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| mpl ant abl e Bi omaterial and Method for the Preparation

thereof Field of the invention The present invention
woeb@iies49to a new nethod for the preparati on oPCT/SG2005/000165

i npl ant abl e bi omaterial (inplantable bone grafting

tissue). In particular, the present invention relates

to a nethod for the preparation of anorganic

i mpl ant abl e bi omaterial and inrpl antabl e biomateri al

obt ai nabl e t hereby. Background of the invention The

grafting of bone tissue is a technique used daily in

nost orthopaedi ¢ surgery departnents. The use of

aut ogr idisntable BRMSatBREPARE Mdthods tHEFrepapitidpahbrabi
the r pl S pbody, results In the need for

addi tional surgery on the recipient, as well as donor
skickd ofpthbiiaventionHowever, the use of autograft is not

conpl etely satisfactory because it is painful for the

GEfb PresBRt' TRl Telkfed 5,2 sl PGS R, 38 Blegieffion of
aipfpahtabRf bivmgtetinb SinsplaMabi bahe gradtingpassid)e WV pdrticular, the

autografts. The use of bone allografts or xenografts .
i present invention irlgtesode ei saribod r tm theddtisparaiicy gf anorganic

5L ER GPRAID RIS b SeSap ey

ti ssues need to be treated so that they are clean and

pure. The change in the mechanical properties of the
bBaekqroysd of the VeRtioRe treat ment and the rejection

due to i mmunogenecity are conmon problens for bone
X?ﬁ@%%\c‘ﬂ 8F boRk! ﬁ&%eaké aoteRhhiue b8 il Sinahiidt et paedic
ot her®drawbacks I'i ke the risks of infection of viruses
asurgeng depadsients. yThecoss ohautngrafits, asidne aldtaitpdafror a different

PR bR TR Gt JeRUEahing ReadThr pHgHioRaY Shrgery on the

recipient, as well as donor site morbidity. However, the use of autograft is not

completely satisfactory because it is painful for the patient and may involve a
risk of complications at the donor site. Further, numerous operations require
large amounts of bone tissue, which are incompatible with 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
clean and pure. The change in the mechanical properties of the bone tissues
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
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 tissue, as well as cell debris/other elements in
the nmedullary tissue. Sl ow inaccurate recol onisation

wo0dues®o proteins, mainly collagen, enbeddedpPariSiEe005/000165

extracellular matrix, thus |eaving insufficient space

for osteoblast cell penetration. To solve the problem

of rejection and recol onisatiop, extracting proteins

fromthe bone tissue is the n step prior to _

i npl antation. However, nost of the solvents used in

the processing of animal bone are highly toxic. For

exanple, US 5 585,61 16 describes a protein extraction

Bt hedexisaaaiiutasxinatrbo thes teaingbhsfficient Bpacs beesictdlast cell
S5 ﬁ)d extraction agent. Further, these solvents

g{ %ﬁ gasily renmoved conpletely through rinsing due

to the high porosity of bone tissue. Wth reference to

the processing of solvent-treated bone tissue, there

ar@ sglvedthg: preblesh e Irejestion mndenesslovisatiomp leztratiingprbteins from

- , . . z i b
MBS o BBl P B e, st of o
reilveénts iuseddh|thg ®focasdifY bEhRithdl Bk @%ﬁggg r;c%}(@? BBr example,

ith a fluid in supercritical state, _
&é be88 bW dlescies a profein rmxttastion hevettiaat eisireytdxiessolvents

A fluid | itical, state. Further
R G g I T T
plverds aref ngtr edsigsesnovBie66mpltely Hiroutsh 'Pﬂsfﬂg“&ﬁ'e 't8 the high
supercritical state and protein extraction aré€ quite

Pﬁ@v BF bossstissueaWith aeferanceio ¢henpogessingtafr saiverntstreated

AU 508 e SRR SO A tfegpu o

lboiseé m neral product conprising porous bone m neral
nano-particles in a collagen matrix. The
nano-particles are derived fromnatural bone and have

U8B 5,725,579 and US 6,217,614 describe a method for the preparation of
bone organic matrix, mainly in collagen, comprising treating bone tissue with a
fluid in supercritical state, for example, carbon dioxide (COy). This method
therefore requires the use of a fiuid in supercritical 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 implant 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 pm. Bio-Oss Collagen is also
described in U.S. 5,573,771. The problem with Bio-Oss is the difficulty of
shaping the nano-particles into a tridimensional scaffold structure suitable as
implantable bone grafting tissue. Other xenografts such as Osteograft/N
(CeraMed, Lakewood, CO), and OsteoGen (Impladent, Hollisville, NY) had
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average dianeter in the range of 0.1 to 10 nm Bi 0-Gss
Coll agen is also described in U S. 5,573,771 . The

wonaoisiiemoni th Bio-Oss is the difficulty of shapCmgGRéns/ 000165

nano-particles into a tridinmensional scaffold
structure suitable as inplantable bone grafting
tissue. Ot her xenografts such as Gsteograft/N
(CeraMed, Lakewood, CO, and GsteoGen (I npl adent,

Hol i sville, NY) hadbeen changed in the structures. In
general, the common way to renove the organic matrix
is by heating. However, when crystals are heated to

t begrechanged imthelbutth@H0Mh geasral st bd)tﬁﬁ’_idrpﬁ/azatb%move the
pl ace, and,the crystals tend to grow, causing the
S

PIAFRIQUrBalX tifie biyateating. tHowaeeigeWhenr iystatsr eres breated to

t At I : t r
Oloriiktaffes drl Al ode, BaysaieABTKBINIASE: Andifie orystals
htend foegrovs ucdumirg dheastruchse off theomatailas ethges Fifdfermore,
el asti ithé' I n YL;l ew of the problens descri bed above

t$RUPE Qg GRNsKtYeNts e lesteand spme-eamprogyis are magified. As a

SteisLRDAIB the¥eRedr] |s&irfalR! 485 2

bi omat eri al %g@%@g@{bﬁﬁﬁéﬁ%ﬁg isgquf aﬁeﬁgéé@gﬁtof some pores

i avé redunedaglasticity. al | evi ate al |l the aforementioned

probl ens associ ated with processing, and provides an

i npl antabl e bi omaterial with high osteoinductivity,

hing ic9s P GRENBIBAHME e cﬁbeeoimié hi in this fi

con‘gar abl e rreghani cal _sSt rengt to’ﬂ'g%té;ﬁ %g%ee.d WDgt"S field of

i tegbnelaay| yor i nes suitable, | pvacticableandndi mifoedairlec éswplantable
. g to a first aspect, the invention provides a

%‘?ﬁ{)&gé@%r the preparation of an inplantable

bi omateri al conprising the steps of: a) obtaining bone

tissue;

Summary of the invention

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
and simple process.

According to a first aspect, 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 collagen.
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b) boiling the bone tissue; c) treating the bone
tissue to renove the collagen.In the nmethod of the

wonventison, the boiling step (b) may be carri edCo8G2008/000165

water. For exanple, in distilled water. In particular,

the boiling step may be carried out to substantially

di srupt the collagen and renove bone nmarrow and the
extracellular matrix proteins4ECM. A step of

treating with ultrasound may be further applied to

| oosen and/or renove the remai ning organic matrix. The

nmet hod according to the invention may conpri se
reraatrhethodhs theinviention! i@ Bl 5teoibe nidy™Bs carried out in water.
gqt)I onal I%hchan?lﬁsg the water before the next step of

b

1 eXsnp WaLSf. optional |y conprise a step of
cl eaning the bone tissue before boiling. The cl eaning

r r.di { : :
”ﬁyaﬁﬁcﬁ%{r el b?fﬁhggsﬁégxrgﬁ)zﬁng eﬁ%ﬁaﬁﬂcfgf‘gul’?stg@f@ﬁ?dﬁupt the
byollzeens aatl eerhovrli sbne-onagewnphd, thehextrbealtilay mattixberoteins
carrisd out by using water. In the nmethod of the
[ ion, the step c¢) nay conprise treating the bone
tissue at a high tenperature, for exanple at a

tﬁ’\”&%r)%ﬂfr@aﬁ’rﬁg 208y hyandf flayes@raHReRbp ﬁé’@% I868sé@$ and/or

t and denature the collagen, and fur
t reraoven thenenhainingadrgenic matrixoosen and/ or di ssol ve t he
col l agen. The solvent to | oosen and/or dissolve the

PSR eI e SEAT SR kO o o

etfealo ohptibrazintes, optibhampthangihgrthg weaatedbafore the next step of
hégrochl oride. In particular, 70% ethanoi. The

liggit abl e bi omaterial may al so be treated with
ul trasounds for

The method may optionally comprise a step of cleaning the bone tissue
before boiling. The cleaning may be carried out according 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 ¢) 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 soivent to
loosen and/or dissolve the collagen may be any non-toxic suitable solvent
known in the art, preferably an alcohol. For example, 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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woheossti®1inay be carried out by treating w th PCT/SG2005/000165
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ultrasounds in the presence of an al cohol.The nethod

of the invention may further conprise a step d) of

cutting the bone tissue into a predeterm ned shape.

The bone tissue may be cut by Usi ng any suitabl e neans

known in the art, for exanple, by knife, scissors

and/or cut by neans of a high-pressure water jet. The

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

of hetraetHdds bhghe hirveniionomag, fupthef eoaipbriseral steg d) of cutting the
The hod of the invention may further

I ppl ant ation. t | y )

c B fissue, T apisrletrniaeg AaaRteTiarBPean figse may be out by using
bi . . _ i .  ned..
oBRLTNABPE mekes TR i S (O BB, B KR ErigSors andior
gouidby steemsmidubighvEessyrahwater jetdue t o no change of

chem cal and physical properties (that is, it

facilitate successful recoloni sati pn of the

of Bp vBs o, ofthe UERTaN mayC sy sofmprise BistpR el sferlsing the
2BuESH &l Frefera S dfoSHplartifion Pl ant abl e bi omat eri al
obtained is freé fromthe organic matri x. The presence

of collagen in the inplantable biomaterial according

t ohersethadenf i imentipsemaysSugbee ¢omprissi agtepof packaging the

DX detects the presence of sul phur
?@@g%bi%%@n%%%ﬂgﬁponent of collagen but is not

present in the bone scaffold itself. No sul phur was

dghedimptantablehbiomagtbraalt eiitaihdal omebelinable ticdofding to the present
i pvention by SEM EDX. Accordingly, the invention

pFGNHER 8hoVspoand apsteospritatiei sapabiitciflues tor se ehange of

OISR ARaCSHBEIaR) BperBE B B O WGl 10 uocesst

recolonisation of the grafts). In particular, the implantable biomaterial is an

anorganic bone tissue. The implantable biomaterial obtained is free from the
organic matrix.

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
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
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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invention has a Ca/P ratio of 1.64. In particular, the

nmet hod of the invention does not conprise a step of

treating the bone tissue with a fluid in supercritical

state. The present invention al&o provi des a nethod for

the preparation of an inplantable bionmateri al

conprising the steps of: - obtaining bone tissue; -

cl eaning the bone tissue with water; - boiling the

bdhe priessok invent@nealso proddes g rmbthddoifdrethebqreparation of an
treating the bone

t] . ' A b  ti ,o-
ti@éé&fagﬂe g{%%ﬁr'?‘c&ﬁﬁgggﬂgéﬁéggpstq: nelt and denature

collagen; - treating the bone tissue with a sol vent
angh®inihg ®dhetBswet h ul trasounds to dissolve the
coll agen; - allow ng the solvent to evaporate fromthe

bone tissue. According to another aspect, the nethod
of clegaingrinerhansntisseiepwits water epari ng an i npl ant abl e
bi omateri al as descri bed above and further, a step of

U‘B})mﬂéi’ﬂqggéﬂlg#%%g%ﬁag{ag% in a vertebrate. In

[
genera may be carried out for
pur poses of replacing and/or reconstructing a bone in
a- bledpind the iletdbonesiissiegonsequence of an injury or
di sease. It may also be used to replace and/ or

onst

e 8ry|ng {h%ckgone tissue;
- treating the bone tissue at a high temperature such to melt and denature
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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periodontal defects and periodontal regeneration. The
i npl ant abl e biomaterial according to the invention nay

wabhew/bevused t o bone augnentation in general . PTISG2005/000165

nmet hod of the invention may further conprise a step of
cultivating in vitro the inplantable biomaterial prior
to inplantation. Further, the nethod may conprise a
step of seeding the inplantabl®e biomateri al with the
patient's own isolated cells prior to inplantation. The
nmet hod further conprises the cosnetic step of
inplanting the biomaterial in a vertebrate. For

ekaerprathod Herthéroemprises tHescosmetm b @fﬁnﬁ:l@gﬁ@ﬂwe biomaterial
during.the course of cosnmetic surgery. According to a _
i REeOBE KO Sxapley I DinmBlEsR A eH A RSN during
bihergiuesé af cOSABAE 8dr ording to any embodi ment of

the nethod of the invention. In particular, the

i mpl antabl e biomaterial is nmade from bone tissue and
vivesdinghdoc @ | fagibar i aspratecthablirventioBENrETiHes n anhémplantable

i I ' terial.. The inplantable bi terial
BB Bretl e EbRiino ey sRBoRgaEt ohdfi frsthen of the
piavéntian.dn, partieulaprthesiplaitable biBmdtEMAIa8LARYE from bone tissue
bi omaterial has a Ca/P ratio of about 1.64. The

i 3 avpensie Nn Giellegenas detedsebleubyi SEMED ini theo implantable

i i npl antation. For exanple, the inplantable
Fb)rlslgﬁn%tt%"r??]al may be seeded with the patient's own

i solated cells prior to inplantation. Accordingly, the
i Tveeritnpéemtableobjprmatedalsnaly be amh tarorgghic Kohé Yred from organic
i Si | ant abl e material prepared accordin

f’gggh{rs'lén 6'&?3%??% CoRPasitian, @f dhet Inplanigbla ibipmatemial has a

Oale iR @ggoqul_géwe may conprise the inplantable

[
bi omateri al seeded with the patient's own cells.

