI R 67 Bormal 23+t x 6 i ansi on
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was collected fromdry bone with an environnental
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renmpbve organic matrix an anorgani c cal ci um
phosphate scaffolds fromthe dense and spongi osa
bones. The

Isolation of natural bone free of organic matrix

A method was developed to remove organic matrix. and yields anorganic
calcium phosphate scaffolds from the dense and spongiosa bones. The
isolation of natural bone free from organic matrix (the implantable biomaterial)

was prepared according to the stages as follows.

Anorganic porcine bone (APB) preparation

The anorganic porcine bone (APB) was obtained by removing the epiphyseal

and diahyseal region of fresh swine femora.

Preparation of porcine long bones

A fresh porcine long bone chopped into several pieces was obtained from the
slaughterhouse. Pieces of approximately 1-3 cm® were cut for further
treatment. The pieces of bone were cleaned with tap water thoroughly and
boiled in the water for 2 hrs with frequent changing of the water approximately

every 30 minutes to remove the slurry. The material was cleaned with water
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di Sisppoiativnest srgamAArigebhbtitueas partially renoved by
such treatment. Under 5 Such treatnent, bone marrow

vvas conpl etely renoved. Dissociation of bone matrix
?\tlt ents After dr%l ng, the material was autocl aved
ipgr the mataiad vas awedaved at ifi24e@ for 15 mlnutes to have

st ne were i mersed in
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freﬁh 70% al cohol for each 30- m n period
e material was replaced with fresh 70% alcohol for each 30- min period.
The ultrasound procedure was performed for a period of 2 to 3 minutes at 270
watts, 63 kHz, peak output frequency. Fihally, the treated material was

autoclaved in 70 % alcohol ét 121 °C for 15 min to have maximal sterilisation.

The architecture of trabecular and cortical bones was kept infact within a
smaller size of dimension. The structures of the treated bones were shaped

and sized between 3 cm and 0.5 cm in this experimental study.

Characterisation of anorganie Xenografts

~ Crystalline structure by XRD

To determine the composition of different minerals of anorganic porcine bone
after several stages of treatment, X-ray diffraction (XRD) was used for the

fingerprint characterisation of the crystal structure and to determine its
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o the process of bone formation.

Chemical composition determined by SEM-EDX

The overall composition of anorganic porcine bone had been analysed by
scanning electron microscopy-energy dispersive x-ray spectroscopy (SEM-
EDX, Hitachi 4200) (Figures 4 and 5). The treated materials retained the
natural mineral content of the bone, which have a typical Ca/P ratio of 1.64,
slightly lower than the human bone, which is around 1.71 (Ref: LeGeros, R.Z.,
Apatites in biological system. Prog. Crystal Growth Charact., 4, 1-45, 1981).
In addition to the standard Ca/P ratio indicating the composition of HA, there
were other minerals such as Mg found in the anorganic porcine bone. This

may possibly be one of the reasons that make the HA have a lower ratio
compared to the human bone.
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Physical properties

The measurement showed that the compressive strength of an anorganic
cortical bone was 40.9 MPa, which is in the same range as compared to that
of the human cortical bone, which is 40 MPa. The synthetic HA showed high
compressive strength that represents a high stiffness énd a high density for

synthetic materials in comparison to the surrounding host recipient bone.

The modulus of elasticity for anorganic cortical bone was 1.1 Gpa in maximal
strength, and the average strength was around 621.4 MPa. On the other
hand, synthetic HA showed a higher modulus of elasticity (34-100 Gpa) and
resulted in low flexibility.
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314618 2P lgure7B)

Elements | Ca (o] Mg Al C P

Atomic % | 0.43 53.43 0.001 0.002 46.14 -

Table 3 (Figure 7C)

Elements Ca 0O Mg Al C P

Atomic % 6.83 68.71 - 0.36 17.08 7.01

Tabie 4 (Figure 7D)

Elements | Ca o Mg Al c P Na

Atomic % 1.45 30.63 0.001 0.81 63.28 3.77 0.001

Distribution of non-homogenous constituents of crystallines in

anorganic dense and spongiosa bones

Chemical composition of individual crystallines in anorganic dense bones

Although there are typical structures from natural bones as indicated by
Figures 6, 7 and 8, it is possible to differentiate several different kinds of

unique crystallines from dense and spongiosa bones. The chemical
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fol‘a'émpared to the overall crystal structure of the anorganic porcine bone in
Figures 4 and 5. The ratio of Ca/P of each individual crystalline was all below

1. The atomic % of aluminium (Al) had a very variable range within these four

20 crystalline structures. The smallest % of Al is 0.02% in dense 2 (Figure 7B,
Table 2) and could be 400 X increments in dense 4 (Figure 7D, Table 4). |

Compared to the dense bone, the six crystalline structures from the spongiosa
bone showed similar constituents with different element combination (Figures
8A-F, sponges 1to 6 respectively). Four of the six crystalline structures were

25 deficient in the element Al, and the atomic % of Al in the spongiosa 1 and 2
was quite equivalent. The ratio of Ca/P of all crystalline structures was below

~ 1, similar to the crystalline structures from the dense bone. It was also
observed that there was a higher atomic percentage of sodium in the

spongiosa bone than in the dense bone.
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The results from the SEM-EDX analysis demonstrated that the porcine natural
bone has overall similar components as th_e natural bone as the Ca/P, which
is 1.64. Interestingly, there is non-homogenous distribution of basic elements
like 'Ca, P, C, O, and Mg in most of the area based on the crystalline
structures. Extra elements such as Al and Na, if not all, are commonly added
in different crystalline structures, as some of crystallines may not consist of
some basic elements like P, C, and/or Mg.

Discussion

In this experiment, the data clearly demonstrates that the method of the
invention for preparing an anorganic porcine bone (implantable biomaterial)
maintains the intact architecture, the crystal structure and the chemical
components of dense and spongiosa bone analysed by XRD and SEM-EDX.
The Ca/P ratio of APB (1.64) is slightly lower than the hydroxyapatite (1.67).
Biological apatites differ from the pure HA in composition, crystal size and
morphology as determined by age, other minor elements such as Mg,

carbonate, Na, Cl, phosphate, etc. and trace elements such as strontium, Sr;
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in terms of carbonate apatite with minor Mg substitutes. The ABP also well

preserves physical properties in terms of mechanical strength, elasticity and
crystalline structures including macropores, micropores and intercrystalline

spaces.

