"BONE | MPLANT MATRI X AND METHOD OF PREPARI NG THE SAME" Technical field of
the i nvention The present invention relates to inplant natrixes to be
used generally in the bone reconstructive surgery field, in orthopaedics
and in particular in oral surgery, in dental and mexill o-faci al

i npl antol ogy. State of the art The weakness of bone structure is a
wel | -known condition to all surgeons in the orthopaedic field, in
particular in the nmaxillo-facial, oral and dental field. The causes are of
several Kkinds, but quite well-known and understood. As regards neans

avai |l abl e to i vpeog¥errpdanei M{THE ANDeMBORES , OF t PREFRHINGS traleed, that a wi de
vari ety of solutions have been proposed. indeed, a nunber of techniques are
currently available in the state ofgidperart, which m ght be briefly

di stinguished in the followi ng types: a) injections into target bone or

cements or other m XtUg€spnPlat i1 C8MRRL Yhidneddd ficial supports to be
added asi de bone, being said supports netallic or polynmeric o ceramc; c¢)

use of autel ogousy(apl oLl ANSRl AY: AUIRA0ELT YEdn Pl A1OLAYAUSRY hummn or

ani mal corpse, o ovine, subject to demneralising treatnents (al so
call ed Dem neralized Bone Matr.ixes M., . or _subject to_acellularization
treatnents ( 3’0‘3 e P BT ' &art? tz?s%a S ST ’Jes(%trhlSts?é"%r gaﬁced by
Geistlich SA, Sw tzerland and, RTIBi ol ogi cs,. USA, etc.); d) tissue

engi neeri ng,9%&d JﬁﬁigacﬁnmﬁﬁFBPﬂa@?%ﬁﬁ§”5féjh§§ﬁﬁﬁﬁgﬁa§ré%nﬁag of

ost eoconducti ve and ostecinductive materials, such as e.%. sone bi ogl asses;
f) regener atiW@eF¥di énneeniberanhmasildrarasrateR ARG Fal natri xes are
used in order to host and deliver living cells to target area and thus
enhance the formitRbn of Wesy 3Esi stant bone.

The weakness of bone structure is a well-known
condition to all surgeons in the orthopaedic field,
in particular in the maxillo-facial, oral and dental
field. The causes are of several kinds, but quite
well-known and understood. As regards means available
to improve and reinforce the bones, it can be stated,
that a wide variety of solutions have been proposed.
Indeed, a number of techniques are currently avail-
able in the state of the art, which might be briefly
distinguished in the following types: a) injections
into target bone or cements or other mixtures; b) re-
inforcement with artificial supports to be added
aside bone, being said supports metallic or polymeric
o ceramic; c) use of autologous (autotransplant) hu-
man-derived, eterologous by human or animal corpse,
often bovine, subject to demineralising treatments

(also called Demineralized Bone Matrixes, DBM), or
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The introduction of new inplant materials has allowed a renarkabl e

devel opnent in bone reparative and reconstructive surgery in the | ast
decades. Choosing an inplant naterial is based on the osteogenesis,
ost eoi nducti on and osteoconduction properties of the material thereof.

The nost efficient soluti..n anong those currently available is to use an
aut ol ogous bone as inplant material, which inplies, however, sone

di sadvant ages and ri sks. The quantity of material available to
prepare the inplant is limted and noreover the patient nust undergo a dual
i ntervention,uptBetf ivst a&6r1 EEMVEaNg caut ot aegoeusithoneabisl thelsecond for the
subsequent i nplant. According to the currently avail abl e techni ques,

an al ternat iggg Way,d 5, e es8nt @kaRy1Eha Hésag ﬁdd&@'&EOG§iELSSUG, t hat
is the usage of dem neralised bone nmatrix (DB%. The DEN i s

obt ai nabl e b&iigg' %ﬂgﬁmﬂ 2, 4ONRETEOE PSS, afs@ni gek.) Fhe human

cortical deriv owever, has the sane drawback of the autol ogous

bone, i.e.s%get vantity of g%ﬁﬁéfﬂgélﬁgﬁfagéﬂ ARREARS 41-9¢PE Leduced.

Further ri exi st “connect e pos e Infections, “in particular viral

and to potential conpatibility prob]ens i nce t terl _be inpl anted
is of a het &0 §ﬁ§ ﬁé?u?gqeNB$e83%??C??é?%££%?ho%gggggfoggsggt for the
reci pi ent, above all mh&n t he gaterial is _corpse-derived, {e resents an
unnegl i gi bl &8I (1PE&F L8 &meRtch as ©-gs PPMFsPRRABAASTH t hb s?%te of the
art, as an alternative the DBM may be of animal aqrigin, in particular

bovi ne. |n tIe8eratisge cASEIChBReverPerg nitrldddspid e%&ﬁinﬁEWbﬁ can show

t hat the bovi ne DBM gorosity is higher than the cortical -derived human DEN,

with a resulattidimindr mebrp®Rs TG t4Fehd ta EGtcéd PPERI 8p8sfETon to the

cell rooting and the growmh of new integrated functional tissue.
liver living cells to target area and thus enhance

the formation of new resistant bone.

The introduction of new implant materials has al-
lowed a remarkable development in bone reparative and
reconstructive surgery in the last decades.

Choosing an implant material is based on the os-
teogenesis, osteoinduction and osteoconduction prop-
erties of.the material thereof.

The most efficient solution among those cur-
rently available is to use an autologous bone as im-
plant material, which implies, however, some disad-
vantages and risks.

The quantity of material available to prepare
the implant is limited and moreover the patient must
undergo a dual intervention, the first for removing
autologous bone and the second for the subsequent im-

plant.



The Applicant has observed that the higher porosity and the chem cal
structure of the bovine DEN result into a | ower nechanical resistance,

wi th a consequent higher weakness thereof. Such a weakness is particularly
di sadvant ageous both in the pre inplant step, since shaping the matri X,
according to the shape of the bone cavity which will host the matrix
itself, with the desired accuracy is not easy, and in the inplant in situ
positioning step, because of the poor toughness of the matrix itself, which
is often subject to a fragile fracture during the clanping steps.

Moreover, just baeadsgiRf thernat enradntwakiessiadike fesintiigasspg and
insertion of clanping elenents (for exanple screws) in such a matrix, is

difficult ang %ktte%ﬂgegbﬁ/baﬁsyr%er%%sé}&eﬁ dyedrkeiange b abten causes

the matrix brea reover, during the shaping step of the matrix

currently avai,l i st.at f t a u f | e,
y lgg‘%hg 9 Lhe ?LsaC{e’lF? ng_??é SR afmifi@ra8%a8m

dem neralise e matrixes ( sed (bone grafts), bioglasses,
bio-ceranicij etc. ggs?ﬁg nt ageously, undesirabl e powders are formed , For
exanpl e, in &% F§EFY* {Re shaping step takes place just before the

inplantation and_the resultin 0 rs creep.up.also,on the matrix to be
i npl anted, Anot ﬁb? pPngdpds%d°§5$Jcﬁm$Do £ iRY a8conpadi% edooqsqtréo?bnsi :

descri bed in 032008/ 0063684. Such ost eoi npl ant incl ydes a gglyner and
bone- der i ved PRt COFBES The2BoAPLETte 1RE Pt ConSEFUEE8d to be

formabl e during or innediatelg prior to inplantation and to be set after
final surgi cp@M,th@gﬁ@m_has he same drawback of the autologous

bone, i.e. the quantity of available material appears
to be reduced. Further risks exist connected to pos-
sible infections, in particular wviral and to poten-
tial compatibility problems, since the material to be
implanted is of a heterologous nature. Moreover, the
psychological aspect for the recipient, above all
when the material 1is corpse-derived, represents an
unnegligible critical element.

As it is known in the state of the art, as an
alternative the DBM may be of animal origin, in par-
ticular bovine. In the latter case, however, a micro-
scopic examination can show that the bovine DBM po-
rosity is higher than the cortical-derived human DBM,
with a resulting minor compatibility and a reduced
predisposition to the cell rooting and the growth of
new integrated functional tissue.