The implantable biomaterial may be cultivated in vitro prior to implantation.
For example, 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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woeanoseisaepl e, it can have a size of 1 MmB to 3PCWBG2008/000165
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particular, the size is 5 nm X 5 nm (di aneter/ hei ght).
The present invention also provides a package or a kit
conprising the inplantable biomterial according to
any enbodi ment within the scope of the invention. In
particul ar, the inplantable biomterial conprised in
the package or kit is sterilised.According to another
aspect, the present invention provides a use of bone

tAssmrelirfg)to tdmtlmreawai‘tj e pfemtim‘mérﬁminabkﬁndes a use of bone
.omat f or I an&atl on in a vertebrate. In

p s5Ue r e W@p@ af‘é"'ﬂ’éﬁrg@blﬁbb@"we@mtmnlaﬂtatlon in a
t%é%f@”‘@%&tl?ul%ﬁ?hg{ 'cél'(l)argeeﬁ;{ |§fdé’t%§ﬂﬂl@tﬂ%£2§%féﬂ-fzﬁg( in the

figures Figure 1 to proc

Finglastabie Bimmaterial.scaffol d, rinsed in ethanol, prior
to inplantation Figure 3: X-ray diffraction pattern
anal ysi s conparing the inorganic structure of
anor gani ¢ porci ne bone (A) and synthetic hydroxypatite
(B). Figure 4: Overview of anorganic porcine bone
SBriaﬁ@e&@ip_‘tibﬂmeﬁ@lﬁEhfés el ectron m crograph-energy
di sper sive X-ray X). Figure 5: Conponent

E sis with the ratio of Ca/P as 1.64. Figure 6A:
ThgUER i f ol d st r ACiMARORE PRETIENIEAESSIBGS of anor gani ¢
cancel | ous structure and dense structure (overall
structure, X 35).

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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Figure 6B: The scaffold structures from SEM anal ysi s
of anorgani c dense structure (X 3500).Figure 6C. The

weoceeafsf1iesa1 st ruct ures from SEM anal ysi s of anor gamisG2005/000165

dense structure (X 45000). Figure 6D. The scaffold
structures from SEM anal ysi s of anorgani c cancel | ous
structure (X 2500). Figure 6E._  The scaffold structures

from SEM anal ysi s of anorgani @ cancel | ous structure

and (X 8000). Figure 7A-D: SEM DEX anal ysi s of

i ndi vidual crystalline structures in the dense bone. -

Figure 8A-F: SEM DEX anal ysi s of individual

cFigyteabli ne st rutharssafiold stractspes gioos S Ednanalfsigusfeanorganic

9A: Morphol ogy o r npl ost cell 3T3 before
contacting with éﬁﬁgeggﬁ%tuﬁ%ﬁgﬁlﬁ@aébne. Fi gure 9B:
Mor phol ogy of differentiated cell after contacting

wit h anaorgani ¢ porcine bone. Figure 10: G aph show ng
tihigurg PDact i vi t yTBEe sesifold stisctoots from SEM aTay¢iveET@organic

Eog- |1 ke cr yst al SUTTRUEFIF UGS 2990070 12 EDx

result of crystalline formed in the sol ution
ﬁ'?'nt aining 3T3 cells and APB. Figure 13A-F: TE
GHBRyPERPhs of cFhatspariplkstrygiums frorm&EM ranalgsis of anorganic

Conponent s 1 noi ¢ B by EBRPEE A WD T e e

m crographs of crystalline formed in the sol ution

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
3T3 cells and APB.



containing APB only for 2 weeks (A) with conponents
i ndi cated by EDX at different |ocations, site 1 (B)

wanawssise12 (C). Figure 15A-B: TE m crograph oPCT/SG2005/000165
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crystalline (A) fornmed in the solution containing

C-2C12 cells and APB for 2 weeks with conponents

i ndi cated by EDX (B). Figure 118 A-B: SE m crograph of
deposit on coverslip (A) -and i'ts mai n conponents (B).
Figure 17: XRD patterns of crystals in solution.

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

conponents detected by EDX (B). Detail ed description

ofiguhe 1BAvient i onTEhemisragraphsi of ecrystatineisnAt@) formed in the

alleviate all the af.orenent. pne robl ens i at.ed .
Wit hv:or ocessi ng, SQ@ OBr%t%‘lgg‘gangnﬁﬂmﬁrﬁ%ﬁ%)%r& weeks with
bi omaterial wt thir@)Bn@ﬁfsqﬁH!%‘éﬂfdb iEII%?E&D-F).

ost eoconductivity, bioconpatibilit
conpar abl enechani cal strength to a natural bone. Most

AR Ahetei n, 1 Tibigapf, Shinustaigp ot df- T soluton
an "inplantabl e BgARIRGTAPBIoKIYSRHES -wéﬁl&o(ﬂLWWcomponents
for the purpose of the present a(gglel cation, the two

terns may be useindigated byanig&eaf ditferpmé loaationa: site 4 (B) and site
bi omateri al of taapi)nventi on is an anorgani c bone

granting tissue. th particular reference to the

exanpl e, the term "anorgani ¢ porcine bone" (APB) has

been used, which_refers to the inplantable biomateri al

oFiguiie 1oAvBnt i on TY npeograrh offi ggystallimee (A fasatad in the solution
| nvention provi dggngifify’ ERENP AR it REBPR6A S Oelks with

an
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
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i mpl ant abl e bi omaterial obtained frombone tissue. The
i npl ant abl e biomaterial nmay be prepared fromthe bone

woho@nisali s t hat have been bred for consunpti oRCTABR@E/000165

woul d ot herwi se have been di sposed off after cooking
(Figure 1) . These types of bone are therefore readily

and cheaply available in |large quantities. The bones

can be obtained fromany kind1df suitable vertebrate

ani mal . For exanple, frompigs, cows, and the |iKke.

Bone is a type of connective tissue that forns the

hard skel eton of npst vertebrates. Bone is partly
omgahapicat stresgthnid awiatura) bene. ast Infponantgai s a very low cost
(m. peral,ised conmponent). In any bone, the inorganic

AL BIMRIERTACEFS 65 to 70% on a dry weight basis and

the organic constituents are 30 to 35% of a dry wei ght
basis. Alnpst all of this inorganic substance (about
7A8yuses heringpthen teroal ineplahipble bjcmateirial, iswbn ctmplaatiiie bone
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materjal) is a substance c ed’ co _ /
f iN¥eBERN |5 anargartie beee grantingt tisssie. Wittopasticotarpefesesce to the
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SRemERr 468 o e B0 e B BBl JaPBlhas Been ysed, which
preféraitothé Fahlantatsle ibpbRINREST IHdiAveNRITBPpbIche origin,

sul phate, keratin sul phate, and phospholi pi ds.

Accordingly, 30 to 35% of bone iscollagen with a snall

f t : c ds, I n,s epgbedded in a
Bt ilcion BB 2, pSBL.BER0g B e Benrglied of an
nineariablebiontdterial otsthimledifrgnm Hehertissliebeconmes

distributed regularly along the length of the coll agen

fibers. B rrow lies within the spaces between the
tT'é%é’@B@gar@Pr@Pm%%rﬂ?ésmaY ecRriepared freny e dopesl animals that

c . . ti ; i esi .
B Eeabeh o HRge) WA Dl THRBEERAT b8 diposes
deff iafted cooking (Figure 1). These types of bone are therefore readily and
cheaply available in large quantities. The bones can be obtained from any

kind of suitable vertebrate animal. 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 inorganic
(mineralised component). In any bone, the inorganic constituents are 65 to
70% on a dry weight basis and the organic 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 %
of the organic matrix (also indicated as organic material) is a substance called
collagen, 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



as "...is the soft material coming fromthe center of
| arge bones, such as |eg bones. This material, which

woo0@resiom nantly fat, is separated fromthe bBa®/sG2005/000165

materi al by nmechani cal separation.” (Oficial

Publ i cati on of American Feed Control O ficials, 1997,

page 191). Five types of bone cells are found in bone

skel etal tissue: osteoprogeniﬂ%r cells, osteobl asts,

ost eocytes, osteoclasts and bone lining cells.

Ost eobl asts are involved in bone formation. Osteocytes

ari se from ost eobl asts ‘and subsequently becone

eellegppadthnatsmall fractiosokother t:bamn'd:a. Cealiagere iwathbedded in a
Latain the bone magrix. t eocl asts are . _

E@P?P%X?é%cﬁ“@&'déegw%QFE’%P@C%%’W iRPNSoRecomes mineralised,

reeocrpsiafiihe m@walmmsog%}ms e ﬁIBﬂgpéﬁﬁ@%e Jength of the

i nvention provides a netho or the preparation o

i ¢pllegpn dibess. Benmmariaw lievwithinsthegspases\batgethdhe trabeculae of
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obt aj ni bopne tissue; b) boiling the bone tissue; c

n
tﬁ‘%a't--'r'%% geftypaterial seming fonetheyeentse of targadeanes), such as leg
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oyt t bstantially renmove the organic matrix from
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non-col | agen proteins is substantially de-aggregated

7ol g0y o Lobet BEVDSIL 106k ook B BEIAeg8S Bflocentor
cells, osteoblasts, osteocytes, osteoclasts and bone lining cells. Osteoblasts
are involved 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
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chosen according to the particul ar bones of the
particul ar animal. For exanple, the bones may be
boiled from20 mnutes to 24 hours to renove the
slurry including blood, bone frrow, lipid, and the
remai ning nmuscle. In particular the bones are boil ed
from30 mnutes to 6 hours, nore in particular for 1-2
hours. According to a particul ar aspect, the nethod

chrparticekaratiie bsllingtstep ehap el cartiet fsuthtengustastitdlyi remove the
water .for 1 hour, and a second step conprising

cﬂ%'%@“@tﬁé Kxameweahan%%nThﬂmrgan@omat% mwdmamaagen and
OR6n '%%Hé%er"f‘ g?é?n% ho?#;dt)étérﬁ t&é‘ %9%% Sb8PInd lfeplié\}%%‘y by the

may op ona nprise a s
obomhgahﬂng the bone tissue before and/or after
boiling. The cleaning nmay be carried out according to
any suitable nethod known in the art. For exanple,
nmechani cally, by air or by neans of a |iquid. Water,

f Phe SnatRIE abaprdiR] & ’thé"?%{éffﬁﬁ Hsﬁfég]tc (?%r?lbﬁﬁéé r%géﬁ?r%?he boiling

ti ssue thoroughly.” I'n particular
sslgp, twicher bwite tinhes; uptiosally eharging Hoe avatht joemrerthe next step of

rloBhay TBbrBTEREEEL 3Tt it i Bola RighEdn bo chosen

t beSatgingT ite t15é PRMRUISH Homss Gﬁl'hé’%aﬁ%ﬂéregni‘?h’él PYr example, the
letting the bone tissue to dry or by heating. For

ekangs anayybeirgilag- fiemt 2Agminutas bvaﬁ hatrs tueaiemogeu the slurry

t t f

 PBAPARR T e S o B0 Ry R RS Ly et
t treabefes Eee iladPrém 30 eihdsMonetsurs Omdr8 A 'FartitWar for 1-2
particul ar 30m nutes to 1 hour., The tenperature of the

ob@HrWC@éilaa>t0®paa@ul@rt@mét dhareetiososemagses atflfét step of
SBHfiif§ theBHL1REuS NG PRAF f9RS RBLA AHF 22884 step comprising

changing the water and continuing boiling for another one hour, and optionally
repeating the steps a further two times.

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
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
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



the type of bone, for exanple 150 to 3000C, in
particular, 200 to 25Q0C. For exanple heating for 30
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possi bl e to change the position of the bone tissue to
prevent overheating in certain areas. After drying,
the bone tissue may be treated in an autocl ave for
sterilisation. This step can B& carried out for a
suitable period of tinme and at a suitable tenperature.
For exanple, from80 to 300 0C, in particular, 100 to
200C. The bone tissue can be autoclaved for 5 m nutes

t miritéo uos 1athol®0-T2R0 tefpefaiureedintiee dven heayieit®® suitable
to 120-1 250C. |.n the nethod of the invention, t

h
stegparpiurg AFCPEHRJ dp ey pouree drog whdch Hier bee wias Qh?ained and to
j : t o
CHECHLRTIRIRY of B 3880 YCE th BMSE Mo p60°C. For
Fexarepl@mheating Her S0emindtes oop2i lsmast aedd 04RPO°Te Optinally, it is

tissye at hi gh tenperature (for exanple at a o
t @%%blsﬁer&%?ggelm @eeltlgtt,ofithém HeRus topmrveny Qyerheating in
”&Fr@aih%r@éé“ cul ar 210-220 0C, preferably 210 0C to

mel't and denature the collagen, and further treating

with a solvent to dissolve the collagen. The sol vent

used to.dissolve the collagen ma € any non-toxjc e
S RS ofebiEns AGawe vt R tharted fia Aruauidgia ealof sterilisation.
agHROMS S BBt a8 &ttt Y %it%lé%gdhgpﬁnﬁ?(%ﬂﬂ'ﬁ’ suitable
et hanol, 1 n particular, 70% ethanol. er non-aqueous

stemeeratureuFoakekampte, frdne §Outop3RE Gofin tlaetiqias 4 to 200°C. The
en a I enoy

. ti ¢ : ot I q )
cBHEF 3P e DpcdfpaB ef o RunifEEs: © aeours 2 08-200°C, for
hygmpieT®r 15ahRAGS to #pl4p5e@uani di ne hydr ochl or i de.