During the process of preparing the anorganic porcine bone, critical
considerations taken into account included mild solvent treatment, where only
70 % ethanol was applied; maintaining the temperature below 210°C, in order
to avoid of high temperature which may have induced changes in the crystal
structure. When the crystal structures of the bone are heated to temperatures
above 400°C, recrystallisation occurs and the crystals tend to grow, thus
causing the structure and chemical components to change (Raspanti M, et al.,
Biomater 1994; 15:433-437).
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wel | as apoptosis. A synthetic material produced in
the laboratory has not replicated the conplex 10

sur,f ace of tural porcine bone as in Fig

ol S e Mo A0S, BRBIRS BPje Falan e pRuER Pweral content of
COMROBbA el s coRsl

furt th guf/\)hﬁ:rﬁbf t he fct)l(r‘)rébl exi tg*%gt% loor?%gé’g)aféﬁ'i‘go synthetic
fthGFOWGPafﬁg gBI forel i oer anorganlajl pbmﬂeelt ibmneonhasd a  high

§§ﬁé§é/§‘ﬁ1§h§§ [ﬁt@h% E&%gt&eke]cf @81?(—? %eaﬂi\ﬁf%fﬁﬁé large surface for

al fMerictivhdes ¢drﬂedt5tm@epldumeh§@nap ﬁﬁudt@@ur;eseﬁ)lwe}éqmred for
as a network of conbination of biomaterials

cofifiesiing b egllreliferationydifierentigtiosoas wellasdepontasisi s
not easy to be reproduced by any synthetic naterials.
20 Exanple 2 Dissolution of organic bone An anorganic

boWesyrﬁhem: mdésrial ipirodedett ingtheflatsoratory iNasmatneplicited dhe complex
H:gl ssol t| on[rlo f)Cl pitation. The anor gani c
10porstfﬁ% n'éa UFE} ROTGINE, DGRRI @S hownk in Figyret Bi kachninique non-

h
NSRRI 3| QAR UHENE ) SRS iose ang
I'i diehee ibonenfovihen bailds wipethedegoplekity me«bﬂowhabbseéﬁdrb@ fes directing
giuﬁ;]e ?pr?ﬁf%zgae} I‘Y‘E %%:n ta:qxi\%gé%rllé lrtglmz?t?pé'\ e nattural bone does
di $:90bHlyi Sk ieePiePsdirte 9or Bhildiny Shahki fsy %@nét rtlé?édl bfSvides the

fromthe anorgani c porcine bone encountered wt
15wi cRaRicRied o strucbug msPeeil eeza)oewﬂnbmeombmatnon of biomaterials.

Such a complicated system for directing bone remodelling is not easy to be

reproduced by any synthetic materials.

20 Example2

Dissolution of organic bone

An anorganic bone is an ideal biomaterial for in vitro analysis of bone
25  dissolution/precipitation. The anorganic porcine bone, free of organic matrix,
maintains the physicochemical properties and crystalline structures as the
natural bone (as shown in Example 1). However, little is known about the
deposition of natural bones due to certain experimental difficulties. Thus, the
aim of this Example is to investigate the dissolution/precipitation of crystalline

30 structures from the anorganic porcine bone encountered with or without
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several elenments including Ca and/or P. The ratios of
Ca/P are less than 1 in all deposits as the

di ssolution rate of each el enent depends on the 5
conmposition of each correspon@éng site. The present

i nventors have reported that non-honogenous
distribution of essential/trace elenments along the
cortical and spongy bones. The commonly proposed

g@@p!a\%ﬁ% la)Hdnfb %ﬁ@é‘%m Bbsdl}8tions related to bone

Iroac " bi ol ogi anorgani c apatite invol ves
t hﬂnendalhsakndwt umderoftheabbymmogpmts shadidipnsi I Theordepagits contain

trace/ enti al men th
A@emrafﬁéqryenwec e CaasEon B o8 & CellPiengoqshan 1 n
agseb HESIR/ 8 emePididbhRidn Ecé%mbﬁ eachl elémenefddpends on the
ferent fromthe Ca/P ratio of 64 of the

cauapmmsmomno{)ea@rheowegmnctng@ﬂe Eﬂbteaprﬁeanﬁ iRveRigp ihave reported
1 t I d th Al

oo B A Bh S RBE0E BB atong e
' 'Hé'r‘tﬂié‘l Hldespbrppbentdl The %nmnqbbmmmmelchamsm underlying

nmple 1. e treated sanpl es were autocl ave %g
f dhe Peenpmermf of et tagaq:th@ty QirRielogica! @W@%ﬁ'ﬁéﬁ’% itg jpolves the
t

qag%zfﬁ“o%{ gg%%‘lecﬁlgﬁa:pﬁagghgtt%ggtllﬁ,rg‘ﬁggfwglcttérge? ée?ﬁlﬁl Ega‘?ﬁents from

sqaéfa@bdtesterrred BDS (BD Bi osci encez, Bedford USA) ,

was used as a control. 25 Cell culture procedure
Osteobl astic cells, MZ3T3-E1l, were cultivated in

a ﬁ@é{ﬁbl)ﬁ%ﬁ@ 'éé/@" rafBs| (oggéé é&@@ re§}l'ﬂ°<5’l1 PEEAE Sslutibh/Brecipitation

oVIi ne serum
Example 2 are therefore different from the Cal/P ratio of 1.64 of the

composition of the organic bone obtained in Example 1.
Materials and methods

Anorganic porcine bone

The anorganic porcine bone (APB) (also indicated as implantable biomaterial)
was obtained as in Example 1. The treated samples were autoclaved (121°C
for 15 min) before testing. Under such treatment, the trabecular and cortical
bone architectures were kept intact. A commercially synthetic calcium
phosphate scaffold, termed BDS (BD Biosciencez, Bedford, USA), was used
as a control.

Cell culture procedure

Osteoblastic cells, MC3T3-E1, were cultivated in a-minimal essential medium
(MEM), supplemented with 10% fetal bovine serum (FBS), 50 Umi™
streptomycin and 50 ugmi™ penicillin (Gibco). Myoblastic cells, C2C12, were
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streptomycin and 50 pgm -' penicillin (G bco).
- Myobl astic cells, C2Cl12, were WO 2005/115491
WRCTN0S@XA06/ 000165 37 cultivated in Dul becco' spcr/sG2005/000165
nodi fi ed Eagle's nmedi um contai ning 4nM glutam ne, 1.5
g/ L sodi um bi carbonate and 4.5 g/ L glucose, 10% of FBS
and 50 UM -' streptonycin and 50 pgm" penicillin
(G bco). Cbservations of cell @8rphology were
performed using an inverted phase contrast |ight
m croscope (A ynmpus, 5 CKX41). Preparation of
Scaf f ol ds The anorgani ¢ porci ne bone (APB) was
ProaRiaest #6 Daliserbisohibdified Eadié™s méiumOsBRA R |4)hM lutamine,
synthetic cal ci um phosphate (BDS; BD Bi osci ences) r%n
. rl -5 mil ioglitn diicavonate angs4d oA th@%&pé@?/mﬁFBS and 50 Um!™

L T T p——

Cwi/érerpﬁerfﬁfrdteﬁ ﬁs’lh‘glard awerted phasd RBnRLSARHE nﬁ’if:rd%fc%pe (Olympus,

incubation of scaffolds with nedia is to conpletel
hyef%#t)-t he scaffolds. 15 Ln vitro nineralization The
0.5 cnB scaffold was placed in-a 24-well plate.
Approximately 5 X 106 cells in 1 m of culture nedia
wePrepaestidedof@daffdide scaf f ol ds and incubated at 37C
over ni ght. The medl a was changed every 4 days unti |

end of the xper rE 5) Anal yses Al kal i ne
AP g ger an.en@pﬁ YRREBETeRL 2  TGATIRIg of 0.5 cm. A
Di
Wetﬁ\)t?gl,@r% |HI§; QQntﬁ@n ate DY gﬂsag [ggr I%Q:Bééﬁggﬁc?si ) 5 mm in

pl dismeten whas alsotﬁmd lnnthmmnmemat ed with APB of 1
mBfor 1-, 2- and 3- days, individually. At the tine
indicated, the cells were rinsed twice with ice cold

PHR &idlr fo%tudy the deposition of minerals, the scaffolds of APB and BDS
were pre-incubated in culture media for 1 day at 37°C. The purpose of pre-

incubation of scaffolds with media is to completely hydrate the scaffolds.