The Applicant has observed that the higher po-

rosity and the chemical structure of the bovine DBM
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US 7.270_813 describes a nethod for preparing bone-derived conposites,
wherein the mneral portion of the bone is treated with a coupling agent
before being incorporated into a bioconpatible polyneric trix. The
resulting conposite nay be used as such that or be further processed to

form an ost eoi npl ant. Therefore, there is the need in the field of
regenerative bone surgery to find new bone inplant na- xes, which have
satisfactory characteristics of nechanical resistance and ductility to
tridi mensional processing. Sunmary of the invention oj eet of the

present invenih,oR isntd Mt ridwdOr mbeneni 8Pl attesicoapEesi NEith base matri X
either treated or to he treated with a m xture containing at |east a

polymer.  onsBHEERET @ g@abod|dmies sOf tHdiR Jronesidl antyellheky are defined
inclaims from2'to 16.

is particularly disadvantageous both in the pre-

implant step, since shaping the matrix, according to

the shape of the bone cavity which will host the ma-

trix itself, with the desired accuracy is not easy,

and in the implant in situ positioning step, because

of the poor toughness of the matrix itself, which is

often subject to a fragilé fracture during the clamp-

ing steps.

Moreover, just because of the material weakness,
the positioning and insertion of clamping elements
(for example screws) in such a matrix, is difficult
and not enough accurate and, as stated before, it of-
ten causes the matrix break.

Moreover, during the shaping step of the matrix
currently available in the state of the art, such as,
for example, demineralised bone matrixes (DBM), acel-
lularised (bdne grafts), bloglasses, bio-ceramics,
etc., disadvantageously, undesirable powders are
formed. For example, in dentistry, the shaping step
takes place just before the implantation and the re-

sulting powders creep up also on the matrix to be im-

planted.



The bone inplant matrix object of the present invention is suitable to be
used in the bone reconstructive surgery field in general, in orthopaedics
and in particular in the oral surgery, in the maxillo-facial and dental

i mpl ant ol ogy. It is a further object of the present invention the use
of the bone inplant matrix according to claim 17 and particul ar enbodi nents
t hereof according to claim18-23. It is a further object of the
present invention a nethod for preparing a bone inplant matrix according to
claim?24 and its preferred enbodi nents according to clainms 25 and 26. List

of figures AnBaRt i Ct o bedileabs 0 & heonipbesnid eatabemdesc. i bed in
detail herein below, as a way of exanple and not |imted to, with reference

to the attached i &esperhesei P5206s g3 6k4.S QrPPhhCalstBbEMOSCOPY | Mage
of the cortical layer of human bone, Figure 2 is an optical m croscope

mage of a houihe-denied RUMIIGLD0NE b iels At caRtbeal .

m croscope i'nmage o . ed bone reinforced according to a
preferred eqyggkﬂEQ%sggetq% 5%%%@%Bognd constructed to be form-

able during or immediately prior to implantation and
to be set after final surgical placement.

US 7.270.813 describes a method for preparing
bone-derived composites, wherein the mineral portion
of the bone is treated with a coupling agent before
being incorporated into a biocompatible polymeric ma-
trix. The resulting composite may be used as such
that or be further processed to form an osteoimplant.

Therefore, there is the need in the field of re-
generative bone surgery to find new bone implant ma-
trixes, which have satisfactory characteristics of
mechanical resistance and ductility to tri-
dimensional processing.

Summary of the invention

Object of the present invention is a matrix for
bone implant, comprising a base matrix either treated
or to be treated with a mixture containing at least a
polymer.

Preferred embodiments of the bone implant matrix

are defined in claims from 2 to 16.



- Figure 4 is a scanning electronic mcroscope (SEM inage of a section of
a bone inplant matrix nade according to a preferred enbodi nent of the

i nventi on which subsequently underwent a. cell seeding, with
chondrocyte-type cells, though the m cro-seeding techni que- The i nage was
obtained on the third day after the seeding; - Figure 5 shows graphs
of the nonoaxi-al nechani cal crushing strength of a bovine-derived
acellula-- ised matrix (untreated) and an anal ogous matri x, treated
according to an exanple of the invention. Detailed description of the

i nvention PrdOfishd NRIARLtMREEEXx S8F¥did the areeahediment of the
i nvention, conprises; a) a base matrix treated or to be treated with

b) a rei nf ORz%hBQoH‘ )S.tsur&lf%l@ nthgpat |Lastiad ROlYMBEne reconBYy the
expression "base matri x" a substantially solid tri-dinmensional body is

meant, int e@%gc LYP! cBLLY DOy Al Chefeld£31 TR cHiBBGELPEY herein

beIomL to be ante ne caviti es:

and in particular in the oral surgery, in the max-
illo-facial and dental implantology.

It is a further object of the present invention
the use of the bone implant matrix according to claim
17 and particular embodiments thereof according to
claim 18-23.

It is a further object of the present invention a
method for preparing a bone implant matrix according
to claim 24 and its preferred embodiments according
to claims 25 and 26.

List of fiqures

Particular embodiments of the invention are de-
scribed in detail herein below, as a way of example
and not limited to, with reference to the attached
figures, wherein:

- Figure 1 is an optical microscopy image of the
cortical layer of human bone,

- Figure 2 is an optical microscope image of a
bovine-derived purified bone,

- Figure 3 is an optical microscope image of a
bovine-derived bone reinforced according to a pre-

ferred embodiment of the invention,
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The base matrix may be synthetic or natural. The synthetic base matri xes
may be, for exanple, polyneric, netallic, ceramc, bio-ceramc, bio-glass
mat ri xes. Whereas, the natural base matrixes may be se- |ected, for
exanpl e, from dem neralised bone, nondem neralised bone, acellularised
bone, natural polyneric, mneral matrixes. As it is known, the
acel lul ari sed bone matri xes are non-dem neral i sed matri xes conpletely (or
substantially) devoid of the donor's cellular mterial. Anmong t he
nat ural base matri xes which may be used for carrying out the present
invention, the humgnggeepse-der hvedahanegmetiecxesnac empeebecopd and the
ani mal -deri ved dem neral i sed, non-dem neralised, acellularised bone

matrixes ar QsEﬁ?t LGl | ¥r pref &dd@dn | & par tddid aimp pi@f emabkyx bovi ne.
Further, the polymeri'c type synthetic base matrix are preferred, in

particul ar %Ldgigkﬁgqggkgbg% ROl YFBFSrred emboHiGeP@N& # MPAANInORET I XES May

have different shapes an I mensi ons, such as to be adapted according to

the shape and.thg,diAens QUp-RhuLACIPOREACALI o5, WIPT 8osaiflgmat rixes can

. a'en
be i npl ant ed. exanp suc one matri xes may be

par al | el epi ped- shape in_particul ar. cuhe- ped. 3 _ | pensi ons of
t he bone | Ilght cﬁ’gpam‘é%?g?t&peex%errp %, leg%g\?ia&%ef rom a gggvd?r#r??i Il some dm

of naXIWUWIEEQg%QQue. The image was obtained on the third day

after the seeding;

- Figure 5 shows graphs of the monoaxial mechani-
cal crushing strength of a bovine-derived acellular-
ised matrix (untreated) and an analogous matrix,
treated according to an example of the invention.

Detailed description of the invention

A bone implant matrix, according to an embodiment
of the invention, comprises:

a) a base matrix treated or to be treated with

b) a reinforcing mixture containing at least a
polymer.

By the expression “base matrix” a substantially
solid tri-dimensional body is meant, intended,.typi—
cally porous, after a treatment described herein be-
low, to be implanted in bone cavities.