The bone tissue nmay al so be treated with ultrasound(s)

for the maxi mal effect

In the method of the invention, the step ¢) comprises one or more steps
carried out in order to remove the collagen. Any suitable method known in the
art for removal of collagen may be used. For example, the step ¢) 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)
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in renoving the di saggregated (disrupted) and
aggregated organic matrix (mainly collagen). The step

woayoshiesoarri ed out by treating w th ultrasoun#8CspsicGroos/000165

t he presence of an al cohol. The ultrasound treatnent
may be carried out according to the known standard
protocol, for exanple for 30 m nutes at 37C. However,
time and tenperature may be vadPi ed according to the
necessity. An anorgani c bone tissue is obtained. In
particul ar, the inplantable nmaterial obtained or _
obt ai nabl e according to the invention is an anorganic

biorithet preseace afdreaohof. riee Litesoundatnéstniaitiay bEhearried out
presence of gg{hl@a}g\en in the inplantable biomateri al
|

2R diNgdortB rRieREAGrPIRiRcobden examplastay Iyminiteg at 37°C.
LApuBER o e PRIAERIY) 66 Bkl BORIRGTS 8L prcossiy. An

bamorigsnitobopeeissue iis didtainbdndn sparditolad, ithéeihfpl?ntable material
Through, t he _anal ysis of SEM EDX i n many areas of )
SHURUTELSr Ghigze AesPrdiagh & teoinygniion is ARanesgiiskene tissue
| GorfBletaly feedtoitgaRRifiafte bone. as shown in Tabl es

1 to 10. "Accordi nglfy, the rnvention provides an

i mpl antabl e biomaterial, which is free of collagen as
detectable by SEMEDX. In particular, the step (c) of

bbfie Tieagted' s iaglt "I 4% SFPIRTERBIE, bioEAterig agmting to the
ting8hon Bab MRRNOAsesbadnudig ‘1!5?‘% %Erﬂhé@x%sﬁ@élﬁgébx detects

The nmethod of the invention nay further conprise
sthepgorgpense elisulphygr (e whisteista swajer ¢amporent of collagen but is not

R T B 8 o 0 4 3R meny
e of spoyiglosalahd 661IBEOHEENE 0 QUIPPMT Wi dMteBRAN &Hy area of

a high pressure water jet. The water-jet cutting _ _
aiheoRRorgapie: hepe.oas spows noTables ahdo i10. iAccodinglyd theitinvention

us, ' 1 [ avol din ri sk o

S50 Ao AP U il o B el 2 loctablo by
SEM-EDX. In particular, the step (c) of the method of the invention comprises
treating the bone tissue to remove the collagen so that the bone tissue is free
of collagen as detectable by SEM-EDX.

The method of the invention may 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 um, 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
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of the pieces of the bone tissue can be of any
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a right-angl ed parall el epi ped, a cylinder,
pl ug- shaped, or the like. The inplantable bionmaterial

"can be sized according to the size for the particul ar

use. For exanple, it can havel8 size of 1 nMmB to 3
cnB. The suitable size and/ or shape can however be
sel ected according to the size of the traunma.
Apreferred size may be, for exanple, 5 M X 5 nm

grem@é@rs‘mmgl be (Mare&am 14,5 nﬂh >al5 mnd (di@fﬁeh@ﬂﬁ@l@h@) Martin,
Res, 16:181-18 , 1998 Tan ,. Tissue
Ehgﬁhé'eH rigrthopaedic Res, 1@@@&} 18$hé9%x‘ﬂkﬁj T@m th8., et al,. Tissue

P}l,s[ﬁte:eqs}ﬁﬁg? dyﬂ(%‘le{)ogﬁznprl se a step e) of

€ Ccu before inplantation. A step
consi sting of the dehydration and disinfection of the
bdhe mefmdeohtne impentioraiay fuethearcongstiseud step @) of steriizsing the
of the &)d of the invention. This step nay be
cSrt R nga rﬁ)}m&?ﬁﬁ“ BQ4-it through several successive

bat hs of increasingly concentrated ethanol, for

eAaé”ﬂéF%ch%%tlr%f’&’ﬁ ﬂf@dé&%&%tuﬁ?%ﬁé%siﬁ?&&%' of $e@one tissue may

excellent virucidin, it makes it possible to
spmm@ltyebﬁjgamaﬁbmtoatm stage of thaumetinedl Phihreelayentiors This step

S o8 bRy S8t S8 Sletel HEERLN coatns of
f creadinglye o@acaﬁtr%d PRI ALY RaPRIDTORY SSTPIRIE 100%

this step. The nethod of the invention may further
cB@ﬁﬁH%‘é gthang) d% packxgelient: haruciginant atinakes it possible to

Eaerféo%lgly @%Iégfr?%efgggusg i%‘?w?%i:{cretati:l%I {8 %fétb/soﬁ‘tfﬁeta Smaterial

€ supjecC erl 1 on ITsat i on

rr&mhhegaarsrﬂoeidfauﬂbnalqﬂngiﬁma Vietikuited Wéh@@ aksudtable tmperature,
the art, far ex Irradiation, either hy beta

pie@neiecio-gy’ %&Fﬁ%?fﬁ‘a'yswcﬁ@ G mgyaggmplete 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 bone tissue;
- cleaning the bone tissue with water;
- boiling the bone tissue in water;

- cleaning the boiled bone tissue;



According to a particular enbodi nent, the nethod
according to the invention conprises the steps of: -

wohb@ims4eg t he bone tissue; - cleaning the boneCriSe3ms/000165

10

15

20

25

with water; - boiling the bone tissue in water; -

cl eaning the boiled bone tissue;- drying the bone
tissue; - treating the bone tissue at a high
tenperature to melt and denatdfe coll agen; - treating
the bone tissue with a solvent to sterilise and/or

| oosen aggregated organic matrix; - allow ng the

sol vent to evaporate fromthe bone tissue; -

opt i-arghbthe bankeltiysuksr eat i ng the bone tissue with
ul trasound(s) for conpletely renoving the aggregated
organjc matrix (mainly collage More in particul ar

t he “nlEeAUNE &re (BRNG Heve ia A 'a%}tpmrawr%ﬂpamﬂltnan@ tienature

bon%o“éﬁ?#e; - cleaning the bone tissue with tap water
t horoughly; - boiling the bone tissue in the water for

1 hour, consistently renoving the slurry; - changing

t he ~wéreatingnthec drniendissget withoial sbiveniniot Isterilisehamd/or loosen
repeating fqr a further two tinmes; - cleaning the bone

t] sﬁ?@r?&%ﬁaﬁﬂm'cﬁ?ﬁ%ei oni zed water; - oven-drying

for 30 mnutes at 2200C, - autoclaving at 121 OC for

15 mdnei@sy the solvent to evaporate from the bone tissue;

- optionally, further treating the bone tissue with ultrasound(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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- oven-drying for 2 hours at a tenperature high enough
to nelt and denature collagen; - imersing the bone in

weth@nes49i or 2 days to further | oose the col | agemsG2005/000165

all owi ng the ethanol to evaporate fromthe bone by
air-drying; - cutting the bone tissue according to the
predeterm ned shape; - rinsing the cut bone in ethano
to sterilise it before inplanflition. The inplantabl e

bi omateri al obtained or obtainable according to the
present invention shows a good osteoconductive
capability (that is, it facilitates a successful

r'€belimpiardablenbiomatéral grlsthingl. orT bbtalrime sidcoadingftotthe present
i@gl ant abl. e bi omateri al obtajined or obtai nabl e
a

BPHPM NOYSa Ay IBRB RFRRFRNAICHV R CanARIRY | Giathiss ik facilitates a
%c%és%f'l?eégl?%isgﬂon Wi glafts$! | 9Nt 1y Tower than the

nat ural bone han human Hone’’as shown in Exanple 1).
US 5, 725,579 and US 6, 217,614 (both herein
i hber pomposiiioby of efher dmpidntdelec hidrmaterial ookbminddror obtainable

PSP PR RSP o3 o o .04, which
Ci@"ﬁ_?igh_ﬂil WvéMBahitBe naturbl B&hé ggaﬁ %g%ﬂ@o@é S8YRoW 1 Brample
fluid in supercritical state apted to obtain a

t1ksue containing |l ess than 2% fat on average.
Further, the process of the prior art conprises the

DB SV Bré M 1S 2T 28w, (iR ok 1SS ppfaiRi ey terence)
atlescHbd & PrateOOGITEpaNRY dRf AGREStablRY BbME HMigaRRERIX, mainly

or enzyrrat [ C t_r eat nen to e_xt ract specifi C _pr ot el ns. .
TiRecqll@ggieni withlimprevadcaiechaaigahetnengthycobrprising theaisiept of treating

N ner oxi.de 1 le. y I.c treatnent ..
A0 BaPy 688 RE L ity fPesE 08 SERE BBl G BT e
acotitainmmgleds’ #ahnByit fag RUsRsTagB! Fushég ahb \(ffo€¥ss af théPrior art
of the proteins fromthe ] ) )
comprises the step where the bone tissue, which has been treated with the
fluid in supercritical state is subjected to an additional conventional process
involving chemical or enzymatic treatment to extract 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



bone tissue and accordingly decreases the risk of
rejection of the bone tissue which has been treated in
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obt ai ned according to the nmethod of the invention does
not have a strength greater than a natural bone, but
is has a strength conparable to that of a natura

bone. Further, the method accdPding 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 renoval of proteins by protease. In

f g@lundt sebstinbed Tife thdméBeemifl bR eeaHK i%eﬁlueetﬁ)\dtsn@:ontent of
the organic matrix within t bone matri x

chRsgatis S@F"%@Vﬂ@‘é‘ﬁ%‘i"‘@r abovbzé%t obmegérmvefghtrfé bone), which
Oh9a8HhE rﬁ@%gé&%%twé’eiﬁoﬁﬁé%r@g g@gi‘)ﬂ%&lméﬁlﬂs substantially

andgr ou stanc rdnes mat ri x
tmmd)\sed:byttbetste;b of hoilipgrthe txomlet Bsguey diexgeapaininigeof the organic

t 75% t ht of b , \
R (S Sentell ol BEes. SrireEante it suitable
i ﬁ\éih@c?tl@{di/\hﬁ'n‘\ KhECARY Rt @yalﬁbe By Cireind e IBthd B8sue with a

bone tissue. The remainin the organic matrix
sabitablatsiolvdny, inopanticslang mrm -Bgyeous solvent\fod eygsimpie anyalcohol.

i tabl. hod in th rt, f | e b
* REBEE P v Grrahes o Beyinior srinsREScBpoRNtY e collagen
P@fthi £ 4bREend Wﬁ"@hqﬁé?%ésetﬁghﬁle(iﬁ ’pafrﬁkfuléﬁ % &tRdnol), hydrazine,
al cohol . Accor di ngl y, the meth of the invention

cmqﬁlnamis mcyeblguaigdmaehydnopb@@dew lHaweven| othar, suitable non-

WaJ t . (. [ 0% et h I
he'aﬁga#‘%éo@ﬁaﬁ@ﬂo”ﬁ* g A My RS och or 1 de.

RUB v P Bt B S Re B B0 U8R e R st of
th@aﬁrﬁ@%ﬁé"boh@"t%%he%tﬁquml@m sGQ@%htléﬁ Safd. Furer, the method
treating the bone tissue with a urd in supercrltlcal

saaeedireuta ther mveneomdoﬁ@aotac@mpasa@ steptafaemeving pioteins with

195 oiso VRN Sihef oRbiiRafl HESIRLANT Protei ns with

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. For example a mammal, including a
human. The present invention also includes the cosmetic 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 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
according to the invention may also be used to bone augmentation in general.
The implantable biomaterial may 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
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a protease or any other enzymatic treatment. According
to anot her aspect, the nethod of the invention

woanpriis®es preparing an i npl ant abl e bi omat er i aPCa8G2005/000165

descri bed above and further a step of inplanting the

bi omaterial in a vertebrate. For exanple a mammal ,

i ncludi ng a human. The present invention al so includes

the cosnetic step of inplanti®§ the biomaterial in a

vertebrate. In general, the inplantation nmay be

carried out for purposes of replacing and/ or

reconstructing a bone in the body, for exanple as a

ceerselyats owyobean marhomg), for eXasegiee humarperigser Benon-human
repl ace and/ or reconstruct periodontal defects

aﬁﬁaag |odontal regeneration. The inplantable

bi omateri al according to the invention nmay al so be

uS@ﬂekémbmdﬂgmt\ﬂéularbé ﬁ‘ld fH ortl&isa écﬂE'a@?B @Q‘gﬁs and in

bi onat er1 al al so be used for cosnetic sur

eR@WﬁW@F witen §%¢ grail lSspLﬁe\uﬁdﬁrnleddoneam/man’mnart esplrﬁajrsurgery

¥%lﬂfgtsf§>|ée %g?&engp? F etg%acﬂéc% g%pgr]{ggégsrttruc ion of the base
defsﬂw t:@ﬂyr@taﬁh?@wdsﬁc BUTGEIYR bstddtbme X PEBLGAVGZR) arthrodesis,

bei n a non- human manmal . For exanple such grafts
ved %'ékq ndi cated in orthopaedic applications and in
particul ar when the graft is put under load, i.e. in

particul ar: spinal surgery (cervical fusion,

r €pé atunplamablefblbmaﬂbaialdac%:@ﬁdm@ﬁ'@)che ireePfishis e haturaf anorganic
the base of the , art hropl astic surgery
oe?'é%t'%‘ﬁiﬁntd?@?d@grt?’ﬂ? dap salmast Hh@oﬁmg CQiApOsitien |ak @ human

106 SR OB SERIA S A PR A e
atarmpsrowh&iscandhisoimulant has the agmtutmnmmemen and 3-dirhénsional
gaflrt%ﬂgﬁftu?e : of & Do %gy ti'?ec %fofd?/lv(\j/ou eé\?en ual?y ?&ngge (%he srg:affold with
natural bone tissue, and naturally remodel the implant. There will also be no
mechanical mismatch between this implant and that of existing tissues as they

are made of the 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 implantable 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
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.