In vitro mineralization

The 0.5 cm® scaffold was placed in a 24-well plate. Approximately 5 X 10°
cells in 1 ml of culture media were seeded onto the scaffolds and incubated at
37°C overnight. The media was changed every 4 days until the end of the
experiment.

Analyses

Alkaline phosphatase assay

Akaline phosphatase acﬁvity was measured using AP Assay Kit (Sigma
Diagnostics, Switzerland). In brief, late passage cells in 12-well plates with
either no APB or treated with APB of 1 mm3for 1-, 2- and 3- days, individually.
At the time indicated, the cells were rinsed twice with ice cold PBS (pH 7.4)
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inice cold PBS, then centrifuged at 600 X g for 2

 thos pel l et was resuspended in 6 u | of i .
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sanple (2 pL) was added in the 10
sol ubi i sed solution, pH 10.5 (5mM Tri s, 100nmM
glycine, and 0.1% TritonX-100) and lysed for 5 mn.
at roomtenperature. The 5 soldkilised sanples were
nmeasured at OD450. Al kal i ne phosphase was expressed

.as nnol p-nitrophenol phosphate per p g protein/ mn.

total proteins to get |UL/pg). Total protein was
MeARUFatsB¥nd&e irBice- d3d FHS! fih @éﬁﬁ%gléﬂtatléoq %%n?cgaggnin. The

G attbrugg, Swtzerland) using bovine“serum a
a palighovasiresLepended insSi oh ofl icet cald PBSr dbeopgmple(PyuL) was
di spersive x-ray spectroscopy The nedia was ana%sed

ord inthg 18 ulaof solkbilised seditios, pHHE SHaEW Tsis, 100mM glycine,
S 8L ASLESOON ) SR R B b e The
wesghubifise sepeples ofvese erticagurédeatmediD 2, f IAIKallriee phosphase was
cul ture s coll ec.&ed respectively. The col|ected 3
nRieesad 68 AMY PoRjRAPRENG 19etsPhata PaF 4 ABTle /M. fotal proteins
' Th 100 | of th di .
S LS i bl e i e b SR TR By

t qEpeRad UGRttoflgy, SSwietsdndy Wisthg BEVieSef AW NN 4da dtandard.
pi ece of filter paper and the grid was air-dried.

Scanni ng el ectron m croscopy-energy dispersive Xx-ray

S The_ ped a al I . & congal nj
oCrEISaERRn,{ FeRBH R, HifeRbsbPi el “HighlidVe  xray
wespectnasyopyl. The nedia was renoved and the 25

cipitates on the coverslips were air-dried,

t he
ggﬁ?%gﬂn I8 YVag, angtyeed 4 Aaxs veped éﬁalwiséﬁﬁ'tﬂnéﬂhéﬁiﬁglaé based on
Sf;@?‘zf“_ispg?i%% BT PRe RAG, BipeiSBSL ) EpdtfRbopy (Jeo

After 1 week and 2 weeks of seeding, the media from the culture was
collected, respectively. The collected media was centrifuged at 3,000 rpm for

10 min to remove the cell debris. Then 100 x| of the media was absorbed on

the carbon coated TEM copper grid at room temperature. The excess liquid
was removed with a piece of filter paper and the grid was air-dried.

Scanning electron microscopy-enerqy dispersive x-ray spectroscopy

The media alone or the media containing osteoblasts with APB on the
coverslips for 2 weeks were analysed. The media was removed and the
precipitates on the coverslips were air-dried, then coated with Au. The
samples were analysed by using a scanning electron microscopy-energy
dispersive x-ray spectroscopy (SEM-EDX, Hitachi 4200).
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diffraction X-ray diffraction (XRD) was recorded with
YOSHPMBEI diffractoneter (? CuKa, 30 mA, 40KWCT/SG2005/000165
equi pped with a graphite back-nonochronmato, using ..

the stepscan procedure with a 0.02 sanpling pitch and

a 2/mn scan rate. The 5 nedia was individually

absorbed in the sponge with thé9size of 2 nmmB8 at room
tenperature and dried in air. Results 10 Culture

Mor phol ogy The anorgani c porci ne bone (APB) of 5 mMB

was seeded with the osteoblasts, MC3T3-El. After 14
daXarayrdiffeattion, the cel |l norphol ogy was observed

under |jght mcroscopy. The cells encountered with APB
me%(era&s@éfgﬁ%@n {BRMavas reoprdsd withray Shirdadnagifragtometer (ACuKa,

t d Fi gk . The_| t h_of 15 :
S0 SR8 LS BRg Rln, & BB b8 Raosiromatonaising the
nostepbcare precdtiutte awitly ar §.0Rr sAPliRg pRBRRMANG I/ hif€scan rate. The
averegge size of, 30 am (Figure 9A). Such el ongated

5 cemediqwas ingividughy abseredrarihe spopge vithibesizaofi Baned at room
Wi Btur@™Hng Wiécpﬁ’\uéir.d ose contact (data not shown).

In addition, an increase in the nunber of incubation
days of cells with APB correlated with elevated | evels
of .20 gl kal i ne phosphatase activity (Figure 10), which
i sRﬁngﬁker for osteoblasts differentiation. There
was no obvi ous change of ALP when the nedi a was
collected fromthe osteoblastic cells alone. Taken

10 t oGaltuece Mompdedogiyndi ngs i ndicate that the APB

rovi ded a suitabl e _envi ne for, in vitro anal yses
ot TG SPRBHIIS PORG PRBS 4 BBASE SATMEcHRS Perdast Win. hessteoblasts,
ThRidPIraney i gaxat 14r Mé%salihédﬁlﬁatfbw, UREUEES HPIhBb ) Ras observed
i ncubated with osteoblasts cells

under light microscopy. The cells encountered with APB were observed to

have a very elongated shape with smooth edges (Figure 9B). The length of

15 APB-directed cells could be extended to 200 xm as the normal cells had a
very irregular shape with the average size of 30 um (Figure 9A). Such

elongated cells were only observed when the cells were incubated with APB
only without close contact (data not shown). In addition, an increase in the
number of incubation days of cells with APB correlated with elevated levels of
20 alkaline phosphatase activity (Figure 10), which is a marker for osteoblasts
differentiatibn. There was no obvious change of ALP when the media was
collected from the osteoblastic cells alone. Taken together,. these findings
indicafe that the APB provided a suitable environment for in vitro analyses of
osteoblasts in the process of bone formation. |
25
The formation of crystalline structures during APB incubated with
osteoblasts cells
During the incubation of osteoblasts and APB, some crystalline structures
were mineralised and precipitated in the dish (Fig. 11A-C). The shell-like