The base matrix may be synthetic or natural. The
synthetic base matrixes may be, for example, poly-
meric, metallic, ceramic, bio-ceramic, bio-glass ma-

trixes. Whereas, the natural base matrixes may be se-
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Basic matri xes are usually porous. The bass matrix and the pol yner
(s) of the reinforcing m xture are advantageously bi o-conpati bl e.
Furthernore, the base matrix and/or the polyner of the reinforcing mxture
are preferably biointegrable, in order to better assist the growth of the
new bone integrated with the surrounding tissue. Mor eover by the
expression "reinforcing mxture" it is nmeant a m xture conprising at |east
a polynmer, i.e. which conpr_Ls only one polyner or, alternatively, it my
be nulti-polymeric, i.e may conprise nore than one polyner at the sanme

tine. 16t RAS Ui agxamyld he reypr essiioR raeti BEar Mo, M xéw e it is
meant a m xture, wherein the synthetic or natural, and advantageously

bi 0- conpat i BLfi nPPAVIRIG BoR0) YIBIS.u1ake sbhnebyedi BRERSET. poly-
Particularly preferred is a rernforcrng mi xt ure obt ai ned starting fromtwo

sol utions, gagh. mEHmMﬁtHx@s soluble pol ¥ABf, andhan,agent- pronoting

the cell engra fhrent grow h and prollferatlon and the tissue integration,

respecti vel gcghgg&ssm!eeﬂ%%rﬁﬁgg R rorPUon(TRAL PALL Ak (RSLT 1 € DY

addi ng an a or "ano prop er solvent TN eac in order to

CBUEA ot P ER: AP S TRRE AT SUPEL 22 SR BRI TS g
cellular material.

Among the natural base matrixes which may be used
for carrying out the present invention, the human
corpse-derived bone matrixes are preferred and the
animal-derived demineralised, non-demineralised,
acellularised bone matrixes are particularly pre-
ferred, in particular, preferably, bovine.

Further, the polymeric type synthetic base matrix
are preferred, in particular of bio-compatible poly-
mers.

The bone implant matrixes may have different
shapes and dimensions, such as to be adapted accord-
ing to the shape and the dimensions of the bone cavi-
ties, where said matrixes can be implanted.

For example, such boné matrixes may be parallele-
piped-shaped, in particular cube-shaped.

The dimensions of the bone implant matrixes, for
example, can vary from a few mm till some dm of maxi-
mum length.

Basic matrixes are usually porous.
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finely dispersed on the whole surface of the porous bone matrix, i.e.
coating it also in the inner cavil-des without closing them though.

The pol yner of the reinforcing mxture nmay be selected, for exanple, from
the group conprising bi odegradabl e pol yners, non-bi odegradabl e pol yners,
copol yners of the biodegradabl e polyners, co-polyners of the

non- bi odegr adabl e pol yners, co-polyners of the bi odegradabl e and

non- bi odegr adabl e pol yners. In particular; the biodegradabl e polyners
are selected frompoly(arylates), poly(acrylates), poly(anhydr des),

pol . (hydroxyaci dghe RRlskesl@rSx poby(toet heesiersy, p@i yoar benates,
pol y(propyl ene fumarates), poly(am de. esters), poly(am de carbonates),

pol yam des, polyay peaci,ds. apglymt%lg%oue@kyb%tt&@@atmeygl ycol i des,
poly(dloxanones) pol yhydr oxybut yrat e, pol yhydroxyval erate, pol yvinyl

pyrrol i done, pol yeyangagevl ot e BALKUREDANCSdpBLY Bhkylengnaxi des,

pol yam no car bonates yes er am des, polyester im des, am noacid

pol yaryl at es, . anj,noaci d. d dto VG q'ﬂbg(tt%%g po rBésa&ﬁfé i des

pol y- et hyl ene- glycole an yro ase yne conperinéoﬁolyarilates,

pol yacryl at es and yoar bonat e th d bI pol yners,
pol yesters arg @%@Fred %ﬁt? %&t%%lﬁ ac ?cggglgg%gg o(%poly-

ELV?SL'ZXZ%"@E%?\«ybaS %ﬁ%?%ﬁ%&p% FACETE PBERTEAT) % o pey %2?26‘” el
pol y(LIl acti de-co--capcol act one) co- poly rs,

Moreover by the expression “reinforcing mixture”
it is meant a mixture comprising at least a polymer,
i.e. which comprises only one polymer or, alterna-
tively, it may be multi-polymeric, i.e. may comprise
more than one polymer at the same time.

In particular, by the expression reinforcing mix-
ture it is meant a mixture, wherein the synthetic or
natural, and advantageously bio-compatible, polymer
or polymers, are finely dispersed.

Particularly preferred is a reinforcing mixture
obtained starting from two solutions, each of them
made of a soluble polymer and an agent promoting the
cell engraftment, growth and proliferation, and the
tissue integration, respectively, immiscible to each
other, but made partially miscible by adding an alco-
hol or another proper solvent in each of them; in or-
der to obtain a fine and homogeneous molecular dis-

persion of the components, which, during the solvent

evaporation step <creates a homogeneous coating,



As regards the non-bi odegradabl e pol yners, these may be selected from
pol ypyrrol e, polyanilines, polythiophene and derivates thereof,

pol ystyrene, pol yurethanes, polyureas, poly(erhyl enevinylacetate),

pol ypr opyl ene, pol ynethacryl ate, pol yethyl ene, ool y(ethyl ene oxide).

Mor eover the polymer may be selected fromthe group conprising starch,
pol y(caprol act ones), pol y(1,-1ipoly(0,L- |actide-co-glycolide),

pol y(L-lactide-co-D, Ll actide), their enantioners, their co-polyners and
m xtures thereof. Accordi ng to anot her enbodi nent of the invention,
the reinforeipg) ¢ a&gf;@r@&y 6RMRhES&hdiesidefke pa yims psrdde pol yners,
at |l east an additional conponent selected fromcell nutrients, cell-growth
promo+. ers, ,gell nadhesi on progpielsy Ostepidduct ors, i RSLLOLA YT at or's,
"friendliness to cell". By the expression "friendliness to cell"” it

is meant a %Hgétaﬂfﬁho i Gh oii5.52Phent O REQyPL e the cel | -rooting and the
cell growth, by’s;tinulating céll proliferation and tissue integration,

According fo a_pref erred embodi fent..of (i hes dnyankion hig piriend iness to

cell" may be sel eCt &0 71 om the group consi'sting of gl ycosani nogl ycanes;

pol ysaccharides conprisin arose xtrane, chi . fibrin, fibrinogen
and deri vat ggcfﬁéf gg?’f %’6%@%@ %r ma%% igr{é)ugn(?oa‘érg?%g?%sé%ﬁ%ér eof ;

hyal uroni c acid and derj vates thereof; Vit%ﬂ&ﬂf’ sugh as_vitamn D

soyai sof | av8R&IeBhDr iR FEnes PP AP T ‘i h PP&dlizES t he“bone
destruction and stinmul ate the bone reconstruction, for exiggle drugs used
in treati ngPPhEM®ES eGforei sPEBRPITRIHY St PBAYTEHT 1 aRBIBOEYATF t he use of

gelatine, in particular hydrolysed, as "friendliness to cell"” is

particul ar| pfptapeppadbi %%%%%ﬁbéxﬁﬁmﬁﬁske&?rpﬁﬁ%merﬁr?%hﬁﬁ?ness to
cell" assists the cell rooting and growh, since the cell proliferation and
the tissue batdggatidnaradpnonobéddantadslke inplameirgport ant advantage in
respect to the prior art. The sol vents used to prepare the

rei nforci ng nm xt m epaartel @drmmpnkize knoowe g raddid estratlgmef st dke ase~ and may be,
for instance, dichkoronethane, tetrahydrofuran, isopropanol, etc., and
their speci fleetdge resubhs frpoly herkKiateksof, pol ypody'(scugédieaccording to
the well -known | aws of chem stry

poly (anhydrides), poli (hydroxyacids), polyesters,

poly (orthoesters), polycarbonates, poly(propylene fu-

marates), poly(amide esters), poly(amide carbonates),

polyamides, polyaminoacids, polyacetals, polylac-

tides, polyglycolides, poly(dioxanones), polyhydroxy-

butyrate, polyhydroxyvalerate, polyvinyl pyrrolidone,

polycyanoacrylates, polyurethanes, polyalkylene ox-

ides, polyamino carbonates, polyester amides, polyes-

ter imides, aminocacid polyarylates, aminoacid poly-

carbonates, polysaccharides, poly—-ethylene-glycole

and tyrosine-based polymers, comprising polyarilates,

polyacrylates and polycarbonates.