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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can grow. Since this inplant has the right conposition
and 3-di nensi onal architecture of a bone, the body

woawsdiswent ual |y repl ace the scaffold with naPadralz2005/000165

bone tissue, and naturally renodel the inplant. There
will also be no nmechanical msmatch between this

i nplant and that of existing tissues as they are nmade
of the sane material, and havélidentical structures.
According to a further aspect, the invention nay also
conprise a further step of cultivating the inplantable
bi omaterial in vitro prior to inplantation. Further,

t iwentionolt pajicelanpthiesinpanstable bionsatedainiyas BeCa/P ratio of about
[ antable biomaterial with the patient's own
isol’ated cells prior to inplantation. In particular,
the conposition of the inplantable bionmateri al

oAtedrarth oto omethepbhepa&iC ofHl n&vb@gﬁ_ﬂ)y Ipi(?@&’é’é' ”Eﬁt é’ﬁ{plantable

the nmethod of the invention has a I o of
| hiopaaterialywaereiniee insplentakle bidreateniabistmade dames book tissue and

i f.treating the issue wth a
PBEpiond ShiBBef, v, deRrable! BR-SERGRRITHE s Womaterial. The
alsipatdterialhvaal eean ian i BRI iX. i
bi Igmau g?i al agr epar edaf:\gﬁ:rg?gi@l)ﬁg ft?%é gny gm ﬁ]earwx oIP particular,

t fhe hipmaterialmasieCalR rtiasnof aboysdr@4.cul ar, the
i mpl ant abl e biomaterial has a Ca/P ratio of about

1 ¥ N gt t he invention . .
LTS A ok ALl 92 RS edd Ty MR R Jo mplntation.
i npt axamples thedmgilantable biomatdeal iy benseddeSWRhaRE patient's
wher ei n_no c?l | agen | s detectable by SEMEDX in the
b‘?"(‘f%?cg?ﬁeglqe "‘Frpé%ﬁit%%k)lémaélonnay be an anorgani c bone

free fromorganic matrix. In particular, the

b_ . | / H . e . .
PAGTBFIAN AN 48 B0 R0 Byl LSy e pqmorsing e
pmpdantable maltental arépared 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.

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 preparation 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
Ca/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
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For exanple, the inplantable biomaterial may be seeded
wWth the patient's own isolated cells prior to

wonpisansati on. Accordi ngly, the invention al soPOTSGR@EM00165

an in vitro cell culture conprising the inplantable
mat eri al prepared according to any enbodi nent of the
nmet hod of the invention. The in vitro cell culture nmay
conprlse t he i npl ant abl e bi oméferi al seeded with the
patient's own cells. According to another aspect, the
present invention provides a package or kit conprising
the i nplantabl e biomaterial as descri bed above. The

bineehasicahistreogtiv ic edtural bbee.piiosadeportakily, itHy deery low cost
%EI‘I | i sed Acco%fl{ n%ea g anot her aspect, it is

¢ SRS PrasEss tn e %Fég PRE i iNemanAgr pranosedabl e
b| onaterial of any enbodi ment of the present invention
for inplantation in a vertebrate, wherein no coll agen
|Euab@readysntaaw sEMhED)Oventlmmearenﬁaanalauhe processmg involves

ah%pg@et?‘%ﬁbb 'g”?%fl? OS,?? &rqg% @rraHgs r)%lcilcheﬂ?{ ceﬁs proteases and

fthoGutefuirid / t -0
RPRRSSISIAIN] ScURTahpTcRe Saneruil LR 1% Shpfiita ste

eﬁh@dﬁﬁ@ﬁtecbboﬂm prpcess i and/eoultsasartie treadimeabsare excellent for

e bk e Hetfof Anc BN MfiguchdnBb% B pYsical and
t ¢isesrnizanpidpditied ob tHeeBbne eAffNH ! Acc&‘aﬁrfg)ﬁpﬂ@mémn s the ECM

bi oconpati bility, and conparabl enechanical streng
ndRq eanep@esrovkisells iwip drer sempyed iffom ghe ey tlrsswe can‘sit only the

th
o RO 38 SR o e by b ST grtes
azhl nehgapriosessilndisi ANGlefEe mmyalostécﬁ;@haaaﬁ@e anRfhd safe for
sol vents wi thout toxic chem cals, proteases, and

wm aatipagrithqui ghe Fskef wealinection @rtmaw@lcwwai ralectlon
fluid in a supercritical state.

Having now generally described the invention, the 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 [Cao(PO4)s(OH)]. 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 (CO3%), 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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properties of the bone scaffold. According to the

i nvention, the ECM and bone marrow cells will be
renoved fromthe bone tissue and only. the bone
scaffold will remain. Such a ®8terial has al nost the
same properties as a natural bone. It is therefore
hi ghly osteoconductive, and safe for inplantation

W thout the risk of viral infection or inmmunol ogical

regr@'cfemosuch—gmup@ nefergenterad tarbdaats apatitet taeher than HA (Bonar
readily under st ood

t hof 1rJe18t8P‘§ Rgshéfﬁgi e ﬁé7§)céfrhﬁ BEPURS @ftragbenate and
pbﬁMéMe b WBMe Oér%/éﬂa'lél%tré %!a%e uﬂs@b?e @&j R/Ebﬁ%ﬁ\% which

limting of the present ent
Emnﬂl dén lanairopartabborrete dh élseseb@mell fqrrmitlbnyemmaﬁs&tmn and

r OSB3 EaBt R By Rt 1741629

of HA found in biological tissues such as bone
enanel, dentin and other calcified tissues contain
ofl RermaipgiRg ofsanihsiis HAmeparation dopbop Babstitytasuare of synthetic

t PP And st BTG Gl ntl SRty oA e bipkbical calcium

1BRasphate 1- iystdRey i, @onak. . F@ﬁéC' hydrbx§apatitent is 1%%%entlally
; 49:251-258). Bone crystals either do not contain

hpaFWdab'@@ﬂ%t Q:rmoamtmr\eﬁa}e péttAsiscmly PolfpSe per year (Fleming
S B8l 0 OPRgeRARh AR 4Gy L 08D AR Moo
gcmcsfareanbmbtlﬁleamw have less tensile strength than bones (Jarcho
M., Clin Orthop. 1981,157:259-278; Truumees E, et al., Univ of Pennsylvania
Orthopaedic J 1999, 12:77-88). These synthetic calcium phosphate crystals
are not only chemically and structurally distinct from the apatite crystals of
bones, but in some cases, they contain varying amounts of amofphous
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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(LeGerps RZ. Tung Ms., Caries Res. 1983; 17:419-429).
The majoring of synthetic HA preparation for bone
substitutes are of synthetic origin and distinct
structurally and chenically f2ém the biol ogi ca

cal ci um phosphate crystals in bones. Pure
hydroxyapatite is essentially nondegradabl e and the
resorption rate of HAis only 5-15 % per year (Flem ng

J&al’(%af;eh ‘e chémitaly Shd rsthietdre AMtryd@il9;(Sakde T, et al., J Dent

357- Cal ci um Ehosphat e ceramcs are nore brittle

aRashd 9881 &751229r4RB4). sky efigical triels weingsanargesito benes, good

Onp oo Rty PhidlfieBPRichl Sme; S EBrect Flsoflin in various
Tsiasgiopgnihde been cdmonsiratbds(Rictiardeoy TR| et al.e JnGlin Periodont.
g&&?chem caliﬁy and structural ly distinct fromt

e ey 98 Y oonotiengsal- ot ) Gral Selelged Rl HEpe: 1472-76;

. . ; o

COYTRER AU, MPYTOR UpIBERTA 1008, PSBep 040 However,

%E;eie %e e?rtain. corfraxivylicated id\?rthhpa’a.fdi% 3Q@Erife31(:Sciadini MF, et al.,
- L Tr es_F, oW t z , Unjv _

PeHSYe Ras 19871 ﬁé@é&gﬁ%ﬁ%@gg; petral. gt el dfiaiofac Impl.

2%9?'3’11:2@@—%6; ﬁa’épaﬁgel\ﬁ' eP4l) BidMafPMRASI®3433-437), such as a

theti'c cal ¢i um phosphate ‘al'so contains cal ci um
sedusesueisistanaeatoc mecharicdk stre§8 e pramtdistaforatystalisatiom and a

sal t ave n the subject of an extensively |ong
tﬂ?ﬁys’gﬂ@?dﬁgﬁisﬁb%sti gate the effect on bone
m neral i sation, dissolution and further biol ogical

f eogirhensalr sh@tsgekitharthesBhasgrait Mafieriaib &onehow a variety of
contai n approxi mately one third of organic
QH%EI

c@ﬂ@@bﬁiﬁi@nﬁgar&qgr efj ANy Gfpdrieharefvernglifferent from those of
CRg{u?glegorgésb(édﬁe(lgﬁ’.hégh%%h%n i B%-ﬁs‘ and’ Bﬂ%rl\lﬁ‘fdlant materials

in maintenance of the alveolar ridge of the mandibule in man. In: Huggler AH,
Kuner EH, editors. Hefte zur unfaltheinde 216. Berlin: Springer’ 1991. p11;
Lorenzoni M,et al., Int J Oral Maxillofac Impl 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 materials 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. 1981;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
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phosphor ous bond of collagen or non-col |l agenous
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i solate natural animal bones fromorganic matrix

wi t hout producing significantchanges in the chemistry
and structure of crystals (Sakae T, et al., J Dent

Res. 1988; 67:1229-1234). In @inical trials using
anor gani ¢ bones, good osteoconductivity,

ost eoi ntegrati on and good defect resolution in various
situations has been denonstrated (R chardson CR, et
Ampl 1]999Im?21763dlgc51’énzd@9l9| 31661421ht4128]rawma3@ldfacﬂtnpl 1998;
al ., Int Oral Maxillofac Inpl 1999; 14:72-76;
Lb’isaﬁmfi)m et al., Int J Oral Maxillofac I npl. 1998;
13:639-646). However, there are certain
contra-indicated in orthopaedic surgeries (Sciadini

o g ack RGP ¥ ron FRAARE yeBggR B5 g
Raestpaaitboﬂé free af orgdBiiomedtax vii®ut diSrupsigade) naislmimrystallme
ress,

gg"é‘i%é%d 86?5@? I?lqn 'gf‘f'gr?nn? han| Cﬁg},\PlesP ,ﬁ?&ﬁpﬁ@l properties
S@lth $he QRiTBPXRDaéné!ggseSEﬁﬁ-Eﬁﬁ@éﬁé ANt ahd elas‘umty test.

materials can show a variety of conpositions and
properties, many of which are very different from
those of natural bones (Boyne PJ. Conparison of

Bi 0-Gss and other inplant materials in nmaintenance of

t VEO ' of the mandi bule in man. In:
Fﬂ%&&é%EA#\% Mﬁ]tgr% , editors. Heft'e zur unfall heinde
216. Berlin: Springer’ 1991 . p 11; Lorenzoni M et
al., Int J Oal Mxillofac | npl- 1998; 13: 639-646;
McAllister BS, et al., Int J Periodont Restor Dent
18ggnning QPP"M)‘“CFMWIW%HQ@I Sderi vatives are

frequently used such as phosphate ceramcs, tricalcium

Pl gé%ﬁrﬁaniﬁ% Eén m%ggﬁ%@sé%ﬁ@s%ef@ﬂ%éﬁédch &nh% 1 cm x
um sul phat e hysi cochem cal properties
of)arwsebaﬁmrerbalhg matbdmmed as indicated in the preparation of an
anorganic bone. Scanning electron microscopic (SEM) investigations were
carried out on the basic prepared anorganic porcine bone with dense and
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).

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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I nvestigated depending on their interfaces with host
bone and descri bed as bioinert or bioactive. Although

woiosansavi cs provide a scaffold for the i ngrowps/86£005/000165

bone fromthe adjacent host bone, they have no

i nherent bone formng ability and also provide limted
mechani cal strength and hlndergd by the varlable

resorption (Jarcho M, din o? hop. 198l ;

57:259-278) . Alternatlvely, nat ural bone nlnerals have

been clinically used in various situations to

facilitate the growth of new bones into osseous

dbTstiens 3846 c(llféﬁtfmbrCQIRpraitonalCantOnQMA) PErosstead. speed of the

1 4 l t al Int . J. O
I\ge%??rl g\?aac% %‘? Lﬂllp d%é swangpléqé]%Q”frWaé:!ryapone with an
|éhvnrbrﬁ3‘1@rhtal\/hwn|ldlf?,f @CSG%FHt 232898; 13:639-646). The

met hod according to the invention represents a
procedure for purifying natural bone free of organic
matri x wi thout disrupting the natural crystalline
Shl I racterisation is enphasised in
pﬁ?gﬁ%g¥§ﬁgﬁﬁggﬁ§€roperties with the aid of XRD
anal ysi s, SEM EDX and nechani cal and elasticity test
Ngterlals a ﬂ Met hods Scannln el ectron nicroscop

paaye 889? Q MALX Ao 10 }W@amtﬁrﬁ@ﬁ%tb@r@@r@@meter of a
bones were dissected 1 cmx 1 cmx 0.5 cm before being
alieseurdvearosimetedi (toporen Iif 2426 droin aMiromefritias) directly. The
anor gani ¢ bone. Scanning el ectron m croscopic (SEM
| saraple \was analysedfrom & tol 60J000psion t he basic prepared
anor gani ¢ porci ne bone with dense and sponge and the
surface of crystalline structure fromthe bone. The
studies were carried out after sputtering the sanples
Visiohatih &f nHr DeHi kbt SiRHRL Histix T om the dense
and spongi osa anorgani c wer e o erved and
constituents of each crystalline were anal ysed by
skmMmgghod 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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into 5 mMmx 3 mmx 6 mm di mensi on typically. The bones

wer e | oaded along the |longitudinal axis onlnstron 3345

(I'nstron Corporation, Canton, MA). Crosshead speed of

the tester was 1 nminin. All data was collected from

dry bone with an environnmental humdity of 50% at 23C.

Porosity test method Sponge bone (10 nmx 10 mm x 10

nm) was put into the penetroneter of a nercury

pandsemeled fohntthg disasksbtialet? OaftiayesMAfterthat it wes) cleaned with

directly. The s ngl e was analysed fromO to 60, 000 )

pdgionjseg) \a@t%@r@f Yedraried feronars abe181C opgrasienathitghapging the
hod I - Lenv nj t Il X d, .

@gﬁggﬁa;@? 5%%\@%0395&&%? 'Bhogghgte gtragﬁa?%o ds rg?ngt r?é"“t' the

ddisaggreyhtse ongaris andtriv ems Favdiallyp eerabied bgfsuchttvesatinent. Under

bon [ree frowgor anic matrix éthe ingjl ant abl e

bfdcmireaiment. Qe%'?‘@'ﬁ%“r"é'\‘ﬁsam itely reovRE- st ages as

foll ows. Anorgani c porcine bone (APB) preparation The

awﬁmt@nggrbaﬁé%gﬁ‘%&ﬁﬁgkeﬁ@s obt ai ned by renoving

t he epl physSealr and diI any gion of fresh sw ne

fenora. Preparation of porcine | ong bones A fresh

por ci ne |1 ong bone chopped into several pieces was
oBfter mkeyinr the rhateshbwgist autoolaved & $2¢3C dér 15 minutes to have

SO GHLTRL i, T S8 R o or
t AgfrRidBiovidlthe oil and loosening organic matrix attachment. They were

then ultrasoniced for 30 min at 37°C for further removal of the aggregated

organic matrix (mainly collagen) with sterilisation effect contributed from 70%
alcohol. This step lasted for about 4 hrs until the solution had no turbidity.
The 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 at 121 °C for 15 min to have maximal sterilisation.