30 structures with a very organised order either with pore-like structures (Fig.
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30 structures with a very organised order either wt
pore-like structures (Fig. WD 2005/115491

PCT/ SG2005/ 000165 40 11 A),. straight lines (Fig. 11
B) or both (Fig. 11 C on theggurface. These
crystalline structures will formfollow ng a straight
route froma smaller size and extend to a bigger
size. 5 Analysis of conponents deposited fromthe

Z‘Eﬂl\gaﬁﬁ‘r’%ﬁt?‘c?%ﬁéh 1D B GFRE, 1057 oy B srace. These

ystaiind BEUctsires Glillferm rfolowingoa esttaight routatfrom & emaller size
cel | differentjation as well as bone formation. 10

TABA eXjrnd teembigger Sizgpl e 1 showed that the dense and
spongy bones generally contained P, 0, C, Ca and My
by SEM EDX. Non- honbgenous di stribution of P, 0, C
CAnalysisNsf, camgolgnits depdsitadyfroah theenedn cbstinbg cells with
vvit%n dense and spongy APB. There were different

rati os of Ca/P of 15 each individual crystalline

?Eh%f&i‘é%@luﬂ@ﬁ%%ﬁ@ id B%rélﬁé'bon-@%n@ méT%l’ﬁhéitI&ﬁﬂ of crystalline

structure Is conplicated not on t he 3-
arstrbbttmetmmei,deblteail Etﬁom|om®moﬁ&rﬂlf%rerﬁ@@ﬁn as We“ as bone
%rSt |line structure. To exam ne the deposits from
"a containing cells with APB, osteobl astic
ceI s were plated in a concentrat ed manner (6 X 105
cells/ m) into the APB wi a size of 0.5
AfTther eypeimesk obfExaippisarli @howeanﬁb@ﬁéhﬁ gﬂmjﬁr@ \SP%HQV bones

SSEREBUNGEN IR 3050, LY 804,08 B PP PR homogenous
Saﬂﬁrlbﬂtﬂmm ofiRt, foUC, A% Alnie; erdsMgam aaehi caygstalline was observed
g%ﬁhﬁg qugggf@eg%@ggpgmﬁl{’ﬁg%ggggﬁrgwﬁe&%@ e rafJ ios of Ca/P of
each individual crystalline structure depending on the loci. The 3-dimensional
(3-D) structure is complicated not only by the 3-D architecture, but also the
component of each crystalline structure. To examine the deposits from the
media containing cells with APB, osteoblastic cells were plated in a
concentrated manner (6 X 10° cells/ ml) into the APB with a size of 0.5 mm®.
After one week of incubation, component analysis from several distinguished
crystalfine structures under such conditioned media were examined by TEM-
EDX. The same media without APB and cells was used as a control. Based
on the media used, the component of each crystalline structure deposited
from the conditioned media could either be from the media itself or the
dissolution of APB or both. The basic components from the control media for
deposition were Na, K, P, S, Ca, C and Mg. Several deposits from the

conditioned media contained most of the basic components Table 11).



10

15

20

m t he conditioned nedia could either be fromthe

frgla itself or the 25 dissolution of APB or both. The
/1 &Hbonent s fromthe control nedia for PCT/SG2005/000165

deposition were Na, K . P, S, Ca, Cand M. Several
deposits fromthe conditioned nedia contained nost of
t he basi c conponents Tabl e 11) WO 2005/ 115491
PCT/ SG2005/ 000165 41 Table 1141 El enents in different
solids in solution containing NBS and 3T3 cells for 1
week, and contents of solid fromnediumis listed as a
corrparlson Solid 1l Solid 2 Solid 3 Solid 4 Solid 5
SJ ghle ¢! vellamenta inadiflarand dalidainNeoluok dorifaikiny NBQand 3T3

e& f(ga1 @aee& g%cepte@sp Wg Q,bcf fggm r%e%gysm ?scﬁsstgd?asa comparison

Cabetid)1 9 GaliP21 O7soGa/3P— I3 tgbhga/ PT0- S’ohd@r( &oild e Modinm
_ﬁ/ . 9 b ner j.l | y |. ||C UC[J QI l. J | O E‘l’l
\,uﬂ\'lf?i ohed ﬁf" a hadﬁ?a-wﬂ y_hi'gh at oni 39y bf Neemeht Na

Ol which were 42% 5%% and 34% and a ¥ery |owltonc K
6of! Cal InCtontfastClthefe was a yeryclow promic G
per cent age obP d | n the cont oip, T chrpvas 5%+

4
i +— + tha Hrlar comhonents bf

0a 2169 madthtion—to t+efr—SH S
_ac.ngc Stal Jg-ﬁqg S5t ur%w ure § thel di stsl ngu shedl S
_ii_f_fggr_e_nerq:aar r ati 0% of 10 c@@tal h el éments, <€ane Ca

extra el enmenfs, iphcluding Cr, Si, . _andACb_ E:Su d pbe .

i ssol ved, from T hg APB and| i neratiped—wth—sore—of

} { . T —Af Qi

ne ueposTtise TWOT Ot mé/\ Mg Mg Vg
Si Si

Ca/P=0.5 | Ca/P=0.94 | Cal/P=1.07 | CalP=0.64 Ca/P=0.77 | Ca/P=2.7 | Ca/P=0.92

Generally, the deposits from the conditioned media had a very high atomic %
of element Cl, which were 42%, 57% and 34%, and a very low atomic % of
Ca. In contrast, there was a Very low atomic percentage of Cl in the control,
which was 1.5%, 1.2 % and 2.6%. In addition to other similar components of
each crystalline structure with the distinguished different molar ratios of
certain elements, some extra elements, including Cr, Si, and Co could be
dissolved from the APB and mineralised with some of the deposits. Two of six

crystalline structures contained the element Si.

To prevent the contamination of element Si from either the glass-based
coverslip or the containers during the preparation of APB, the silicon-free APB
was prepared with no glass contact during the preparation of the micros'copic
examination. Components of thé crystalline structure from such silicon-free
APB with osteoblasts contained the element Si as shown in Figure 12. The
control media with or without the glass-based coverslip showed no silicon in

each deposit examined. The deposits from the same cells with a synthetic




crystalline structures contained the element Si. To
prevent the contam nation of elenment Si fromeither
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the preparation of APB, the silicon-free APB was

prepared with no gl ass contact during the preparation

of the m croscopic exam nation. Conponents of the
crystalline structure fromsual silicon-free APB with

ost eobl asts contained the elenent Si as shown in

Figure 12. The control nedia with or w thout the

gl ass-based coverslip showed no silicon in 20 each

Rl RS SBBIO RISk o L B TRRR, S afiogn or trace
c algrhartspenieteetstafdartie CBRB covdiiond.so examn ned.