Among the biodegradable polymers, polyesters are

preferred, in particular polylactic acid (PLA), poly-
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A particularly preferred enbodi nent of the bone inplant matrix conprises a
base matrix, which is a bovine dem neralised bone matrix treated with a
reinforcing mxture conprising a biodegradabl e pol yest er-based co- pol yner,
such as, for exanple, a polycaprol actone-pol yl actide co-pol ynmer (PLA/ PCL)
and, preferably hydrol ysed, gel atine. According to a further,
particularly preferred enbodi nent, the bone inplant nmatrix conprises a base
matri x, whion is a bovine non-dem neralised accellul arised bone matri x,
treated with a reinforcing m xture conprising a bi odegradabl e

pol yest er - based GQROIMTRY , (540N aFe1§@dpexamiee a(mal)y(ind aebi-de- co- =
caprolactong?l and preferably hydrol ysed, gel ati ne. I n anot her

preferred e@PﬁS&%ﬁQttﬂéy%o%?iQLRﬂPiQQ Fh¥t W& qu&kﬁg%a%&FF§est a
ol'y

bi odegr adabl e ester and at least a "friendliness to ce .

According tQ AN LeULRLC emDOGapBEy,) f Ul hehaayKbLs Y BR1LRAL! zed,
conprising the rernforcing mxture in a proper Separate confalner and the
base ma-t:rLA tao be treated. he _bone j ant matrixes descri bed
above may b 3ﬁ5éﬁerﬁ°fﬁéc%ﬁ??&ﬁﬁ§|QSF %Pa?°§&?§g%y, the bone reconstructive
surgery and i npl ant ol ogy. Sai d. bone i npl.ant trixes.,are particularly
suitable to be uéédrﬁﬁg%P§ItEﬁrB8?yPl?é?9ﬁi %?f%?ixﬁerghdtggﬁ?al bone
reconstructive surgery,_in particul ar =

may be Selected from polypyrrole, polyanilines,

polythiophene and derivates thereof, polystyrene,
polyurethanes, polyureas, poly(ethylenevinylacetate),
polypropylene, polymethacrylate, polyethylene,

poly(ethylene oxide). Moreover the polymer may be se-

lected from the group comprising starch,
poly (caprolactones), poly(L-lactide}, poly (D, L-
lactide-co—-glycolide), poly(L-lactide-co-D, L-

lactide), their enantiomers, their co-polymers and
mixtures thereof.

According to another embodiment of the invention,
the reinforcing mixture may comprise, beside the
polymer or the polymers, at least an additional com-
ponent selected from cell nutrients, cell-growth pro-
moters, cell-adhesion promoters, osteoinductors, os-
teointegrators, “friendliness to cell”.

By the expression “friendliness to cell” it is
meant a substance, which is able to promote the cell-
rooting and the cell growth, by s;imulating cell pro-

liferation and tissue integration.
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to reconstruct and consolidate the bone structures before carrying out the
insertion of dental inplants. According to a preferred usage, said
bone inplant matrixes are particularly suitable in the bone reconstructive
surgery, following the decrease in the bone nmass in patients affected by

ost eopor osi s. Additionally, said bone inplant matri xes may be used
also in oral and dental applications, dentistry, as bone "chips", as
support matrixes for cell housing and in cellular therapies. The bone
i npl ant matri xes may be used for both human and veterinary use. A

met hod for prepagihg-§i1g; hone iprelrantcABbfbx@sndr: kg descihbed-herein

bel ow, which conprises the follow ng steps: a) preparing a solution

of a reinfO&ﬁ%ﬂgtﬁEXR%&ﬁeﬁa?iﬂggénganehfasﬁa9 Bel ¥BBEcted fromb) i mmersing
a base matrix into the reinforcing m xture nade according to step a),

the group consisting of glycosaminoglycanes; polysac-
charides comprising agarose, dextrane, chitosane; fi-
brin, fibrinogen and derivates thereof; collagen of
any kind and derivates thereof; hyaluronic acid and
derivates thereof; vitamins, such as vitamin D; soya-
isoflavons comprising genestein; drugs, which reduce
the bone destruction and stimulate the bone recon-
struction, for example drugs used in treating the os-
teoporosis comprising strontium ranelate and the use
of gelatine, in particular hydrolysed, as “friendli-
ness to cell” is particularly preferred. The presence
of at least one “friendliness to cell” assists the
cell rooting and growth, since the cell proliferation
and the tissue integration are promoted and this is
an important advantage in respect to the prior art.

The solvents used to prepare the reinforcing mix-
ture are commonly known in the state of the art and
may be, for instance, dichloromethane, tetrahydrofu-
ran, isopropanol, etc., and their specific use re-
sults from the kind of polymer/s used, according to
the well-known laws of chemistry.

A particularly preferred embodiment of the bone

implant matrix comprises a base matrix, which is a

12



c) drying and degassing the matrix nmade according to step b), preferably in
a vacuum furnace at 37C (2C) for 24 hours, for renoving possible sol vent
residues (for exanple in air or preferably in a vacuum furnace).

Dryi ng and degassing the bone inplant matrix asually take place
contenporarily. Such a nethod may optionally be foll owed by a
post-treatnent step, which conprises for exanple heating, conditioning in a
i nert atnosphere the bone inplant matri xes and degassing to renove

conpl etely the possible residues of solvents used in the preparation

process. boviMd eQ¥Ehe rk NEsHONSoH APh AN i TBEd Dt o @R@RALI @B 1AFOCESS My be
foll owed by a packagi ng nmet hod which conprises the steps of: d) packagi ng

in a steril e and NGt aLIDSBRGEee: 55 o5 hiZatd OniAEenahlctirough eit her

gama-ray or beta ray irradi at1on) he matri xes known in the state of

the art and L SOp ﬁgf ép thﬁxg{tggpaegbg dg%gmg e'ha%p ng?y mechani cal

resi st ance, poor fIXI eS|stance g|||ty an Ittle ductili
characteristics. Ilca t has syr.pri si d t,

treating a 6§§EKH€FFPQemP? relﬁ?or 0 efurg$ﬂg % |nén§f Ieast a

pol ymer, as descri bed above slble to obtain bone inplant

matri xes, WHIGT SFaPeYsli¥ r%h%??qﬂt éP&Cterlstlcs as to make easier
shaping, in the pre-inplant ste t he bone i wi th the desired
accuracy, in reIéFFSﬁd%Bgtﬁ% a further particu ar y pre erred em—

bodiment, the bone implant matrix comprises a base
matrix, which is a bovine non-demineralised accellu-
larised bone matrix, treated with a reinforcing mix-
ture comprising a biodegradable polyester-based co-
polymer, such as, for example, a poly(L-lactide-co-g¢-
caprolactone), and preferably hydrolysed, gelatine.

In another preferred embodiment, the reinforcing
mixture comprises at least a biodegradable polyester
and at least a “friendliness to cell”.

According to a particular embodiment, further a
kit may be realized, comprising the reinforcing mix-
ture in a proper separate container and the base ma-
trix to be treated.

The bone implant matrixes described above may be
used in the orthopedic, oral surgery, the bone recon-
structive surgery and implantology.