The architecture of trabecular and cortical bones was kept intact 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 anorganic 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



10

15

20

25

boiled in the water for 2 hrs with frequent changi ng
of the water approximtely every 30 mnutes to renove

woheosslismory. The material was cl eaned with wat eCamsd2005/000165

renmoved fromthe disassociated cartil ages. After that
it was cleaned wth deionised water and oven-dried for
2 hrs at 210C, occasionally changlng the position to
prevent overheating in certaiB8areas. At this point,

t he di saggregated organic matrix was partially renoved
by such treatnent. Under such treatnent, bone marrow
was conpletely renoved. Dissociation of bone matrix

csinsttiteuXRED &f satalldpigtey of tduehnai@gbaic posirsboakastisived no
utes to have m nini sed

PTG Ande RS cBesal oM Bt rE: Bhmer sed i n 70

% et hanol for further removing the oil and | oosening
organic matri x attachnment. They were then ultrasoniced
f bre 3¥RA npattedsC dforthé udetined ramargahicofbdriee and the synthetic

R BRPLHE! 98T e idhtbah: he AOmORN fisndihowed typical
Tcﬂﬁffﬁa(ﬁbﬂrbéa?@tﬁ@f @éndibgﬂ”of f'yﬂ“(‘fa? c‘éﬂﬁurh ﬁﬁb“s Q &Eb@?ar%d to the

had no turbidity.- The material was replace
7emtaetiodh. AhowglHheoanarganisebowel.is Wimilar tto asymdinetic HA, the

RGeS ool EiSahie chd Bl Fenbeie ndiniL R analysis
t e Hrosdtintrisréeté dinevasesUifmS im\eedefyn bdhdospbe®ti®l. Be small
121 OC for 15 min to have maximal sterilisation. The

anENTareaee liBest represduharcrusials of the alynthetissHiaend egftowed a
i lJer.size of dinmension. The
(Eﬁruc t&‘fﬂgé@%@ @%@%réggtcgghéones wer e shaped and si zed

bet ween 3 cm and 0.5 cmin this experinental study.
Cll:uar act er tion of .anorgani ¢ xenografts Crystalline

hecristel B FUSIHE TID W6t RYnelC fife idotsseiore.omase vigorous than
dinbEerigthe @Hﬁ%éﬁiﬁ e WG i fkePleCa G g2RREbone more adaptive

to 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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XRD of small pieces of such anorgani c porcine bone

showed no significant changes in the crystal

conponents (Fig. 3). The XRD patterns of the derived

anor gani ¢ bone and the synthe2Pc hydroxyapatite are

nearly identical. The anorgani c bone showed typical

diffraction peaks at 2 11 and 002 of typical calcium

phosphate conpared to the synthetic HA. Al though the

aRhygizal propertiessobandlganicporeiidibbhe HA, the smal |

crystals fromthe anorgani c bone are represented in

tEe XE%D anal ysis by broad interference I|ines,

r ng in a very broad spectrum The snmall

interference lines represent the crystals of the

SYR& hgpical SHudtifes Bpedsa W%E&ﬁﬁbéﬁ%dﬁ@s‘ é!ré“@ﬁé\m’i’ in Figures

spectfum The crystal structure i e synthetic

i 6A-K hmadyl‘s@deby i . Vit resutst diemonﬁmatedl et bige lnterconnectlve
i,ch make the, anor

RGP S St s o e 7 BB AR B Fbihticiye mineral of

CpoRMATE bbAs c@ﬁ%ﬁkté‘bﬂﬁ% %o%ﬁér’é@%Fﬂ“@AzVﬁkﬁ‘bbores in dense (Fig.
osition of anorgani c porcine bonhe
aﬁgfgaﬁéﬁn@ylggdgmmg) @necinterarysialiing spagesinedgyse (Fig. 6C) and

(I B T ) R BT Rer NYE i) BBt e soafion

Naitdss Fectibn Gioah SENHEDK iRbgbs EFigBE). THbEdh Hﬁéé%uﬁng the largest
typical Ca/P ratio of 1.64, sllghtly | oner than th

hanare B assesseghoore, tesiag of mqrwnﬁtalsm@aberomnztely around

AREY I ST h% 8%@5@9 r%%gtf%i)y R &iNoveF p?lgﬁrnéfcf%@lt%gf% 9, and inner

Char act". I'n a i

stariaes of Gad Ratwtl bonedﬂ'hathlg@ ﬁdﬂ@sn@oﬁﬁdﬁnhemﬁuﬂécé‘mll greatly
there were other mnerals such as My, found in th

aﬁah@}ﬁﬁ ghep@iegpﬂgtl%,pé hoghjhone repair into the inner part of the graft
materials.

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 and 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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typi cal structures of dense and spongi osa bones are
shown in Figures 6A-E anal ysed by SEM The results
denonstrated the side interconnective pore system of
natural bone minerals. In gendal, the natural bone
m neral of porcine bone consists of the macr opor es
(Fig 6A), mcropores in dense (Fig. 6B) and sponge
(Fig. 6D)1 and intercrystalline spaces in dense (Fig.
B'leénﬂ(mgqumge (Fig. 6E). The crystal sizes were
irectly measur the scaffold cross section-fron
SEMEEQ& il gages ((Ji g 6Qy, Through meaguring|the | afigest
aXi s of tthe asgessed pore, the size|of mcnocryst§ls
s—approximatgty arognd— 100 T The syste resulft ed
I 1 Ammicow er3al | Hidghe poriogéty 0f0.165 %|ahdl | nneéPs sur flace
off the natural |bone. The high porosiity and|i nner
surface wlT greatly enhance the penetration of host
bone repair into the inner part of the graft
mat eri al s. Physical properties The nmeasurenent showed
ga,tglemgzr_. sive strength of an anorganic corti cal
b A a, which is in the sane range as
npar ed o thjt of tHe humanj cortidal bone, which is
[

40 WW%WSTH% synthetic |H8 showel hi gh Tonpressi ve
stirength [t hat rlepresents a hilgh stiflfness gnd a hiigh
deq@%&xo thsynt@gglc qﬁkprlalémgn dqgpari gon to the
sufrroundi host recipgient bane. Thg nodul s of

el asticity for anorganic cortical bone was 1. 1 Gpa in
maxi mal strength, and the average strength was around
621 .4 MPa. On the other

Table 3 (Figure 7C)

Elements Ca 0 Mg Al C P
Atomic % | 6.83 68.71 - 0.36 17.09 7.01
Table 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 nbn-homogenous constituents of crystallines

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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Table 3 (Figure 7C) Distribution of non-honogenous
constituents of crystallines in anorganic dense and
spongi osa bones Chem cal conposition of individua
crystallines in anorgani c denS8& bones Al though 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

dmpo@ndnwoacqrgﬁanh@@s inflik@rceb afk Galkts @Maoskieho ko afhich it is
a graft material influences the rate and extent to

winicerparatedsinte doe heshiissie and thesubssauentsehivsieal Fharacteristics

fﬁP@g@?%ﬁﬂYﬁ#ﬁﬁélg&H% fifd Bé ?f’érﬁﬁd&i éhﬁ‘\ rrpost’?gﬂléﬁs of graft

one“reno I ons

Ofn@érﬁls alsg ﬂﬁiu@heeajldli’@ dn@?cbluﬁamembmnahshé@?]géwwwras formation.
nm_neralisatjon as well as fornmtion, To differentiat
t he Qfferanbale thsnsbsimicas fomposibe o1eaqh insidual crystaiine, four

?Hﬁﬂ@.ﬁél' gglstélﬁlgé éﬁ@étgk&“q}%rﬁrﬁ%t 3 drisBe pdheYShyr %ﬁ( from the
romthe nse S X spongi osa bo
wepengiesz bbad Were stiidétedforaBBEMyEDX zélﬁalgslseéElgnrema a‘@d 8).

The nor phol ogy and conponents are shown in the

{Tiﬁgr gﬂr %h égﬁﬁ%%ﬁj@}%gﬁ%gﬁs cg/vrg@\ tl% ngc%%ga;%s’ E?qrﬁented in
tRRUFO I, OBacmeD)?B@trrJ@é&@ Béhéfahasl:l?i]ﬁé eqwm@@tﬁ E and

of “each crystall|ne in dense bone suggeste
eE),stanﬁ‘@ spongiosal boet Theueharadierisies and a:lornponents of each

S W th di T

iRl T Bepbdiont tibcrel i Dol i) ABfot duminium,
elo@mhnbu SAYstaMineda justiivith dﬂﬂ’@l@he%td)ﬂmd % (a8 Aldj hiicated as

of 'dense 4° (Figure 7D, Tab 4). The cryst al line
cdapse t1ut@ndgnsﬁ 4 respectlvely) The element sodium, Na, only appeared in
the crystalline of dense 4 (Figure 7D, Table 4). The crystalline constituents of
dense 2 (Figure 7B, Table 2) and dense 3 (Figure 7C, Table 3) did not have
the typical element of phosphate (P) or magnesium (Mg), individually,
compared 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
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 1 to 6 respectively). Four of the six crystalline structures were
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.



10

wWORdosans4avagnesi um (M) ,

dense 2 (Figure 7Bl Table 2) and dense 3 (Figure 7C,

Table 3) did not have the typical elenent of phosphate

i ndi vi dual |y, conpar edPCT/SGR@5/000165
overall crystal structure of the anorganic porcine
bone in Figures 4 and 5. The ratio of Ca/P of each
i ndi vidual crystalline was all below 1. The atomc
of alumnium (Al) had a very v¥aériable range within
these four crystalline structures. The smallest % of

Al is 0.02%in dense 2 (Figure 7B, Table 2) and could

be 400 X increnents in dense 4 (Figure 7D, Table 4).
Cooparegidohooft benstituswtsbiotnd, eddte caystaliing that Wen@ave analysed is
s&ﬁr{uatu eE fra%lmthe spongi osa bone showed sim | ar

clziedin deRles %i'Ph different el ement conbination

(Figures 8A-F, sponges 1 to 6 respectively). Four of

tirabfd 5 (Figurb @A) ne structures were deficient in the

%

el ement A", and 'the atomc %of Al in the spongiosa 1

and 2 was_quite equivalent. The ratig of Ca/P of all

cryshal 1 ijng strucgdures 15 beligy 1, si(,gi lar |to the

cfystallijne stryctures fromthe dense bone. |[I't was
so—observed—that—there—was hi-ghet—at-orm-6

pes@ent age.2of sqdidm i nf the spargi 0sa 4sbene tlhan i njt he

dense bone. Conparison of constlituents from each

crystalline that we have analysed is listed in Tables
5-10. Table 5 (Figure 8A) Table 6 (Figure 8B) Table 7

IRl §4Pr 3R 6r) The T esul 1o from the SEM EDX

anal ysi s denonstrated that the porcine natural bone
hias overal | simijlar conponents as thea naturgl bone]as
t |FE*Me45 P, | SRhi ch | © Mg Al c P
Atomic% | 4.73 75.11 0.17 15.15 4.84
Table 7 (Figure 8C)
Elements Ca o Mg Al C P
Atomic % 0.04 3547 - - 64.49 -
Table 8 (Figure 8D)
Elements Ca (0] Mg Al c P Na
Atomic % 1.27 92.25 0.13 - 5.85 0.50
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s 1.64. Interestingly, there is non-honpbgenous
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structures. Extra elements such as Al and Na, if not

all, are commonly added in different crystalline

structures, as sone of crystallines may not consist of

sone basic elements like P, 33 and/or My. Discussion
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n this experinment, the data clearly denonstrates that
he nmet hod of the invention for preparing an anorganic

porci ne bone (inplantable biomterial) naintains the
ITHls1eto ngbi'é geyure, the crystal structure and the

chem ca

conmponents of dense and spongi osa bone
nal ysed hy XRD and SEM EDX. Th

.@% e,hs Hldaght Iy J ower {fgan the hydroxyapati

pe (1
Blclogi cal| apatites diffler fromthe pure HA

Q
«

Na, d hosphatle, etc! and tiace el enents such

O POSt ttorm—ceryst at—stfze—andjmor pilUi 0gy as deter
Woages, Qtiaer minass el enents such as |RYyR carbBéhate

strontlum Sr | ead, Pb; chromum OCr; zinc, Zn;
Ni ckel, N .; etc. (Feat herstone, JDB, et al., Calcif.

T4 e . x 35:169-171 ; McConnel, D., Biochim
BT%%%ygd @gyig%h% 32:169-174; Brown WE, Chow LC,
Ann. Res. Mater. Sci. 1976; 6:213- 226; Arends J,

bavi dson [C 1 Callcif. Ti|ss. Reg. 1975; 18: 65- 19;

HEeds RA2 Ardl orall "Biol . ([ 1H74: 268 63- 71 Lé®2r o4
7  Baonell G Calc. _Tids. Res.| 1978: 126:1 11 11;

“—I'I'II_I_I

I']Acin‘gcgf w'@tﬂ.ed Gaj,0f PO4)H60OH) 2 for IOL uesdHA ¢ang be 0.11

aced by (Ca,| Na, M{, K)10(Po4, cd8, HPOd)6(Oh, O,

)2 for b| oI ogi cal apatite. The low Ca/P of APB coul d

be expl ai ned by ot her m nor substitutes with Ca such

in our case. The perce

cTbrahsults ram e SV EOK anclisis AOMOBUALeY BiR i peisine natura

d

15.