No silicon or trace elenents were detected under the
same conditions. To eval uate the time-dependent

ﬂ%eé\?éhuét%t lmgsd%%lﬂd@ﬁf ﬁnﬁ@rjalr O YL SHI88ts c@llg\"x%eountered

s wer Xxam ned e conponent profiles
f vgith APS Zor Qewbeldem&ret@(amnedswm tomponent profifesr kam the 2-

fromthose of 1 week..( The bas onents re S
apeli deppgite Whrensioaificaaty 3&&6@?&@’ Hie pf Gofiegk. The basic

t t
ﬁh% &té \q\(ﬁré g ¢ 8hd Cfil %ISWQ&%I‘W&@d@b@Qté@WSaCh solid

creb&mahédnA mmeiytofrteam elbmmm:ev&feeaiefhtféu%cﬁmb as €0, Mn, Fe,

et B (GisteBo odre abiafitg sl G18, fage, etements showed

10 S' brﬁﬁ@hiﬁké' ﬁ%r&%l@%@%@u(é:'mw) eéné@v@\‘lcbr@hnrsedméadle structure
Si - contai ning carbonate (Figures 13E and
relmba |svmpie Suemréalnirmstcarbm@er(&@urem h%@aﬁﬂ@a@)cm a Cl, Si-
osi,tiaon/ neral t r | ement s and
@@'W@F@fé’&f\aﬁ% 1%%"“5{/&2—1 sﬁaée%ggel ic cells
regul ated the process To answer the guestion, two
culture condi ti ons wer e prepared. One was the APB
HEEAB 111 16 Herg RRe conditions with no
ceI I s added. The ot her was the APB incubated with
5 NOPRESHELELIASH AN ARafiSn YOHRE! efthéfts SRELSP have raised the
question whether specific cells regulated the process. To answer the
question, two culture conditions were prepared. One was the APB incubated
in the normal culture conditions with no cells added. The other was the APB
incubated with non-osteoblasts, such as myoblast cells, C2C12.
20

The crystalline structures obtained from the media containing APB for 2
weeks were analysed. The results showed that frace elements, as well as the
element Si, were ‘deposited with crystalline structures (Figures 14A, B, C).

The components from one crystalline structure in different loci showed

25 different element distribution. The edge of the crystalline structure contained

C, O, S, Cl, Si, Ni and Al (Figures 14A and B), while the center of the
crystalline contained the same elements except Ni (Figures 14A and C).
Some other components such as P, Ca, Cr, Fe and Zn were also detected in
the center. The deposition/mineralisation from APB alone in normal media is



20 The crystalline structures obtained fromthe nedia
containing APB for 2 weeks were anal ysed. The results
wioowesi1iaat trace el enents, as well as the el g®XG2005/000165
Si, were deposited with crystalline structures

(Figures 14A, B, ©. The conponents from one

crystalline structure in different |oci showed 25
~different elenment distribution43The edge of the

crystalline structure contained C, 0, S, d, Si, N

and Al (Figures 14A and B), while the center of the
crystalline contained the sane el enents except N

F' . . 0
éaég!g %nglﬁﬁh%r@y@allme%g\ffg%% s elég?%ﬁ %H{jSSl,S W(%rgﬁw.o?cated that

, Fe and Zn were ect he center
Thesteobiasts have npitest efact amtte proca®P8 al one i n nor nal
media is WO 2005/ 115491 PCT/ SG2005/ 000165 43 able to
formthe crystallines with trace elenents and Si,

whiNeim-bstebbiabedelld)ahsteadtsramitasbiasiaawerdnelii6d with the APB to
effect on the process. Non-osteoblast cells, instead

5 of shuydbp|sesientigleqrder at depesits. @t Ni tand Jireuld alw be detected in

st t ' eposits,. O i, and $i

L% PRSP Rl e il BEBRE s Gapubhing B Blact anc
st ARB UFemréor1e B). The reslilts flethedi corfigmeMotiatsing process of
and APB &F'ihigure_s 15A, B). The results further
cofeppaligntmaeralisation wassestgpblasts-independent.

deposi tion/ m neralisation was osteobl asts-i ndependent.
10 Discussion In this experinent, cellular mneral
10 deiscussiomwas determned in natural anorgani c bone

scaf fold. Under {hes condj ti ons, spontaneous m neral .

delbsiis SBCTREat dEsBUeENIeTal JeRPUHI (Wt (HeSHBIged in natural

W ta?n%ﬁéarﬁb‘pﬁbﬁémé@aféom.e Uﬁ’&érecﬂ;%fété&qqﬁ#rls C%b&r’ﬂ%ﬁeous mineral
I e or

syste !_S consi dere as a val ua t oo
i ndeposifians averefdet@etedrinwilagsicationiued imedia withpubsez@ement. The

°2 ol Raie R S 95E55850k0 SELI4! Phuable ol fo

151 Nfigyemightion of egnirding inhteralisation’ Sroeees asswélf as for evaluation of
m neral i sation, the organic phosphate such

osteogenic cellular response to implant material. To provide useful information

regarding the in vitro process of mineralisation, the organic phosphate such

as B-glycerolphosphate in ‘bone culture systems was routinely used

(Tenenbaum, H.C., J. Dent Res. 1981; 60: 1586-1589; Temembai,. H.C.,

20 Heersche, J.N., Calcif. Tissue Int. 1982; 34: 76-79; Ecarot-Charrier, G., et al.,

J. Cell Biol. 1983; 96: 639-643; Robey, P.G., Termine, J.D, Calcif Tissue Int.

1985; 37: 453-460; Gotoh, Y., et al., Bone Miner. 1990; 8:239-250). Those

experiments cleérly indicated that organic phosphate was hydrolysed by

alkaline phosphatase to release free inorganic phosphate (Fortuna, R., et al,,

25  Calcif. Tissue Int. 1980; 30:217-225), thus proving the chemical potential for

| promoting mineralisation. However, the natural deposition/mineralisation is

considered to be a very complicated system as natural boﬁes have varying

degrees of degradation owing to the process of osteoclasts; highly organised

3 dimensional structure; non-homogeneous component distribution and other

30 effectors. The gradual dissolution of HA from natural bones releases calcium



as P-glycerol phosphate in bone culture systens was
routinely used (Tenenbaum H. C., J. Dent Res. 1981;

\&9200 £694589; Tenmenbai,. H C., 20 Heersche,
/? T| ssue Int. 1982 34. 76 79; Ecarot - ChgrEL”SGZOOD/OOOIG’