Said bone implant matrixes are particularly suit-
able to be used in oral surgery, in maxillo-facial

and dental bone reconstructive surgery, in particular

13



bone cavity, which will host the matrix itself. Mreover, the nechanical
resi stance of the bone inplant nmatrixes, obtainable according to the
descri bed enbodi nents, determ nes a reduced trend to the fragile fracture

of the matri xes thenselves, this is partico.- larly advantageous both in
t he i npl antyd sh1§blokisPOSi tioning step and in the positi aimg@nehtPsertion
of clanping elenents (for exanple screws), of such a matrix. Figure 5

depicts two graphs of nonoaxi al nechanical crushing strength: the curve
"untreated" refers to a bovine-derived acelluiarised matri x and the curve

"treated" refers.ddnsantuanal ggue caaebl ubard sedenaidi, stigategdesni th a
reinforcing m xture, containing at |east one polyner, as previously

di scl osed. 8L COMRIdR0R endheat et i piiewhauahys di scl osed
t r eat ment agpgaggt e matri x to be stiffero(increased nngulus of elasticity,

or Young's modul %g():oxa&%l#%\{)e a2 t@e@@?feé &&Sis%lﬁn%%n@”@fﬁﬁm effort, in

t:
MPa) . The bone i ant ri xes may he subject, during the
pre-inplant step, to_a possible cell-seedi o] S e cells can
be seeded b?a%§?ﬁﬁss%5%iﬂ@r?ﬂ%ﬁﬁ?%ﬁé§u%%%&ggigﬁtﬁggspg?% g?cgﬁe art,
preferably with mcro-seeding_technique after the matrjx has been brought
to a tenper &CGPELHTC 3TEIPT%f ef 3V1P% iﬁeiﬁgﬁﬁg?ﬁ?)l?hgﬁgeg%%% bone
inmplant mat ix is then covered with a prqﬁer cul turing nedi um and kept
i nsi de the MAEELAR P2 BERYrTiatd ACFeFNRY t @EHIRRUEE ‘Commonl y required by the
cell type used. For each centinetre of the bone inplant matrix, the

cel | optinal | oaldditepmakly300000l SoUBoolREnt matrixes may be

used also in oral and dental applications, dentistry,
as bone “chips”, as support matrixes for cell housing
and in cellular therapies.

The bone implant matrixes may be used for both
human and veterinary use.

A method for preparing the bone implant matrixes
is be described herein below, which comprises the
following steps:

a) preparing a solution of a reinforcing mixture
containing at least a polymer,

b) immersing a base matrix into the reinforcing
mixture made according to step a),

c) drying and degassing the matrix made according
to step b), preferably in a vacuum furnace at 37°C
(£2°C) for 24 hours, for removing possible solvent
residues (for example in air or preferably in a vac-

uum furnace).

14



Figure 4 shows how the bone inplant matrix according tb an embodi ment of
the invention allows the cell rooting, due to the porosity characteristics,

in tetnms of both dinmensions and avail abl e spaces. The presence of a
lattice formed by the chondrocytes inside the porous spaces of the matrix
is, indeed, pointed out. The followng, not Iimtative, exanples
descri be enbodi nents of the invention. EMBODI MENT EXAMPLE 1. Met hod
for preparing a bone Inplant matrix Bring into solution 1 g of
polymer in 20 m of dichl oronet hane. Prepare 20 ml of 1.5% sol ution

of hydrol ysed ppb?b@ﬁ gghgiééﬁ%ssing thAddoA0 mhpoint seRaRanal-to the
pol ynmeric sol ution pr%V|oust pr epar ed.
ally take place contemporarily.

Such a method may optionally be followed by a
post-treatment step, which comprises for example
heating, conditioning in a inert atmosphere the bone
implant matrixes and degassing to remove completely
the possible residues of solvents used in the prepa-
ration process.

Moreover, the bone implant matrix preparation
process may be followed by a packaging method which
comprises the steps of:

d) packaging in a sterile and inert atmosphere,

e) sterilization (preferably through either
gamma-ray or beta-ray irradiation).

The matrixes known in the state of the art and
commonly used in the orthopaedic surgery have poor
mechanical resistance, poor fixing resistance, fra-
gility and little ductility characteristics.

The Applicant has surprisingly found that, by
treating a base matrix with a reinforcing mixture
containing at least a polymer, as described above, it
is possible to obtain bone implant matrixes, which
have such ductility characteristics as to make easier
shaping, in the pre-implant step, the bone implant

matrix, with the desired accuracy, in relation to the

15



Keep the obtained polyneric solution under stirring for 15 m nutes.
Add the porcine gelatine, previously prepared, to the polyneric solution.
Keep the polyneric solution so obtained well stirred for at |least 5

m nut es. | merse the base matrix into the polyneric solution and keep
imrersed for at |east 30 m nutes. At the end, dry the product in the
air for at |east 24 hours. Optionally, treat subsequently in a
furnace, to renove the remai ning solvent fromthe bone inplant matrix
(T<400). EVMBODI MENT EXAMPLE Zh, Method for preparing a bone inplant
matri x boBEl BEvEAL0 siati@m il 1 RLARCImLa-iRoliyen £i nMdBerl  of

di chl bronet hane. Keep under stirring with a magnetic stirrer for at |east

45 m nutes Al L-00PHL REN A8 understshicer id¥d ate aBoMt 1RB15RM
matrixes, obtainable according to the described em-
bodiments, determines a reduced trend to the fragile
fracture of the matrixes themselves, this is particu-
larly advantageous both in the implant in situ posi-
tioning step and in the positioning and insertion of
clamping elements (for example screws), of such a ma-
trix.

Figure 5 depicts two graphs of monoaxial mechani-
cal crushing strength: the curve "“untreated” refers
to a bovine-derived acellularised matrix and the
curve “treated” refers to an analogue acellularised
matrix, treated with a reinforcing mixture, contain-
ing at least one polymer, as previously disclosed.
The clear comparison indicates how the previously
disclosed treatment allows the matrix to be stiffer
(increased modulus of elasticity, or Young’s modulus)
and have a higher load resistance (maximum effort, in
MPa) .

The bone implant matrixes may be subject, during
the pre-implant step, to a possible cell-seeding
process.

The cells can be seeded by using seeding tech-

niques known in the state of the art, preferably with

16



Prepare 20 m of 1.5%solution of hydrol ysed porcine gel atine.

Pour water,

preferably by injection, and gently stirring, add the hydrolysed porcine
gel ati ne. Keep under stirring for at least 1 hour at 37"C ( 2C), under

stirring at about 100 rpm Add 10 m of isooropanol
co polymeric solution in dichloromethane previously prepared.

the so obtai ned polyneric solution under stirring for

20 m nut es.

to the PLA/ PCL
Keep

Add

the gelatine solution, previously prepared, to the co-polyneric solution.
Keep the polyneric solution so obtained well stirred for 10 mnutes at
t enper at ur e,pjWdesesti ffi NG @nidpRUt a288r I e matrikMAsebkba

dem neral i sed bone matrix into the polyneric solution and keep i mersed for

at 1 st 30 mnues wyer sthibki-agufabeyt 20Q rpleferably Alnthg end, insert
t he product 1 n the vacuum furnace for at |east 24 hours at 37C (4- 20

incubator). The seeded bone implant matrix is then

covered with a proper culturing medium and kept in-

side the incubator according to the techniques com-~

monly required by the cell type used.

For each centimetre of the bone implant matrix,

the cell optimal load is about 300000-500000 cell/cm’.

Figure 4 shows how the bone implant matrix ac-

cording to an embodiment of the invention allows the

cell rooting, due to the porosity characteristics, in

terms of both dimensions and available spaces.

The presence of a lattice formed by the chondro-

cytes inside the porous spaces of the matrix is, in-

deed, pointed out.

The following, not limitative, examples describe

embodiments of the invention.

EMBODIMENT EXAMPLE 1. Method for preparing a bone

implant matrix

Bring into solution 1 g of polymer in 20 ml of

dichloromethane.

Prepare 20 ml of 1.5% solution of hydrolysed por-

cine gelatine.

Add 10 ml of isopropanol to the polymeric solu-

tion previously prepared.

17
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EMBODI MENT EXAVPLE 23. Method for preparing a hone inplant matrix.