20

gﬁp%Msoo%raﬁ:%{rﬁﬂar"\%nqgoﬁél{tg%%%%QGF’&I'Ho‘?1e' &s &he Ca/P, which
is 1.64. Interestingly, there is non-homogenous distribution of basic elements
like ACa, P, C, O, and Mg in most of the area based on the crystaliine
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 Cal/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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bone (LeCGeros RZ. Incorporation of nmagnesiumin
synthetic and biol ogical apatites: a prelimnary
report. In: Tooth Enanel |V, Tearnhead RW Suga S;
Eds. El sevier: Ansterdam 32-3% 1984). The XRD pattern
of ABP suggests that the whole structure remains well
intact in terns of carbonate apatite with m nor My
substitutes. The ABP also well preserves physical

RESREPD] Blsrdmiubrer@B e, B INiBk&IaNI S tete NFeathattsid, JDB) et al.,
and crystalline structures_includi ng nmacropores,
ealebpbissedntl 198%r¥n:§69-dITi MclapuabsD- OBIoCHEN: RiopPhys. Acta.
SR REEP e ni I NQ CR91a
Cl G 2 e R LR BN B IR B e R G eRR By 976 6:213
23] Aehdsnt, Davidéored,, Calketr TissnRes7 Q976 et B#%el OmesGeros RZ.,

Fo o TSR BB . 7
. ! I

S99 S48 SNt W B o
t ﬂ?meieqtl\ng,leK)@(lﬂﬁd@ GOYEIPOgR(QH! 6l,IF)s &iribiologinal apatied The low
Lo o e R 57 o
glglgn'ﬂfae nd %N dur &% %%é)r%eﬁée aGe B! élerlnbhﬁ‘ C""i%%@ﬁ?’iti%al factor

ti né bone retains the ral °m neral content o
tinecdrdrieytivdnite Hhe rratie rofeGa/h evttiohplagkorated oapatiteris a dominant
conpared fo. syntheti dr ox atite. The form of
-Hovguin ef wEPl Al Sisielitia SRR a8 Adua SR ahalysed It hes
aSeb &S] Btht! tReRAFHbRate HEcRlbRGS I8 sy ARhBHE frR@8ntin and
for interaction, a correct three di nensional "structure
posise L gGesupiiR2 dntorpatatiat of mgaghesicrel in synthetic a_md biological
pégelatlltfeg:r g tplrglliqmin%r{/frg{ngrr@.t fn?trld%% %ShamrﬁellllV?ﬁ'e%l?n éa?ds 'R?N, Suga S;

Eds. Elsevier: Amsterdam:32-36, 1984).

The XRD pattern of ABP suggests that the whole structure remains well intact
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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crystalline structure conposing the structure of

spongi osa and dense bone further builds up the
conplexity network of scaffold for directing cel
proliferation, differentiatiof®and bone formation. The
nat ural bone does not only provide the source for
bui | ding up the new bone, it al so provides the
conplicated 3D structure as well as a network of

conbi nation of bionmaterials. Such a conplicated system

for directing bone renDdellln i 'S not  eas
r BB PO dth} aBRRgaB{mPHIEIne: b e é@ﬁamsstheéi%mfﬁe’n@era' content of

%%Spbﬁé' QR éhf Rﬁrs%gmrsc 1@%8%%8@@@2%9@@33%@% synthetic

i dsal bromat I'n Vi ana
dhw:brokwhpaimépr@heplfwhi oof. dherganar gporcingohoinee baxe,a high

wg%q v@e% oy S P ITREChy Ho0E Sl iR AlB < purtace for

I t k
Rerabfifn 16 oridbs CHAGR! BirkensibRHE Kot ioRsiLty [R@fted for

nes due to certain
edpecchngehfn&aielldorbﬁﬁecaﬂan eliffergntiation ag wellmsoipaptpsis.
Exanple is to investigate the
di ssol ution/precipitation of crystalline structures

fﬁ‘\ﬁ?nttl‘?@cic@ﬂﬁféf%'ﬂ PRI lﬂﬁthé%lﬁbrgf&?%@%&fcﬂ%w ddte@the complex

out ost eobl ast s ceIIs, and to enphasi se vari ous
obsdasataf omaturat| pareihet bohenas shewnaln Sigurenbumeseh tRigue non-

ceiabedt) s arvaffife st BhueoromboRRa e, Bl fie el Bibhtosa and
| g8fsé ib@helfurtneabhn@l@ B@Smbsccﬁﬁpl'ém‘e’y Aok Q(Elaffcﬂd dooblirecting
each el enent depends on the conposition of_each

coell guplifatation, sifferentialion pagehene foamtians e eatural bone does

gggghb@%r})pﬁgct@%e c@ﬁ@%?@ﬂiﬁ@%@é ?xh ethglﬂém? BoRE, it also provides the

complicated 3D structure as well as a network of combination of biomaterials.
Such a complicated system for directing bone remodelling is not easy to be

reproduced by any synthetic materials.

Example 2

Dissolution of organic bone

An anorganic bone is an ideal biomaterial for in vitro analysis of bone
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

structures from the anorganic porcine bone encountered with or without
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di ssol ution of cal cium phosphate, silicon and

trace/ essential elenents fromthe apatites.
Accordingly, the Ca/P ratios obtained as result of the
di ssol ution/precipitation Exa#ple 2 are therefore
different fromthe Ca/P ratio of 1.64 of the
conposition of the organic bone obtained in Exanple 1.
Mat eri al s and nmet hods Anorgani ¢ porci ne bone The

HEIRRsE BeNS BRd BNemphBBke( dhssud rdnﬂﬂis.eﬁ\iaﬂl@&nésrelated to bone
i npl antabl e biomaterial) was obtained as in Exanple

Thineraksation saderethenephysinlegiedlacomditions. othe oﬁlenes'ts ‘contain

3o i el Meng S B B I RS M. rarq lgsp than 1 in
| 8If addposhisCagTene i diskylutignt i of cedat Lmemmmammds on the

scaffol d, termed BDS (BD Bi osci encez, Bedford
veampegitonof @e@brﬁqrtﬁspocemg |- th JT%P@S@EBW%TOFS%QVG reported

Cﬁl%,?oll?é)ﬁ?lto scge‘?{dugl d?éﬁggtf’[lolﬁll\eé %Eénﬁéf}tttdc\éa{e‘i"%n\emﬁ’%sh along the

'emen
1€81iEaltt ahd lxpmngg: tsrmesm‘l(h@B&)mnﬁﬂﬂlepIrOpdsed mezhanmison nnderlying

and 50 ngy obl astic cells
Bephenanene of Sk lpacivi,PheciasicA A ara asAie Tyolves the
MEAL YNGR BradlE ieh W@h%é‘r@ﬂ‘@on ang t%de/é@érerﬂlﬁl elements from
br car bonate and 4.'5 ['ucose, 10% of FBS and

Uiielaptite@t omyci n and 50 ngnPl penicillin (G bco)
bservations of cell norphol ogy were perfornmed using

an inverted phase contrast |ight mcroscope (Q ynpus,

Cﬂéééfd)ngly, the Ca/P ratios obtained as result of the dissolution/precipitation
Example 2 are therefore different from the Ca/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 Uml™
streptomycin and 50 ugml™ penicillin (Gibco). Myoblastic cells, C2C12, were
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Bi osciences) 5 mmin dianeter was al so used in the
experinment. In order to study the deposition of

m nerals, the scaffolds of APB and BDS were
pre-incubated in culture nedid’for 1 day at 370C. The
pur pose of pre incubation of scaffolds with nedia is
to conpletely hydrate the scaffolds. In vitro

m neralization The 0.5 cnB scaffold was placed in a

Z4niRitbd h Tilbe RS BdddE Evgh’ %nﬁ'é?ﬁur‘f‘\eédrﬁainmngM Qffutamine,

culture nedia were seeded ontfo the scaffol ds and

|h5l@f&tmﬂllann bBizehanate ringhé.5 gheglusase, 18% ehaRgeand 50 Uml™

Rty R Harh S UG R RS pRRhs ot e A GiBhology

abiey pédfoMasd 'lﬁ%ﬁfgléﬁ%\k@iéw?%e%émaéﬁ light Bhigrescope (Olympus,
D| agnostics, Sw tzerl and) n brief, |ate passage

Mn 12-well plates with either no APB or treated
vvlth APB of 1 mm®B for 1-, 2- and 3- days,
individually. At the tine indicated, the cells were
I PRsiilafion 6€Seaffbidsce cold PBS (pH 7. 4)and resuspended
inice cold PBS, then centrifuged at 600 X g for 2

m.n. The pellet was resuspended in 6 m\ of
pE@e am&@aw%cmé hﬂr)e BhwaePrepaiatas @ ma%@g %85 om®. A

SPOAALAIY SRt Py SE7S5 op B o

adlanmimWemmcaUsedam fecexgrimbenti sed sanpl es were
nmeasured at OD450. Al kal i ne phosphase was expressed as
nmol p-nitrophenol phosphate per mg protein/mn.

U} Bldd Bt &UBY 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 108
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 activity 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 mm?®for 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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to get UL/ ng). Total protein was neasured by the
Bi o-Rad protein assay kit Il (BioRad, d attbrugg,

weehiszesd9and) usi ng bovi ne serum al bumi n as a BCamnda00d/000165

Transm ssi on el ectron m croscopy-energy dispersive

X-ray spectroscopy The nedi a was anal ysed on days 7

and 14. M neral analysis was based on transm ssion

el ectron m croscopy-energy di §§ersi ve X-ray

spectroscopy (Jeol 3010; TEM EDX). After 1 week and 2

weeks of seeding, the nedia fromthe culture was

coll ected, respectively. The collected nedi a was

camnd résuspeddad i3 i@ 0oldprBSo therDcemtrifutged an®0@ X bdocIrhin. The

B e BB PRRRCo i B 4)r 91 1ce: Col BB Berilir SEITE (Rrel) was
AR GRS DRSO o35S Bt bR aycine,

named o3.4 %WrﬁoaX—‘ﬂ)O)déﬁ@ely@éN efot- b aphirp.Pae troBRt Q@bhp_'@?ﬁture. The
medi a_.al one or the nedia contai ning osteoblasts with

APBUBHISEHeSTBPESS VYIS MsaspireRerl WRie. dkaisecbhosphase was

b < . _
TEiesie o RV ANEAG DGR LS. QPrdBRymim e poteins
R RS/ TEuAELIR O8 SUg o assey
(@GR atdxGla4bragh Swizogland) usinglbdfinaseiwm alburain as a standard.
diffraction (XRD) was recorded with a Shimdzu
diffractonmeter (|l CuKa, 30 mA, 4CkV) equi pped with a

OT RHYrh RS ShE6 K- MBRREFIIP Bl Rricréy é\fe%epscbﬁﬁ ersive  x-ra
procedure with a 0.02 sanpli ngcg?,t)’tf:h a a 2/ nFn scan y
repectrgaeop¥di a was individually absorbed in the

Zflﬁ’tggﬁ?(ﬁra;\p?é Eﬁaﬁjsés oor]; d%yémﬁg al% 129Wntereaqpaenra?§slf§ (\alvaasngased on
transmission electron microscopy-energy dispersive x-ray spectroscopy (Jeol
3010; TEM-EDX).

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-energy 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).



Resul ts Cul ture Morphol ogy The anorgani ¢ porci ne bone
(APB) of 5 mMmB was seeded with the osteobl asts,
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nor phol ogy was observed under |ight mcroscopy. The
cell's encountered with APB were observed to have a
very el ongated shape with snooth edges (Figure 9B).
The length of APB-directed ce¥ds could be extended to
200 / mas the normal cells had a very irregular shape
with the average size of 30 mvn (Figure 9A). Such

el ongated cells were only observed when the cells were

')@?Hf@ﬁﬁ Mdi APB only without close contact (data
not I'n addition, an increase in the nunber of

|>ﬂ¢aljodtffractlcda@éRBb vl lesordechwitieR Shimagdzat diffragtometer (ACuKa,

eleva els of Ikalne sphat ase activit
of Jte 405" shinGipet Wity BRPIE ReCKIBONQGHbMeto, using the
e {%@6@; e alOeE 2%?53‘%‘?%@%@8@2?@%31@2%* rate. The
crﬁbdsa wheimivitlakiynabsorbetidn the Bpgrge withi thg sizengf 2apr° at room
t hat th APB provjded a suitable environnent for in

gk R rlﬂd B<q'&obl asts in the process of bone
for_matl on. The formation of crystalline structures
during APB incubated with osteoblasts cells During the
i Resblsi on of osteobl asts and APB, sone crystalline
structures were nmineralised and precipitated in the
dish (Fig. 11A-C). The shell-like structures with a
VeuKupé Wpovptslogyder either with pore-like structures
(Fig.11A), straight lines S 11B) or
1Ty aparganic parqine HONFHAES @f%smm |W%S§Q¢Q£W&Fége getgoblasts,

l,o e 0 [
amfﬁ'gﬂ d%‘ﬂ@fﬁéi gé§ qg%ﬂeﬂ&w, thECB2IR MBFIHORgyS W observed
under light microscopy. The cells encountered with APB were observed to
have a very elongated shape with smooth edges (Figure 9B). The length of

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
alkaline phosphatase activity (Figure 10), which is a marker for osteoblasts
differentiation. There was no obvious change of ALP when the media was
collected from the osteoblastic cells alone. Taken together, these findings
indicate that the APB provided a suitable environment for in vitro analyses of

osteoblasts in the process of bone formation.

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

structures with a very organised order either with pore-like structures (Fig.