G, et al . J. Cell Biol. 1983; 96: 639-643; Robey,
P.G, Term' ne, J.D, Calcif Tissue Int. 1985; 37:
453-460; CGotoh, Y., et al., Boge Mner. 1990; _
8:239-250). Those experinents clearly indicated that
organi ¢ phosphate was hydrol ysed by al kaline
phosphatase to rel ease free inorganic phosphate
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deposition/mneralisation is considered to be a
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A% 89589 a%ﬂi AER!, A PN Bid el RRLORESS 193; 27: 1047-1055).
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nafarganipehe ¢ &3 £88ap eehm'ma IO 15491
PCT/ SG2005/ 000165 44 and phosphate ions that

i nfluences the nearby cell population and |leads to a .
r elpr §0$ pexprinoentofthe admamiop Rosyaaice honeh pgovideanadihgnly basic

t he b%glfeenef%po 'éléc,glrznther pce @ssqﬁg?%g Ohtd 'féég'das bgge formation.
2 X e 0 t
o 208 comivn et ey e he a0 dects ver

chcé@tganmeidsby seannipg eledisn micraseaprys§EMY ans energydigpersive X-
of m Mlgﬁg (EDQ@ ?aaﬁ'\%b;s% ?éUé% Ccfth%? III lrdvest rﬁated deposits in the

rali i*on. hi s ’expet i nen
anfmsgametk d:xmtampdosodimsn potassilry, bhssmatepaammm,eamd calcium as
but al so ot %/ess ntial. el ema s for the bone

f ofi®RN GINS ti’G“ o1& i PBRICANEORY 'é?'&tls n%?@ﬁolséﬂiples were
15 Of coMbBsiddaBf ‘(‘)91&98@%%&3 VRich H81ET CrNeY BMdSHRINVIES crystalline

el ectron m croscché and ener'gy dispersivé X- ray
analryciugey EREsur adrmb;&ﬂci; rargecal Ga/k aelagimatio (between 0.5 to

e TR RO L bt R ABORARL i eed rao
within 0.7 to 0.92. Once the deposits were taken from the media of the period
of two-week mineralization, the major constituents diminished as new

20 compositions of deposits were found. The major constituent was either
element S or C with element Si. A variety of trace elements were found. The
same phenomenon was observed from the analysis of the media of APB
alone or non-osteoblasts with APB. The examination of selected samples by
means of SEM/EDX, revealed the characteristic morphology and elemental

25 composition of the constituents of the variety of deposits. The morphology of
crystalline structures showed a brunch-like shape, as well as other shapes
such as a needle and crystal-like appearance, which are typical structures of

silicate.
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maj or constituents. Wthin the major constituents,

sone sanples were 15 conposted of other elenents such

WO 2005/1ap491Si , and My. Most crystalline struct gCe8G2005/000165
nmeasured had a broad range of Ca/P nolar ratio

(between 0.5 to 2.7). The Ca/P neasured fromthe

control nedia showed a nuch-fixed ratio wthin 0.7 to
0.92. Once the deposits were tédken fromthe nedia of

the period of two-week mineralization, the major
constituents di m ni shed as new 20 conpositions of

deposits were found. The nmaj or constituent was either

el gret afe oteai phofESNEMAWSI in Ahvaldepb¥itieh. tM@@ﬁesnum (Mg)-
el enents were found. The sanme phenonenon was obServed

f reomaiRagenasis Peepsionallyiagira absenrrl indheearlyrstage, completely

R SEhe s il AP, pFRSoRAIIARAG:ALSH' BE!Sdhy pnase
ci‘a‘fdaa/fasrhatdlyc obsepled ﬁg%@ﬂ@lteelﬁagét ﬁhe&%rb@ﬁ&@sﬁépm had a
% ons |tuents of the variety of deposits.

P CPpated (¢ e atess l\égmma&ung deposﬁs The
br k " S S r u a
neészﬁéh%;sﬁsﬁésfzwﬁ QUL LegsP e Al esand iy oinuca
stpracmua@smth ofhier i apauistituevs 2005¢ 144 Jhase. The silicon-containing

 TOSTARBERR R, IS, SO S5FSISRI PCausad 1 dhe later

‘OCsﬁ @'ﬂ@'ll'd’ed’é%‘it@ Sbéﬁra\/ﬁl‘é)ﬂ'lé"frbmasﬁﬁ%h%oﬁ’ééﬁ‘r‘iﬁﬁg de OSItS matched
conpietely absent in the |later stage. The phosphate

ectmﬁtememtrmnﬁ@mm d?pq?m'@sén the canysstagesl| glements Cr, and

Codthgé.nOng tYpReSs biscipildte frcﬁﬂfthéﬂﬂéélad@ﬂo@ﬁébb%{% with APB had a
observed in the earlier stage and conti nued t

pr\@sl%y ©oftEacq elerpentsr with ther geRwenents Me. patléa and K, Al, Si),
Sitfn Tmer@mes%kcenfrﬂb%@ ofc%ﬁ‘goaetcg;.@f@gg a&&ﬁoeﬁ um. The
occurr n e

ear |y stage 'and persistent

| aﬁe%fson sviag sobhe diémeAROFEFS foiue hn ahe ' &Hriy ?héééﬂé‘nd completely
silicon-containi ng deposits matched 10 the trace

el endaieciabif i the a*@émmsﬁsww fiuento &g [apseludg escurrence in the
el 8RNt fsSdiutidi hind/or the deposition to form a precipitate, which was

partially supported by the precipitate observed. In the findings of Si and trace
elements-containing deposits, it can be concluded that a sequential order of
dissolution/precipitation of essential/trace elements during the process of

bone formation occurred.

A further investigation was to check whether any crystal form could be
detected, especially a precursor of HA or itself. It has been proposed that the
biological apatite could form from several possible precursors such as
amorphous calcium phosphate (ACP), brushit (DCPD), p-tricalcium phosphate
(B-TCP) or octacalcium phosphate (OCP). (Brown, W.E., Chow, L.C., Ann.
Res. Mater. Sci. 1976; 6: 213-226; Francis, M.D. and Webb, N.C., Calcify.
Tissue Res. 1971; 6: 335-342). The XRD pattern analysis of several

conditioned media from APB alone, APB with osteoblasts, and a synthetic
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Co were found. A larger variety of trace elenents were
observed in the later stage. One typical precipitate

woroos/ilRpimedi a of osteoblasts with APB had a wanscEioysn0163

of trace elenments with other conmponents (C, 0, Na and
K, Al, Si), shown in Figures 16A, B. The size of this’
preC|p|tate is around 2 /1 m The 15 reason why sone

el ements were found in the eafPy phase and conpletely
undetectable in the | ater phase was due to the

absol ute occurrence in the early dissolution and/or
the deposition to forma precipitate, which was

paalbmhlnhcsnham (Emspwltm@smwsm haldea absieal pdak 4t 26 of 31.4
the findings_of Si and trace el enents-containing

déﬁés"rﬁ §Figy fl 7¢.afs fae Bystalifrom theimediscepriatiing Qﬁi@h*asts with
Q}a‘?i' rh‘%ﬁ% PESE PinRE 88@)@4 f?cftﬁeﬂ\t' "i’ll\écilga‘@elf or other

process of rat i
ocoudltleded Amédlatﬂmd dithheegthé ordcond Mighebd p@bkcdxr wheddteno peak.

t% form cguld be  detected, ecially a
pPiBGHYR  thepe  are Chataciemistiq perks 156eNaki.ofis dipanaepresenting
t ESICJLﬁ'ﬁ gli’ﬁ'ogéﬁé’t'ecdﬁ’r‘l%alg% a%ggdrjrlﬁﬁ 6'&% é l%g'tl‘?%%@at 32 from the

cursors SUC

pmh\ﬂﬂﬁoétéﬁ?[)astdqrthéfé is éDﬁBﬁ))hkelﬂ'uécbd &l gHigloim phosphate being
phosphate ((3-TCP) or octacal ci um phosphate (OCP).