Bring into solution 1 g PLA/PCI, co-polyner in 20 m of dichloronethane.
Keep under stirring for at least 45 mnutes at roomtenperature in order to
obta n a solution having a very honbgeneous di spersion. Prepare 20 m
of 1.5% solution of hydrol ysed porcine gelatine. Pour water, preferably by
injection, and gently stirring, add the hydrol ysed porcine gel ati ne. Keep
under stirring for at least 1 hour at 37C ( 2C), in order to obtain a
solution characterized by a very honogeneous di spersion. Add 10 m of

i sopropanol to tpec d;E’LeﬁEC&bt:lei YoreIyrfe 5@ Wo10mibA dheblkosemet hane
previ ously prepare Keep the so obtained co-poi.ynerlc solution

under stlrrlqg f oL 205 i uhesy Add the gel atine solution, previously
prepared, to Re™2o- polynerlc ‘sol ution.

Add the porcine gelatine, previously prepared, to
the polymeric solution.

Keep the polymeric solution so obtained well
stirred for at least 5 minutes.

Immerse the base matrix into the polymeric solu-
tion and keep immersed for at least 30 minutes.

At the end, dry the product in the air for at
least 24 hours.

Optionally, treat subsequently in a furnace, to
remove the remaining solvent from the bone implant
matrix (T<40°C).

EMBODIMENT EXAMPLE 2A. Method for preparing a
bone implant matrix

Bring into solution 1 g PLA/PCL co-polymer in 20
ml of dichloromethane. Keep under stirring with a
magnetic stirrer for at least 45 minutes at room tem-
perature, under stirring at about 100 rpm.

Prepare 20 ml of 1.5% solution of hydrolysed por-
cine gelatine. Pour water, preferably by injection,
and gently stirring, add the hydrolysed porcine gela-
tine. Keep under stirring for at least 1 hour at 37°C

(£ 2°C), under stirring at about 100 rpm.

18



Keep the polyneric solution so obtained well stirred for 10 m nutes at roon

tenperature, in order to obtain a stable, well. honbgeneous and
nano- di spersed solution of all the conpounds used. | merse the bovine
non-dem neral i sed, acellularized bone matrix into the polyneric solution
and keep imersed for at |east 30 m nutes under stirring. At the end,
insert the product in the vacuum furnace for 24 hours at 37C ( 2C) in order
to renove the sol vents. EMBODI MENT EXAMPLE 2C. Method for preparing a
bone I nplant matri x. Bring into solution 1 g P(L,DL) LA co-polyner in

20 m of dichlor gggt hanen1Kesp underophhbli NG f @heatplgasis 460A1 nut es at
roomtenperature in order to obtain a solution having a very honpbgeneous

di spersi on. ayolé/meri!:”gﬁﬁﬁgi%rheigoé{.i@ﬁlmmdei %ddHiOuthe pekyneric
solution and keep imersed for at |east 30 m nutes under Stirring.
Insert the product in the vacuum furnace for 24 hours at 37C ( 2C) in order

a .
to renove tIJ1°e sol'vents.

Keep the so obtained polymeric solution under
stirring for 20 minutes.

Add the gelatine solution, previously prepared,
to the co-polymeric solution.

Keep the polymeric solution so obtained well
stirred for 10 minutes at room temperature, under
stirring at about 180 rpm.

Immerse the demineralised bone matrix into the
polymeric solution and keep immersed for at least 30
minutes under stirring (about 200 rpm).

At the end, insert the product in the vacuum fur-
nace for at least 24 hours at 37°C (+ 2°C).

EMBODIMENT EXAMPLE 2B. Method for preparing a
bone implant matrix.

Bring into solution 1 g PLA/PCL co-polymer in 20
ml of dichloromethane. Keep under stirring for at
least 45 minutes at room temperature in order to ob-
tain a solution having a very homogeneous dispersion.

Prepare 20 ml of 1.5% solution of hydrolysed por-
cine gelatine. Pour water, preferably by injection,
and gently stirring, add the hydrolysed porcine gela-

tine. Keep under stirring for at least 1 hour at 37°C
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| merse again the matrix, previously treated in the polyneric solution and

keep imersed for at |east 30 mnutes under stirring. I nsert the
product in the vacuum furnace for 24 hours at 37C ( 2C) in order to renove
t he sol vents. Prepare 20 m of 1.5%solution of hydrol ysed porcine

gel atine. Pour water, preferably by injection, and, gently stirring, add
the hydrolysed porcine gelatine. Keep under stirring for at least 1 hour at
37C ( 20), in order to obtain a solution characterized by a very

honogeneous di sper si on. Add 10 ml of isopropanol to the P(L,DL)LA
co- POl ymer! Gusaladhl, oyl b ANl ARINANG RMIOHS|chLERBLEded Keep
the so obtalne polymeric solution under stirring for 20 m nutes,

Add the gel atine squ ion revi o ared, to the co-polyneric
sol uti on. By & %ﬂmoim>%ﬂﬁﬁ|4¥%?gfgﬁgﬁon so obtained well stirred for

10 mnutes at r
t Oggh 10 erﬁturg fggp%opanol to the PLA/PCL co-

polymeric solution in dichloromethane previously pre-
pared.

Keep the so obtained co-polymeric solution under
stirring for 20 minutes.

Add the gelatine solution, previously prepared,
to the co-polymeric solution.

Keep the polymeric solution so obtained well
stirred for 10 minutes at room temperature, in order
to obtain a stable, well homogeneous and nano-
dispersed solution of all the compounds used.

Immerse the bovine non-demineralised, acellular-
ized bone matrix into the polymeric solution and keep
immersed for at least 30 minutes under stirring.

At the end, insert the product in the vacuum fur-
nace for 24 hours at 37°C (x 2°C) in order to remove
the solvents.

EMBODIMENT EXAMPLE 2C. Method for preparing a
bone implant matrix.

Bring into solution 1 g P(L,DL)LA co-polymer in
20 ml of dichloromethane. Keep under stirring for at
least 45 minutes at room temperature in order to ob-

tain a solution having a very homogeneous dispersion.

20



to obtain a stable, well,
t he conpounds used.

nondem ner al i sed,
solution and keep i mrersed for at
insert the product

t he end,

in order to renove the solvents. EXAMPtE 3. Experinental tests

opti cal

m croscope scanni ng of severa

honogeneous and nano- di spersed sol ution of al

| merse the already twi ce treated-bovine

acel lularized bone matrix into the |last polyneric

| east 30 m nutes under stirring. At
in the vacuum furnace for 24 hours at 37C ( 2C

The

substrates was carried out, using

t he ESEM system Evo 50 EP by Zei ss-Canbridge Instrunments (Gernmany).

All the inmages wegge@bbatREdodide i eSane riRgnht ddgie I ymeric
all the inmages were nornalised at the same proportions.

Mor eover,

Figure 1

shows an i mage abtai nedy bycthe iapki-cal Mgl 0scopeaof aohupmmtaene corti cal

| ayer, which present a the desirable porosity and nmechanical .

characterlstdﬁgér stirring.

Insert the product in the vacuum furnace for 24
hours at 37°C (x 2°C) in order to remove the solvents.

Immerse again the matrix, previously treated in
the polymeric solution and keep immersed for at least
30 minutes under stirring.

Insert the product in the wvacuum furnace for 24
hours at 37°C (* 2°C) in order to remove the solvents.

Prepare 20 ml of 1.5% solution of hydrolysed por-
cine gelatine. Pour water, preferably by injection(
and, gently stirring, add the hydrolysed porcine
gelatine. Keep under stirring for at least 1 hour at
37°C (£ 2°C), in order to obtain a solution character-
ized by a very homogeneous dispersion.

Add 10 ml of isopropanol to the P(L,DL)LA co-
polymeric solution in dichloromethane, previously
prepared.

Keep the so obtained co-polymeric solution under
stirring for 20 minutes.

Add the gelatine solution, previously prepared,
to the co-polymeric solution.