Anal ysi s of conponents deposited fromthe nedia
containing cells with APB The di ssol ution of anorganic
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structure provide great information for cell
differentiation as well as bone formation. The
experinment of Exanple 1 showed that the dense and
spongy bones generally contai4fed P, O, C, Ca and My by
SEM EDX. Non- honpgenous distribution of P, O C, Ca,
Al, Na, and My in each crystalline was observed wthin
dense and spongy APB. There were different nolar

rffA gsst(gigﬁaﬁﬁ’e@_f(F@%CmBEQj'er&%akFi I YS! bhnthe surface. These
structure depending on the |oci. The 3-di nensi onal )
(Gy$iplliser stoscivees wilctorp follomdag reostraighy reyter fengasmaller size

archgitectﬁre, .but al so the conponent of each
AL LR AR ARPYRE BFE: To exami ne the deposits from

the nmedia containing cells with APB, osteoblastic
cells were plated in a concentrated manner %,%@X 105 ]
cAhalysisrof componeatsadspasitad fremthegnegdia copfainipg gells with
ggé week of incubation, conponent analysis from

gr al distinguished crystalline structures under
STR dissulitidrP e hnoeghsicvesreinex sohaeshd yhd EdEDXioToé crystalline

sanme nedia without APB and ce|ls used. as a

calfatale pradder Rat Haoreatian 196 ool AETCESMIEnEsopell as bone
e]%glplagwst alline structure deposited fromthe

. ]

foned nedia could either be fromthe nedi a
itself or the dissolution of APB or both. The basic

TR ] BBl B CTRRE R0y bores
Cg@ﬁék‘ng%?ﬂ apcent %ﬁﬁ a'ﬁ‘aSMgEfoyt SEMESC Non-homogenous

conpone e 11)". 11 : "El énents in different
sdistritation cfoPuO), @& CanBhi Nangndily imeagh T rysiplligef was pbserved

\é\ew:l:"{;gg]r glg$§c %ﬂtdeggosng?/f Af—‘@.iﬂwgrtra %rgegiiffgrnéritsmaa?trgﬂo@%f TalP 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
crystalline 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, 8§, Ca, C and Mg. Several deposits from the

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



General ly, the deposits fromthe conditioned nedi a had
a very high atomc %of elenment O, which were 42%

wo2665ansh984% and a very low atonmic % of Ca. | RCT/SG2005/000165
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contrast, there was a very |ow atom c percentage of C
in the control, which was 1.5% 1.2 %and 2.6% In
addition to other simlar conponents of each
crystalline structure with théldistingui shed different
nol ar ratios of certain elenents, some extra el enents,
including Cr, Si, and Co could be dissolved fromthe
APB and mineralised wiwth sone of the deposits. Two of

S"rasbI@r Y41 &idmBatssin diffeiens s6ipdy & Relitibhecattamimng NBS and 3T3
,orevent the contam nation of elenent Si from either

orllsgpad sverls endeennierisiqf sofid fies mrattium e lisieglas Agomparison

S‘BE&H"“ ! |U§oliﬂ'2 ARB, Shiles ST T B0 T 55 $6Id §7Y BoRF 8’ T Medium
wi-th | ass-—contact d
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‘.

mi chdscdp pi ¢ N ani|nat iNon . C,onp(S\ﬁ‘ent g of NPhe crvs’f'%\l I ilne Ne

stricturne fri€m suych sKlicgn-friée APB wiKh osteoll astls K

congal ned thg el gmenic)Si ds shgwn ijn Figur € [1Z2. ciThe cl
eofty- ot et g—wth—orpwitHett—thegtasssbased =
coverslilp showed no silicgn in each deposit lexan neg

The Sdepasi t sSfrom t heSsang cel$s wilth & S S

synCaet i|ccalda um|phoskzhat € scafsf ol d (B0O8) were Gaso Ca

exam neq. NogSTticonm or tTjace el emgnts wWere |[detect ed

||nr~|ar flr'a sap—e nditi nnc To ovalilatan + ha

lllll \¥J T U T UTTo, LIA>4 C VU Ul © CTIre

ti me-dependefit mineralisatlion, osteoblasts cgells

encountdred with |[APBMor 2 weeks wdre Méani ned.MThe Mg

corrponert pr OTI | es ’rromthe 2- week CIG}CE]SItq V\BBE
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deposi ted in each solid .exam ned. A variety of trace
el ements were al so found, such as C, M, Fe, and Ni
(Figure 13B). The crystalline structure with trace

eGynendlly, the degositdfrumcting cdeditimiezhmedy hadiaguery Higatomic %
ag]g eﬂan\]/\grktl (_DIorw al(% S\/\(/ee(jlreaneo | e?% gHglt?l;JA{ Z, 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 microscopic
examination. Components of the 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



had a sinple Si-containing carbonate (Figures 13C and
D) or a d Sicontaining carbonate (Figures 13E and F),
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The deposition/mneralisation of trace elenents and Si

have rai sed the question whether specific cells

regul ated the process. To answer the question, two

cul ture conditions were prep#dZed. One was the APB

i ncubated in the normal culture conditions with no

cells added. The other was the APB incubated wth

non- ost eobl asts, such as nyoblast cells, C2Cl2. The

oyl ﬂ)hé‘ébhﬁté UORP (@DS?'W@@ SisenestdineddiNg silicon or trace
contai ning APB for 2 weeks were analysed. The results
shementst wete d@@@@cbu@dmthg same oRditigns.t he el ement Si,

were deposited with crystalline structures (Figures

14A, B, C. The conponents fromone crystalline

Std BEAIUAR fhe Ghblesiidehp fiinsdativatbrdidstesidasts edetismmcountered

distribution. The edge of th tall t
cuith ARRdO? weoks wate eaminedar %Aq?othéfarﬁteém%ﬁa@ e the 2-

S bl SR i SRt L e o

dieporisrtp aneret S, Suahd . H’he@ﬂem@nt S*Favwdeﬁosm & each solid
also detected in the center.

o@f@cﬁ@mefioﬁ/ Yarigly afi t%ei %lﬁn”ferné%wlﬁﬁe al$Q faund, sughyas Cr. Mn, Fe,
gﬁﬂdne ﬁ@&lrg 1§%)f irnlését cj!tbl%e%tw' trdtd éﬁéiﬁents showed a

: |cate t hat ost eobl asts have
n@rudbhgukefmbfmml%gy] (ﬂger@nﬁé\&,sand Nowedsirgabisadt nesdle structure
i nst ead  of ost.eobl ast s, re i ncubat ed h t he

shada Siaple Riantainng: gar 06\@‘[%45&9&1 B i Dhe &°Cl. Si-
c [ e structures
fééﬂééwﬂ#qie%%%“% ﬁﬁbﬁ%ﬁtﬁ%ﬁn?ﬁ%%?éﬁss‘{té'znd APB
(Figures 15A, B). The results further confirnmed that

t he process of dS|t|on nerali
:-~ '“9.‘.!;...4”%-- ion ' & sation was

The deposition/mineralisation of trace elements and Si 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.

The crystalline structures obtained from the media containing APB for 2
weeks were analysed. The results showed that trace 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
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



Di scussion In this experinment, cellular m neral
deposition was determ ned in natural anorganic bone
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depositions were detected in classical culture nedia
wi t hout suppl enment. The osteoblastic cell culture
systemis considered as a val uable tool for

i nvestigation of the in vitro4drineralisation process
as well as for evaluation of osteogenic cellular
response to inplant material. To provide useful
information regarding the in vitro process of

MBHIE @ bRk RrysSthifinSs SAN §abd efdthatte s Bi,ashich indicated that
b- gl ycerol phosphate in bone culture systens was

reafedhlasty havenq disaeigifanhoniheprogesspent Res. 1981;
60: ;586- 1589; Tenenbai,. H C, Heersche, J.N.,
Calcif. Tissue Int. 1982; 34: 76-79; Ecarot-Charrier,

glg@s#@iblastbell\%gist%cf)bf Péwla%:wé@kﬁwba’cd@my,the APB to
.G, Ternmine, J. Ti _ . :
a0y 8t Sepeitil ordergdt danositag 6 Wi e .S}%gglsi, &166 be detected in

. _ . Th lel . i .

37838, SIRRIEE SPECGHEE L) I BTl EpheRing biast an

?,EPBpU%iga&g t6A; @)lea'ﬁleefreseltsk rforthaniconfitrag Haet the process of
ortuna, R, et al., Cale¢if. Tissue Int., K 1980;

m%%wwnerﬁhﬁﬁt'%}\ﬂ%@&i%%ﬁ' PandsBt-enti al for

pronoting mneralisation. However, the natural

deposition/ m neralisation is considered to be a very

cDisdussddred system as natural bones have varying

degr e f d dat ] i t he. . .
ST et i B SRR R Pl , e
2??66 %W%Wn%e‘?i #dsebwohanionsd §idianeous mineral

ors. The gradual dissolution of HA from natural
bdepssitienswees detaaied imnlaspisekpuititre media withgut supplement. The

 HLBRSFR . bRE SO, Bl BleA oL iR ool o

t iV eRBGSRIHPHPHE inoftra HHineealbiation tppodsstyad metiues for evaluation of

(Daculsi, G, et al., Calcif. Tissue. Int. 1990; 4?; .
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.,
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 clearly indicated that organic phosphate was hydrolysed by
alkaline phosphatase to release free inorganic phosphate (Fortuna, R., et al.,
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 bones have varying
degrees of degradation owing to the process of osteoclasts; highly organised
3 dimensional structure; non-homogeneous component distribution and other

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



20- 27, Baganbisa, F.B., et al., J. Bionmed. Mater. Res.
1993; 27: 1047-1055). The dissolution characteristics
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phosphate to enhance cell mneralisation. In this
experinment, the dynam c anorgani c bone provi des not
only basic constituents but al so other trace/essenti al
el enents for the bone formatiéh. The conposition and
crystal norphol ogy of nore than 40 deposits were
determ ned by scanning el ectron m croscopy (SEM and
energy dispersive Xray analysis (EDX). The anal ysis

r &Y phesphdiations thatHesénaal 8¢ sleRegidedl papuldttorf Bndtieads to a
week cont ai ned sodi um potassium phosphate, sul phur, "
aleprecipisation of oaldion pbesphatesnthiis enbaneing Heenkgpne apposition

PR, B od BB o g, B By vishPy Ty 1900: 4e:
S20-27t BaganiBiss UF.Bd dtadl., . IBiemdd! Rrger. ResCAOB3raran 047-1055).
ratio (between 0.5 tao 2.7). The Ca/ P neasured fromthe

0 h
cbhe rdissolution chesartgristicrémpli ihal A alsonsered gs7acgpurce of
0] ' . B th di f
ChBasit BobPRa 8RR LER K BE mbEisaio, | he TR0 2 ©
constituents di m ni shed as new conpositions of

deposits were found. The pmj or const.ituent vvas ei ther .
elre Mt ©XPIIMent,i the YRl 28PrgaNIG HoNg PreYides i only basic
CL GBI SntLes élgH%PeF Race eﬁﬁﬁ”&gﬁﬁﬂ?ﬁs ¥8s tH HBhee@rmation.

fromthe analysis of the nedia of APB al one or

n®he ostrapbsitien sand tdrysteB mdiphogynithanoren than ) depedits were

S les b of SEM EDX.. I . .
SRR o RS oR PO OB SR I B sengsive X
t R SRAGSLIEENNS TAE drizfyisrériale®th#lemoaavéstigatée deposits in the
norphol ogy of crystalline structures showed a

bfitstoveak kentaingsesodismupiotassiumt hBesritripesUPHER aRd galcium as

gfr}%{i(lgf Lﬁ%@%ﬁﬁ*@ﬁ%,a\/vimih ethaeopr%gfo?n88nstméﬁ@, aéc?méy%%les were
composted of other elements such as C, Cr, Si, and Mg. Most crystalline
structures measured had a broad range of Ca/P molar ratio (between 0.5 to
2.7). The Ca/P measured from the control media showed a much-fixed ratio
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
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
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.



10

15

20

25

30

silicate. There are certain profiles shown in the
deposition. Magnesium (M) - contai ning deposits

woceoeEsiisnal |y were observed in the early stagePCT/SG2005/000165

conpletely absent in the |ater stage. The phosphate

was deposited in the early phase and was hardly

observed in the later stage. The carbonate deposit had

a different profile conpared 4% the phosphate-, M-

cont ai ni ng deposits. The carbonate deposit was

observed in the earlier stage and continued to

precipitate with other constituents in the |ater

PiiRes - aﬁ]ecédélhcﬁ%ﬂéé‘t ghéWwndindapesidepobitionl Paghesium (Mg)-
the early stage and persistently occurred in the |ater
oatgning @eposuemmasmnamﬂwwa olbsemeldemfth@rﬁarly stage, completely

%iblélﬁ'gﬁﬂ Efg %ﬁn%g%eglg gsgﬁét%hﬁg té;bﬁ?otsn@ n the early phase

eérfefTWé*sSthl memw Qhé Qated . st éaﬂ'ﬂercarbonatteydelbosﬁ had a
trace el errents were observed in the |ater stage.

tcymrem npeflei gemaaeed tethe mhosebate-oMarseBinNiag §E\m0§ﬁs The

qﬁt geﬁeé‘?g(/a%aoéﬁ%?/gde 'Tﬁ%t ?aﬁ\fehgs\,:t%b?ﬁ%lgd continued  to
%;ﬁrécmﬁate‘rlmthsbth%rclfortslﬁt@nm aithé tlatiee prasat ded siﬁcom contalnlng
he reason why sone el enents were found i

pﬁmﬂarme@@ﬁgte& B {heypady stagenprd | leﬁ@nqé{toé}cuffﬁés% the later

' ‘&qég%%? a'ilodé b%?llcﬂtf gﬂﬁﬁéJ ORI SRichA- ctoh?alﬁr'f\bl deposits matched

["ut’ on ort eposition to fo

pthectrade éte@neNWcﬂﬁaM@g napmslw Iy tbemmhytsiagby, elements Cr, and
preci pitate observed nd tr

eberveresiordt a Ry \fﬁﬂ%)é OFEracpteq% W@&%] a%gggv(ff fo_the later
25068V 'ORE) Bbicl Bociphal®! f @ﬂ'tﬁb'rﬁeéﬁr@pbﬁbbataswmh APB had a

ace e nts during the process of bone
fmrrmylo:fntram:taiemdntsAMtbrmmer comma‘te“@ﬂ(@or@ whle aed K, Al, Si),

i B EAg AL SR G £ om. o

d%%%e\gﬂ/%tmé rleﬁements were found in the early phase and completely
undetectable in the later phase was due to the absolute occurrence in the
early dissolution and/or the déposition 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), B-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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bi ol ogi cal apatite could formfrom several possible
precursors such as anorphous cal ci um phosphate (ACP),

wonrushiis49¢ DCPD), b-tri cal ci um phosphat e (b- TCPPCDISG2005/000165

oct acal ci um phosphate (OCP). (Brown, WE., Chow, L.C.,

Ann. Res. Mater. Sci. 1976; 6: 213-226; Francis, MD.

and Webb, N.C., Calcify. Tissue Res. 1971 ; 6:

335-342). The XRD pattern anaf‘?/si s of several

condi tioned nedia from APB al one, APB with

ost eobl asts, and a syntheticcal ci um phosphate (BDS)

W th osteoblasts had a typical peak at 2Q of 3 1.4 and

4cal¢iEg phdsphatdg BDE) ﬁ/itgscbsﬁéotglasﬁﬁ haxg a”rQ(l;(bii(aaICpﬁal@iah'QBmf 31.4

osteghl asts, with APB had the highest peaks, those )

p%'yfégf (Fasin 1 AR 7%, crYSa) Howy thar Madia GARTAINIBACRStReblpgts with

h ej t [ I :

A Bonah e AEnSSE e, 6% RS Bonf e gl REBK or other

peatiditicrnsde swdia fngde eltbéu thep lsesgid thigndst Asgak Bﬁ.allﬁased\o peak.

op. t he hei ght of the ak at 32 fromth B wt .