(BfeR@™ WE., Chow, L.C., Ann. Res. Mater. Sci. 1976;
6: 213-226; Fr ancis, M D. and Webb, N.C., Calcify.
Ti ssue Res. 1971; 6: 335-342). The XRD pattern

aBY$s = orbmamrelehlsyﬁmetiorwatiteanlemambé%fusam &Pk control while
al o

B with bl d h )
6085 pebagetsetestolon Suo sbeica st idh aﬁéq'ﬁ%@%rﬁh@ component
(%Hg)ys‘@ bhsgﬁ 6?%@1?11?0&&&6\%&& Rii&Akn ?l,f it sﬁq: Oén Ca, which

and 4 crysta om
C(ﬂm Sl rigy 1 @ﬁ &aip| B0 B AhhowgPBBEﬁjcohtalr’m gleasent Sl no deposit

C S 31 SR BRSSO T o B ThisRviedRRcA G rBLE (gnot shown)
Orco@ld"es o ﬁég"ﬁfdle%s'%ftthéqﬂ@h HRSAR pé&eﬁtwgéiéi 8i (287 %) in the
peaks for NaC peak representing calcl
ph?é’s% hiat Exasnpleo i lt hga bepasstpvwn thatdhaangin CQJTTpOh@ntpe@fkfhe APB
Atyrd% [HOB 1A and Mg. No obvious Si as well as trace/essential elements
could be detected under SEM-EDX. The result indicates that the Si in the
BDS seems to be difficult to dissolve compared to that in the APB dose.
Although the dissolution properties of the synthetic apatite is of interest in
relation to the coupled demineralisation and remineralisation processes
associated with dental caries (LeGeros, R.Z., Prog. Crystal Growth Charact.
1981, 4: 1-45; LeGeros, RZ., Suga, S., Calcif. Tissue Int. 1980; 32: 169-174;
LeGeros, RZ., et al., Calc. Tiss. Res. 1978; 26:111-116; Boskey, A., Posner,
A.S., J. Phys. Chem. 1976; 80: 40-45), it will be a great challenge to study the
reactions of calcium compounds to form calcium deficient apatites (Zhuoer,
H., J. analy. Atomic spectro. 1994; 9: 11-15; Mirtchi, A.A., et al., Biomater.
1990; 11: 83-88; LeGeros, R.Z., et al,, J. Dent. Res. 1982; 61-342, Abstr.
1482) as trace elements and other essential elements like Si, Al, and Mg
could play an important role in the dissolution/precipitation.
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APB wi th osteobl asts, there is a high likelihood of
cal ci um phosphate being present. 10 BDS is a
VWorntev s synthetic apatite. It has been used P%%/S%zoow/oooms
control while cells can proliferate well on the
surface of such a scaffold. The conponent analysis of
BDS by SEM EDX showed el enents C, 0, Si, P, and Ca,
which the Ca/Pis 1.36 (Fig. 48 A, B). Al though BDS
contains element Si, no deposit wth Si during the
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shown) 15 could be found regardl ess of the high atomc
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in the dissolution of calcium phosphate, silicon, and
ot her trace/essential 5 elenments provide the natural
solubility in a biological environnent. Qur findings
strengt hened the theory that the LLOYD WISE
di ssol ution/precipitation progesses in biological '
systens appear to be dependent” on their conposition
GlAins M crostructure in physiol ogi cal conditions.
"ATthough the osteoblastic cells can highly
differentiate through the incubation of APB, the
1e|| Af methad foercthec praparatiore oi@mwnplamammmatenabcompnsmg the
g@@ Sf of di ssol ution/deposition.- HA ceram cs studies
ate that the bioactivity is closely related to
the m crostructure (Nelson, D.G, et al., J.
U &) asbitainirig. bdrestissl@$3; 84: 1- 15; Daculsi, G, et al.,
Calcif. Tissue Int. 1989; 45: 95-103).
stituted HA bioceram cs have an increased
T a{)ie%é’m flﬂulf'?a%"ﬁt@ﬁ UBonpared to the pure HA dose -
(Porter, et 15 al., Biromater. 2003; 24: '
46@)91%%% thEﬁSbn% tlssﬁéto Qém%NeSéBH%géﬁ U%éré‘l’l\ thé"c?on% tissue is
goo bi oconmpatibility and are consi dered bette
npl draated @ ttemp@lretute:af P084250°C tB. melt aBdldanmumghé,collagen, -
167 279 YD W SE. 48 thod for the
pr epﬂnngf"ghea" eafing Wﬂhz?n? lﬁ%tr{glddﬁﬁgl\@rlh%@aas?-i si ng
the steps of: a) -obtaining bone tissue; b) boiling
2 hehé eiethbd 9 BRImC), wiHeRaini the témpeRftiR: isizeue. to renove
col | agen, wherein the bone tissue is treated at a.
erature of 200-250C to nelt and denature the '
%o?ﬁ%géﬂt hodgfclaint fiher 2: whereindheisaivent doldissaive the collagen is

o SRR riEReife, 1P Anr odB Bt R lelires

claim1 or 2, wherein the solvent to dissolve the
%oThegm’lhod of elafms dr3, wiyeneiry after, thedtdaameht obstdp¢c) no sulphur is
gug\e ab?e Bl/ %rEcl\ﬁ tElﬁ))'r( t‘lj\ereby |nd|cat|ng no detection of collagen.
5. The method of claim 4, wherein the SEM-EDX is a SEM-EDX Hitachi 4200.

6. The method of claims 1-5, wherein the boiling stelp is carried out in water.

7. The method of clalm 6, wherein the boiling step is carried out in distilled
| water - |

- 8. The method of claims 1-7, comprising cleaning the bone tissue before boiling.

9. The method of claim 8, wherein the bone tissue is cleaned mechanically, by
air or by means of a liquid.

10.The mé._thod-of claims 5-9, wherein the bone tissue is cleaned \lvith water.

~ Amended Sheet

IPEA/AU



4. The method of clainms 1-3, wherein after the

treatnment of step (c) no sul phur is detectable by

SEM EDX, thereby indicating no detection of collagen.