Keep the polymeric solution so obtained well

stirred for 10 minutes at room temperature, in order

21
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Figure 2 shows an inmage obtai ned by an optical mcroscope of a bovine
dem neralised bone matrix. In the mcroscopic structure, remarkable

di fferences nay be highlighted in respect to the hunan bone cortical |ayer
(figure 1), in particular concerning the porosity. The |atter appears much
hi gher and poorly conpatible with the cell rooting. The bovi ne

dem neralised bone matrix in figure 2, which represents a "base matri x"
according tb an enbodi nent of the invention, underwent a treatnment with a
reinforcing m xture containing at |least a polyner, in pa ticular CODA ining
a pol ycaprolkact gaepohVl act seals0= polwamEr (RigRehbuandahydr abiysed gel ati ne.
The i mage of the reinforced bovine dem neralised bone matri x obtai ned by

the optical JLEEPSEQPE-T St SNOWE 12N 1f LEHI 8odbounds usdsi.it can be seen by
conparing figure 1 and figure 3, the mcroscopic structure of the bone

impl ant matrix ip.flgure 3 .obtajoed, acoedi ng-do an yhedi meat-of the

i nvention shows strong simlarity to the human bone cortical layer. In

particular,d&ggﬁgggi{g@é}ﬁ;%¥%g%§l%§%ﬁggiq&nﬂpps%&ﬁ?%pnghgpelyhgpnparable in

terns of bot nenst ons’ an e spaces e cell rooting. The

prelim nary _nechani cal (.and e- .l nplan ests have confirned_an adequacy
of the natrﬂ?sghoﬁﬁi§WF Jfbufg&gt%ﬂniﬁ%F%n%SFBayl?%ﬁr ?ﬁ%&ﬁoﬁseééthe

behavi our of such trix is particularly satis-
least 38 g?hutes und%r stgrr?ngy

At the end, insert the product in the vacuum fur-
nace for 24 hours at 37°C (£ 2°C) in order to remove
the solvents.

EXAMPLE 3. Experimental tests

The optical microscope scanning of several sub-
strates was carried out, using the ESEM system Evo 50
EP by Zeiss-Cambridge Instruments (Germany).

All the images were obtained with the same magni-
tude: 30X.

Moreover, all the images were normalised at the
same proportions.

Figure 1 shows an image obtained by the optical
microscope of a human bone cortical layer, which pre-
sents the desirable porosity and mechanical resis-
tance characteristics.

Figure 2 shows an image obtained by an optical
microscope of a bovine demineralised bone matrix. In
the microscopic structure, remarkable differences may

be highlighted in respect to the human bone cortical
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factory,

pol yner.

base matrix is synthetic,

metallic,

matri xes,
matri xes.

if conmpared to the behaviour of the human bone corti cal
CLAIMS 1. A bone inplant matrix conpri sing:
or to be treated with

| ayer.

. a) a base matrix treated
b) a reinforcing m xture containing at | east a

2. A bone inplant matrix according to claim1l, wherein the

layer (figure 1), in particular concerning the poros-
ity. The latter appears much higher and poorly com-
patible with the cell rooting.

The bovine demineralised bone matrix in figure 2,
which represents a “base matrix” according to an em-
bodiment of the invention, underwent a treatment with
a reinforcing mixture containing at least a polymer,
in particular containing a polycaprolactone-
polylactic co-polymer (PLA/PCL) and hydrolysed gela-
tine.

The image of the reinforced bovine demineralised
bone matrix obtained by the optical- microscope 1is
shown in figure 3.

As it can be seen by comparing figure 1 and fig-
ure 3, the microscopic structure of the bone implant
matrix in figure 3 obtained according to an embodi-
ment of the invention shows strong similarity to the
human bone cortical layer. In particular, concerning
the porosity, which appears completely comparable in
terms of both dimensions and available spaces for the
cell rooting.

The preliminary mechanical (Fig. 5) and pre-
implant tests have confirmed an adequacy of the ma-
trix shown in figure 3 in implantology for human use,

the behaviour of such a matrix is particularly satis-
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selected fromthe group consisting of polyneric,
ceram c, bio-ceramc and bio-glass, or natural selected fromthe
group consi sting of dem neralised bone matri xes,
acel lul ari sed bone matri xes, natural polynmeric matrixes, mneral

non-dem neral i sed bone



3. A bone inplant matrix according to claim1, wherein the base matrix
and/or the polynmer of the re-1 forcing mxture is hi -integrable 4, A
bone inplant matri x according to claim2, wherein the base matrix is a bone
dem neral i sed or non-dem neralised or bone acellularized, bovine or hunman
corpse-derived matri x, 5. A bone inplant matri x according to claim
2, wherein the base matrix is polyneric of bioconpatible polyners.

6. A bone inplant matrix according to claim1, wherein the polyner of the
reinforcing mxture is se l|ected fromthe group consisting of

bi odegr adableg pek-ymerns, agsdiedegs adabl edpehyBRES oCotRo! yoRras of
bi odegr adabl e pol yners, co-polyners of non-bi odegradabl e pol yners,

co- pol ymer s of bi.gdegrafdapl g ,and non- bi odegradabl e pol yners. 7. A
bone inplant matrix accordi'ng to claim®6, wherein ti- biodegradabl e polyner
is selected fromthegroupconsi stingofpol y(aryl ates),

pol y(acryl ates), pol y(anhydri des),
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poli (hydroxyaci ds), polyesters, poly(orthoesters), polycarbonates, poly
(propyl ene fumarates), poly(amide esters), poly(am de carbonates), polyam
des, pol yam noaci ds, pol yacetal s, polylactides, polyglycolides,

pol y(di oxanones), pol yhydroxybutyrate, polyhvdroxyyal erate, poly vinyl
pyrrolidone, polycyanoacrvl ates, polyurethanes, polyal kyl ene oxi des,

pol yam no car bonates, po/yester am des, polyester imdes, polyarylate

am noaci ds, pol vcarbonate anm noaci ds, polysacchari des,

pol y- et hyl ene-gl ycol e and tyrosi ne-based pol ynmers conprising polyaril ates,
pol yacryl ates and pol y-carbonates. c.atMs 8. A bone inplant matrix accordi ng
to claim?7, wherein the bio-degradabl e polyester is selected fromthe group

consi sting of pol ylgciig asisl (R ke pel daicalif.aci d (PSY).

pol ycapr ol act one (P co- pol ymer st hereof conpri si ng pol ycapr oi act one-

polyl ectio (PLA'POL) (GO LAUMTRLS ¢ BOLYL oL A Il GheEAPGRLACT one)

co- pol yners. one inplant matrix according to claim®6, wherein

t he non- bi odegr adabl_e pal r.is selected from.the grQup ¢ i sting of
pol ypyrrol e, po?? nﬁi4%i9ﬁ§%9¢Pﬁi86ﬁ§Hégaﬁ n%g?%&g eg&tﬁg?%gi,gpolystyrene,
poIyurethanesgygolyureas, pol y(et hyl enevi nyl acetate), pol ypropyl ene,

pol yret hacr PPa¥@S* pol yet hyl ene, poly (ethyl ene oxide). 10. A bone

i mplant matrix according to claim6, wherein the pO“%?EéléﬁnsfjeCted from

the group consi st nGofSHEr cHIHANH irda @iy ol

wherein the base matrix is synthetic, selected from
the group consisting of polymeric, metallic, ceramic,
bio-ceramic and bio-glass, or natural selected from
the group consisting of demineralised bone matrixes,
non-demineralised bone matrixes, acellularised bone
matrixes, natural polymeric matrixes, mineral ma-
trixes.

3. A bone implant matrix according to claim 1,
wherein the base matrix and/or the polymer of the re-
inforcing mixture is bio-integrable.

4. A bone implant matrix according to claim 2,
wherein the basé matrix is a bone demineralised or
non-demineralised or bone acellularized, bovine or
human corpse-derived matrix.