Al fhese @re, ehareCleristigrpsalicifoh lofthg aberlFepresenting
; j : [ ' t j

RAGRTEb RospeRg of 283532, Faad] o BefIERLGH il rRel %2 fom the

PABBI With atséeolthsts p tharbeis s ihighc Bkalthosdcdf ealsitat fpblodphate being

The component anal ysis of BDS by SEM EDX showed

dférets C, O Si, P, and Ca, which the Ca/P is 1.36

(Fig. 18 Al B). Although BDS contains elenment Si, no

deposit with Si during the dissolution of BDS in the

pBBSeisca coimmnoerdial $yddhetimapatieowinhas daed bsed asnal control while

IR bRt el BB e ShrTadRooE Su & tta e Haomponent
NEhAly$i8 ' BIES sy leEI\HJEJ)@\%ﬁoWe% aerr_@nlt&q,@; sang, Q/Hﬁd dd\g’, which

obvious Si as viell as trace/essential elenent's cou
bisedea/Ecis ld3 @ fidigr 18EAM BDAIththgh BR3G Icontains etareant Biano deposit

E\&ﬁtb ?ﬂ QIHP' pé t@[?% E@Ssioﬁﬁﬁﬁlgofﬁ%gﬁggfiéé fpiré:s.uelntcetoqf c%'llg 5(8 Ia‘c\éleno’t shown)
could be found regardless of the high atomic percentage of Si (2.87%) in the
APB. In Example 1, it has been shown that the main components of the APB
are P, O, C, Ca, 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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Al t hough the dissolution properties of the synthetic
apatite is of interest in relation to the coupl ed

wdenisnesal i sati on and rem neral i sation processesT/SG2005/000165

associated with dental caries (LeGeros, R Z., Prog.
Crystal G owh Charact. 1981 ; 4: 1-45; LeCeros, RZ
Suga, S., Calcif. Tissue Int. 1980; 32: 169-174;
LeGeros, RZ., et al., Calc. Tks. Res. 1978; 26:1 11-1
16; Boskey, A., Posner, A S., J. Phys. Chem 1976; 80:
40-45), it wll be a great challenge to study the
reactions of cal ci um conpounds to form cal ci um
defl ci ent apatltes (Zhuoer, H., J. analy. Atom c

ectra. 1994; 9: 11-1 5; Mrtchi, A A
Bl lgrestidly qbdo; viye: diggolytionidepestiion K3 zcrl’ﬂcek ta| undgrstand the

Sk 590 992 0 Mhedti, TibenchifPls g Sngroen gatis

Nb tl'mJU(‘ssplLHyonanf |c|ai11mxmarp1hosphate| rsilidom, and _other trace/essential

eTER Il ad iAo selpit A e bisideirel Smiroment. Our
rﬁﬁﬁ%éi §ﬁ’eﬁg thRPBE the 'ﬂ?éiﬁ#/ lth&%the thesdliRaTbratiditativh processes in
o) a

norgani ¢ apatites in the dissolution of
ctablngmal phsiepisatappesir| faobe deperdentr onr dber ese@pEp@pn and

t i de t.h l,...s0l upj.l it :
croregr e It pRuinDalR! BhfipRe Rlyoddh kit Prtspatpstipgets can
tH@ﬁryydl%ﬁgntitalt@trﬁbagwlth& Ir@%ﬁf@ﬁ 'olP 'AW ithe diffsrentised dalls have

i cal syst ens appear to endent on their

cmmn arasnoaniiienprocess rqfcdlawutmn/gﬁp@slao@gW‘mceramlcs studies

PRt e e bR 1% sRB0Ru AR, o ffsioffulede! Welson,

decéer@tnbl atedigabirgcth®Riss. npod3f 8490t DacukE Gr,0eess, Calcif.
of dissol ution/ deposition. HA ceranics studjes

i Rigsbatlat.t h389:t Ae: GOk \ﬁllt%Pnr%JQﬁt'&téﬂyHAeP@FQEﬁrf‘@S have an

t t

B LS| naRelo 1 ke Hose (e, A o
Cal. cBiomakes ROD3I; 24 4608946203 TS SLOR)g- or Si-substitutes HA have a
Silicon-substituted HA bi oceram E’% have a creas

r goed sfocgnapainiily ghdcsmsansidered &tebumélapihbnag%tenals (Carlisle,
(Bt Yeiehtd1976167:279).




al ., Biomater. 2003; 24: 4609-4620). The Si-, M- or

Si -substitutes HA have a good bi oconpatibility and are
woansiideed better inplant biomaterials (Carli 8BC®S8G2005/000165

E.M, Science 1970; 167:279).Cains 1. A nmethod for

the preparation of an inplantable bionmaterial

conprising the steps of: a) obtaining bone tissue; b)

boiling the bone tissue; c) #Beating the bone tissue

to renove the collagen. 2. The nethod of claim1,

wherein after the treatnment of step (c) no collagen is

detectable by SEMEDX. 3. The nethod of clains 1-2,

ﬁg*:n%i‘n the boiling step is carried out in water. 4.

thod of clains 1-3, wherein the boiling step is
carried out in distilled water. 5. The nethod, of .
dl aA msethod for theppreriangtion ehan igplansabisiomadarial a9gRyising the
boiling..G. The method of claimb5, wherein the bone
ti s¥6BSPE cl eaned nmechanically, by air or by means of
aliquid. 7. The nmethod of clainms 5-6, wherein the

bong) bbsfHRg Sorfd B8Ry with water. 8. The nethod of
claims 1-7, wherein the step c) conprises treating the
bone tissue at a tenperature of 200-250 OC to nelt and
denk) todinghBednefigsve and further treating with a
sol vent to dissolve the collagen. 9. The nethod of

cl a{%igér%&tiwg%siﬂb SUBTBPEROVEGhE BoRadéh.0C. 10. The

met l'arms 8-9, wherein the solvent to dissolve
the collagen is
2 The method of claim 1, wherein after the treatment of step (c) no collagen

is detectable by SEM-EDX.

3. The method of claims 1-2, wherein the boiling step is carried out in water.

4. The method of claims 1-3, wherein the boiling step is carried out in distilled

water.

5. The method of claims 1-4, comprising cleaning the bone tissue before

boiling.

6. The method of claim 5, wherein the bone tissue is cleaned mechanically,

by air or by means of a liquid.
7. The method of claims 5-6, wherein the bone tissue is cleaned with water.

8. Thé method of claims 1-7, wherein the step ¢) comprises treating the bone
tissue at a temperature of 200-250 C to melt and denature the collagen,

and further treating with a solvent to dissolve the collagen.
9. The method of claim 8, wherein the temperature is 210 °C.

10.The method of claims 8-9, wherein the solvent to dissolve the collagen is

ethanol, hydrazine, methanol, and/or guanidine hydrochloride.



et hanol , hydrazi ne, nethanol, and/or guanidi ne
hydr ochl ori de. 11. The nethod of clains 1-10, further

woanpriisiong treating the bone tissue with ultrasosod®s/000165
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12. The nmethod of clains 1-1 1, further conprising a

step d) of cutting the bone tissue into a

predet erm ned shape. 13. The nethod of claim 12,

wherein the bone tissue is c4® up by neans of a high
pressure water jet. 14. The method of clains 12-13,

further conprising a step e) of sterilising the cut

bone before inplant. 15. The nethod of clains 1-14,

f g t hepeadirzihg breating!thetiadries tissue
bﬁoniﬁpfégﬁ@dfg d@rr@ ﬁeﬁo@ﬁof cl ggjrrs 1g 15, %er ein

t hewithuliiasetndapl ant abl e bi omaterial has a Ca/P ratio

of 1. 64 17. The method of claim 1, conprising the
PSEie Rigtoro RRERIS L SPPfnbt BtPrising™3 SRE) SFot ARGRR bone
- Cfigad iRfb étpﬁeeg)@tekmmddogl@pte ssue; - dry| ng the bone

tissue; - treating the bone tissue at a high
erature such to and enature colla o
St ToeiRg WS 135 wbeRmnHG OB BRLeaR G P By means of a

treawhﬁg,ep%ﬁgé \H% _ ounds to dissolve the collagen; -

al | e SO to evaporate fromthe bone
ti ssue. 18. The method of clains 1-17, wherein
col.| Bgemdtisodief elairabl12-bY, fsahgoxompnsmg a step e) of sterilising the

cut bone before implant.

15. The method of claims 1-14, further comprising a step of packaging the

implantable biomaterial.

16. The method of claims 1-15, wherein the obtained implantable biomaterial

has a Ca/P ratio of 1.64.
17. The method of claim 1, comprising the steps of.
- obtaining bone tissue;
- cleaning the bone tissue with water;
- boiling the bone tissue in water;
- cleaning the boiled bone tissue;
- drying the bone tissue;

- treating the bone tissue at a high temperature such to melt and denature

collagen;

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

dissolve the collagen;
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in the inplantable biomaterial. 19. The nethod of
clains 1-18, wherein the obtained inplantable nateri al

wO0@/1amo1 gani ¢ bone. 20. The net hod of cl ai msP@T/862005/000165

wherein the obtained inplantable material is free from
organic matrix. 2 1. The nethod of clains 1-20,
wherein the nethod does not conprise a step of
treating the bone tissue wit®%a fluid in supercritical
state. 22. The nethod of clains 1-21 , further
conprising a step of cultivating in vitro the

i npl antabl e biomaterial prior to inplantation. 23. The

”Ethélﬁ)vﬂﬁ%%@bmeﬂ\t evdporatesiromahpbosiertipsaest ep of
seeding the inplantable biomaterial with a patient's

own isolated cells prior to inplantation. .24. T

8t Hloel T’Gﬁh@lda@frrﬁlaInQél,'%)?uw?'ﬁé?qﬁc'lﬁrﬁph%g% 1§ Iﬁigt%(fqglﬁleow SEM-
i mp | t: ' te k| iJn a vertebrate. 25. The
mst%@g'bggglngﬁf{m%ﬁ&r%{ﬁre{](le'r conprising the cosnetic
step of inplanting the biomaterial in a vertebrate. Lo
26. The methbdrdfaidimsb -dBavberain the optained doplandablg npaterial is a
the nethod of clainms 1- 25. 27. An inplantable

bi oRBPEANE DOVBrer ei n the i npl antabl e biomaterial is

made from bone tissue and wherein no collagen is

%.eﬁﬁ@%&r@dz ﬁ%ﬁﬁiﬁ‘@%g’ Wheréirthanststained implantable material is

biomateria ~The inplantable biomaterial of claim
27, frekifedm icsgamic analrigani ¢ bone free from organic
matrix. 29. The inplantable biomaterial of clains

2271'.2ﬁ'ie \r/}\he%ﬁoecii i Eﬁﬁnls %&%ﬁ]@rjeﬁ] the method does not comprise a step

of treating the bone tissue with a fluid in supercritical state.

29 The method of claims 1-21, further comprising a step of cultivating in vitro

the implantable biomaterial 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 implanting the

biomaterial in a vertebrate.

25 The method of claims 1-23, further comprising the cosmetic step of

implanting the biomaterial in a vertebrate.

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

25.

27. An implahtable biomaterial, wherein the implantable biomaterial is made
from bone tissue and wherein no collagen is detectable by SEM-EDX in

the implantable biomaterial.
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bi omaterial has a Ca/P ratio of 1.64. 30. The
i npl ant abl e biomaterial of clains 27-29, wherein the

wonpisanssaabl e bi omaterial is cultivated in vitr8CpSGRN05/000165

to inplantation. 3 1.The inplantable biomaterial of
clainms 27-30, wherein the inplantable biomaterial is
seeded with the patient's own isolated cells prior to
i npl antation. 32. A package of51ki t conprising the

i npl ant abl e bi omaterial of clains 26-31 . 33. The
package or kit of claim32, wherein the inplantable
bi omaterial is sterilised. 34. Use of bone tissue for

e 1HELriIghiaple BloragtekiBPbRARARI2T, RitieRiahanadrganic bone free
implantation 1n a vertebrate, wherein no collagen is

det fromadrigantsym8EVEDX i n t he i npl antabl e bi omateri al .
35. The use of claim 34, wherein the inplantable

AR rThE il Bofl RTERRE GG 27370! LABRERZR Slantabo
i NpbhRMiaBHS Has arGaP rags ot 1@Y.P ratio of 1.64.

30.The implantable biomaterial of claims 27-29, wherein the implantable

biomaterial is cultivated in vitro prior to implantation.

31.The implantable biomaterial of claims 27-30, wherein the implantable
biomaterial is seeded with the patients own isolated cells prior to

implantation.
32.A package of kit comprising the implantable biomaterial of claims 26-31.

33.The package or kit of claim 32, wherein the implantable biomaterial is

sterilised.

34.Use of bone tissue for the preparation of an implantable biomaterial for
implantation in a vertebrate, wherein no collagen is detectable by SEM-

EDX in the implantable biomaterial.

35.The use of claim 34, wherein the implantable biomaterial is an anorganic

basic free from organic matrix.

36.The use of claims 34-35, wherein the implantable material has a Cal/P ratio
of 1.64.