5. The nethod of claim4, wherein the SEMEDX is a LLOYDVWSE
SEM EDX Hi tachi 4200. 6. The nethod of clains 1-5,

wherein the boiling step is Wrried out in water. 7.

- The nethod of claim®6, wherein the boiling step is.
~carried out in distilled water. 8. The nethod of _
claims 1-7, conprising cleaning the bone tissue before

1hoﬂThmg1ethdﬁ offblaimetth0d, further a:lom;ﬁlsmyﬂﬁré@tingth@bmﬁssue with
ue is,cleaned nechanlcally, air or by neans of

a ‘I’I '88PYNdSt0. The nethod of claims 5-9, wherein the
bone tissue is cleaned with water. Anended Sheet

: 1bpﬁ9é Méthb@99 Wisls 149 *&ﬂhé—mﬁorﬂgﬁﬁﬁ& #5tep @ HFﬁJmFI& the bone

further conprising treating t one“t1 ssue
ul issaledoteda predetermhisedshapd. of clains 1-11, further
conprising a step d) of cutting the bone tissue into

13 ?ﬁéﬂ?étﬁ{a@‘og%uﬁ hl"ipevhejrém tﬁg%oﬁg t[%ggﬁif ﬁ@tl L?# npﬁadﬁ of a high

wher el n one tissue rs cut
preressue wateejetj et . 14. The nmethod of clains 12-13,
further conprising a step e) of sterilising the cut

0 15 Th net ho - furt her
180t Gei PGS RS0l 2 dc LTI GoTRESING & Sl @l lesterilising the cut
bigeg.erial . 16. The method of clainms 1-15, wherein.
't he obtai ned i nplantable biomaterial has a Ca/P ratio
of 64. 17. The method of claim1, conprising the -
16¢ e'Bge dnethod of claims 1-14, further compnsmg a step of packaglng the
-implantable biomaterial. '

16.The method of claims 1-15, wherein the obtained implanta_ble biomaterial has
a Ca/P ratio of 1.64.

17. The m_ethod of claim 1, comprising the steps of:
 - obtaining .bonel ﬁssu_e; :
-._clea-ning.; the bo.ne tissue with wafer;
- boilihg.the'bone t_i_sS'ué in water;
- eleahing the boiled bone tissue;
- drying the bone tissue;

- treating the bone tissue at a temperature of 200-250°C to melt and denature

collagen;

- treating the bone tissue with a solvent and/or treatlng with uItrasounds to
dlssolve the collagen
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- obtaining bone tissue; - cleaning the bone tissue
wWth water; - boiling the bone tissue in water; -
cl eaning the boiled bone tissue; - drying the bone
tissue; - treating the bone tissue. at a tenperatureLLOYDVWSE
of 200-250C to nelt and denature collagen; - treating
the bone tissue with a solvern0 and/or treating with

I t I Anmended Sheet
PEATAGHE e el S A TR E BorR istiFvent o

evaporate fromthe bone tissue; 18. The nethod of .

18l Bhenéthdd of e 121N OowRBH o étﬁpfﬂﬁ‘t@@b{’é&é’olgby SEM- EDX in
SEMEDX. in . the inplantable bionateri al _

i nfiedaianable kiematariabrtherebyondisgting nmgietetﬂ@nrm‘tdmﬂdgm
clainms 1-18, wherein the obtained. inplantable nmateri al

19STRE mEABE W USROS 8 -Fr’?'(b h%e&!&} fhed ip%l@%t?ﬁlgéfn%?erial is an

wherei n the obtal ned ifplan erla _
f ramorgagirbane. mat ri x. 21. The net hod of claims 1-20,
mherein the net hod does not conprise a step of

25, 3P ARt 52 e bt RHBREAS ST b e

c ofrigrhi srgagicanatrigkp of cultivating in vitro the
' in’pl antabl e biomaterial prior to inplantation. 23..The

- f h t f .
Teber metoed of clama a8 wﬁéfeﬁﬁmé%{n&?\bggsZuof)agﬁ@.?eeg step of
| OWPeétﬁ‘@f RedbriettidstieRbitPa fiuf in §Uﬂe?5ﬁtﬁ:ta| Ste.

22.The method of clalms 1-21 further comprlsmg a step of cultlvatlng in vntro the
|mplantable blomatenal prior to implantation.

23.The method of claims 1-22, further comprising a step of seeding the
implantable biomaterial with a patient's  own isolated cells prior to
implantation.

24.The method of claims 1-23, further comprising the step- of |mplant|ng the

blomaterlal ina vertebrate

- 25.The method o_f claims 1-23, further comprising the cosmetic step of implanting _
biomaterial in a vertebrate.

26. An implantable biomaterial prepared according to the method of claims 1-25.

- 27. The implantable biomaterial of claim 26, wherein the implantable biomaterial |
is made from bone tissue and wherein no sulphur is detectable by SEM-EDX

'-in' the implantable biomaterial, thereby indicating no detection of collagen.

28. The lmplantable material of claim 27, which is an anorganic bone free from
organlc matrlx

Amended Sheet
IPEA/AU



24. The method of clains 1-23, further conprising the’
step of inplanting the biomaterial in a vertebrate. :
25. The method of clainms 1-23, further conprising tthYDWISE
cosnetic step of |an anting biomaterial ina
vertebrate. 26. An inplantablg biomaterial prepared
according to the nmethod of clainms 1-25. 27. The
Zgrﬂrl'&ntlﬁiﬁlmtébt@rf&ﬁ@haféna@foﬁ'dklnﬂ‘isZ@? Y@ enrgidielnahe lmplantable :
R@e biomaterial - is nade from bone tissue and
sApratisolibéet abl e by SEM EDX in the
|rrpl antable bi omateri al, thereby. |nd| cating no o
ti | bRgsst T er,i al
?Iegﬁrén lrﬁBIa%iatﬂﬁ !Ds anegﬁgrcga%%éh r\%regﬁ}é}gh thg Implantable
or gam@teﬁak is icultivateshittedtrsipeot to hmtauom_om W SE 51
The inpl antabl e bi omaterial of claims 27-28,

Zp%l Wﬁd‘%ﬁéﬂ%ﬁé{ﬁ?g&a&”@f Hdifls, 2736, Fherelc'the Mplantable
- 27bi2ﬁnatehalr dsn sebded NWitanttab! %aﬂ@h@é"’%@h' %olét%dT cells prior to
cu1t|vated in vitro prior to inplantation.

i n{PRIANEAYOB. bi onat eri al of. clains 27-30, wherein the
i mpl antabl e bi onaterlal is seeded with the patient's"

| %ng%%dg %EIK?QJC r| s {het' Iéﬁ@brentﬁ{ ﬁllﬁ?"g”%siﬁﬁ"@ﬁ%ﬁm

of clains 26-31. 33. The package or kit of .claim 32, .
3thEhei packagei opl kihtafbtiairhi 82pwiterein me lﬁtpﬂﬁntbbl‘ée@lomatena| is

stenllsed