5. A bone implant matrix according to claim 2,
wherein the base matrix is polymeric of biocompatible
polymers.

6. A bone implant matrix according to claim 1,

wherein the polymer of the reinforcing mixture is se-
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| actide), po/y(D, L-lactide-co-glycolide), poly(l,- |actide-co-D,L-Iactide),
their enantlonmers, their copolynmers and m xtures thereof. 11. A bone
i nplant matrix according to claiml1l, wherein the reinforcing mxture
conprises an additive selected fromthe group consisting of cell-nutrients,
cell-growth pronoters, cell-adhesion pronoters, ostea-inductors,
osteo-integrators, "friendliness to cell™. 12. A hone inplant matrix
according to claim11l, wherein the "friendliness to cell"” is selected from
the group consisting of gelatine, hydrol ysed gela- 27 tine;

gl ycosami noa'&&%éaeSfr&Pl ¥$RcChabifesAgALRSag dext ARRegehibpsane; fibrin,
fi brinogen and derivates theréeof; collagen o? any kind and derivates

ther eof ; hyg)'olig,&@!cs A0 -BAAAEELAAI RS LBEVROLS, VELAPh Iome RPNBE ! S1 N
1.); soy

vi tam n. a-[ sofllavons Conpri si ng genestein; drugs, which reduce the
bone destruct.i % angeéiénul%%ﬁgkggsbone(ﬁg_Qﬁ LYgtion,€onmppiging strontium
i 2o . Ly :

ranel ate gre one i nt mhtri x acc ing to claiml1l, wherein the
rei nforcing

2101 L 19 Lt 2, SOTBT 3532k C28Lc8, Bhodeotadalila ol uesler and at
to Clainll’a%%ﬁggk§éggaegradable polymers.

7. A bone implant matrix according to claim 6,
wherein the biodegradable polymer is selected from
the group consisting of poly(arylates),
poly(acrylates), poly (anhydrides}),
poli (hydroxyacids), polyesters, poly (orthoesters),
poiycarbonates, poly (propylene fumarates), poly(amide
esters), poly(amide carbonates), polyamides, polyami-
noacids, polyacetals, polylactides, polyglycolides,
poly(dioxanones), polyhydroxybutyrate, polyhydroxy-
valerate, poly vinyl pyrrolidone, polycyanoacrylates,
polyurethanes, polyalkylene oxides, polyamino carbon-
ates, polyester amides, polyester imides, polyarylate
aminoacids, polycarbonate aminoacids, polysaccha-
rides, pély—ethylene—glycole and tyrosine-based poly-
mers comprising polyarilates, polyacrylates and poly-
carbonates.

8. A bone implant matrix according to claim 7,
wherein the bio-degradable polyester is selected from

the group consisting of polylactic acid (PLA),

poliglycolic acid (PGA), polycaprolactone (PCL) and
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a bovine dem neralised bone matrix treated with a reinforcing mxture
conpri sing a bi odegradabl e pol yest er-based co-pol yner and hydrol ysed

gel ati ne or a bovine acellularised bone matrix, treated with a
reinforcing mxture conprising a bi odegradabl e pol yest er-based copol yner
and hydrolized gel atine 15. A bone inplant matrix according to claim
14, wherein the biodegradabl e pol yester-based co-polyner is a

pol ycapr ol act one- pol yl actic copol : ner (PLA/ PCL). 16. A bone inpl ant
matrix according to claim 14, wherein the biodegradabl e pol yester-based
co- pol yner -.§-8oPphykd-- | agldderCo- aokapl o af t o)1 veappel ¥eesne- 17. A

bone inplant matrix according to claim1l, for use in hone reconstructive

Surgery.  poryific: A bqpeal BBl ANtITRL ke BSC O A 1 Qabk 2hgndd. for use i
nHX|IIo-facPa} one reconstrucflve surgery.
g-capcolactone) co-polymers.

9. A bone implant matrix according to claim 6,
wherein the non-biodegradable polymer is selected
from the group consisting of polypyrrole, polyani-
line, polythiophene and derivates thereof, polysty-
rene, polyurethanes, polyureas,
poly(ethylenevinylacetate), polypropylene, polyme-
thacrilate, polyethylene, poly(ethylene oxide).

10. A bone implant matrix according to claim 6,
wherein the polymer is selected from the group con-
sisting of starch, poly(caprolactones), poly (L-
lactide), poly(D,L-lactide-co-glycolide), poly (L-
lactide-co-D, L-lactide), their enantiomers, their co-
polymers and mixtures thereof.

11. A bone implant matrix according to claim 1,
wherein the reinforcing mixture comprises an additive
selected from the group consisting of cell-nutrients,
cell-growth promoters, cell-adhesion promoters, os-
teo-inductors, osteo-integrators, “friendliness to
cell”.

12. A bone implant matrix according to claim 11,

wherein the “friendliness to cell” is selected from

the group consisting of gelatine, hydrolysed gela-
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19. A bong, inplant matrix according to claim1, for use in the oral
surgery 20. A boneinplant: matrix according to claiml1, for |uman or
veterinary use. 21. Use of a bone inplant matrix according to claim
I, in bone reconstructive surgery. 22. Use of a bone inplant matrix
according to claim?21, in nmaxillo-facial bone reconstructive surgery.

23. Use of a bone inplant matrix according to claiml, in oral surgery.
24. A nmethod for preparing a bone inplant matrix, conprising the steps of:
a) preparing a solution of a reinforcing mxture containing at |east a

gg: ﬁm%:) ) tindd) & IESSinithdy 18RS Bt I yisilcehsat dek i gireisag M xture

| dextrane, chitosane; fibrin, fibrinogen and derivates
thereof; collagen of any kind and derivates thereof;
hyaluronic acid and derivates thereof; vitamins, com-
prising vitamin D; soya-isoflavons comprising
genestein; drugs, which reduce the bone destruction
and stimulate the bone reconstruction comprising
strontium ranelate.

13. A bone implant matrix according to claim 1,
wherein the reinforcing mixture comprises at least a
biodegradable polyester and at least a “friendliness
to cell”.

14. A bone implant matrix according to claim 1,
comprising:

a bovine demineralised bone matrix treated with a
reinforcing mixture comprising a biodegradable poly-
ester-based co-polymer and hydrolysed gelatine

or

a bovine acellularised bone matrix, treated with
a reinforcing mixture comprising a biodegradable
polyester-based copolymer and hydrolized gelatine.

15. A bone implant matrix according to claim 14,
wherein the biodegradable polyester-based co-polymer

is a polycaprolactone-polylactic copolymer (PLA/PCL).
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c) drying and optionally degassing the matrix for renoving possible sol vent
resi dues; d) optionally imrerse the dried and optionally degassed,
again, in said solution of reinforcing matri x. 23. A method for
preparing a bone inplant matrix according to claim?24, further conprising

t he posttreatnment step selected fromheating, conditioning in a inert

at nosphere, vacuum degassi na. 26. A nmethod for preparing a bone
inplant matrix according to claim24, further conprising the steps or d)
packaging in sterile and inert atnosphere, e) sterilization. Si

dichiara die is psesgenéna U diadiuzi-one stedeliengletot esdmm dpi, brevetto
eur opeo n

wherein the biodegradable polyester-based co-polymer

is a poly(L-lactide-co-g-caprolattone) co-polymer.

17. A bone implant matrix according to claim 1,
for use in bone reconstructive surgery.

18. A bone implant matrix according to claim 17,
for use in maxillo-facial bone reconstructive sur-
gery.

19. A bone implant matrix according to claim 1,
for use in the oral surgery.

20. A bone implant matrix according to claim 1,
for human or veterinary use.

21. Use of a bone implant matrix according to
claim 1, in bone reconstructive surgery.

22. Use of a bone implant matrix according to
claim 21, in maxillo-facial bone reconstructive sur-
gery.

23. Use of a bone implant matrix according to
claim 1, in oral surgery.

24. A method for preparing a bone implant matrix,
comprising the steps of:

a) preparing a solution of a reinforcing mixture
containing at least a polymer,

b) immersing a base matrix into said reinforcing

mixture solution,
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c) drying and optionally degassing the matrix for
rgmoving possible solvent residues;

d) optionally immerse the dried and optionally
degassed, again, in said solution of reinforcing ma-
trix.

25. A method for preparing a bone implant matrix
according to claim 24, further comprising the post-
treatment step selected from heating, conditioning in
a inert atmosphere, vacuum degassing.

26. A method for preparing a bone implant matrix
according to claim 24, further comprising the steps
of:

d) packaging in sterile and inert atmosphere,

e) sterilization.

Si dichiara che la presente & una traduzione fe-

dele del testo del brevetto europeo n°
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