DESCRI PTI ON HYALURONI C ACI D COATED BONE | MPLANT DEVI CE
The present invention relates to a bone inpl ant
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ort hopaedi c prosthesis in the vertebral col um,

provi ding a quicker osteo- integration than the prior

art devices . Background of the invention The use of

nmetal devices permanently inpliantable in bone tissue

is widespread in various branches of nedicine. For

exanpl e, the dental inplantDBSCREPYIQNOVI des the use

of screws, generally nmade of titanium in the | owner

jaw or nmaxil | gYAgrResIt aCHY ICOATEN 8biy IMepANIC REVIREL Or

no | onger functional bone roots . In orthopaedics,

sever alThieVipgeseher inashtitenf ivetdtes tedust bomeof implant
vertebral nobility, vertebral colum surgery, are
cEEny, | Mpbant eshidrbBpne tdssuedehtal hesgrosthesis  and
applications, the inplanted device is firmy locked in

t e dB i 81 t i Hesitdhe gmowt kheunt bbrdebegll  column,
contact with the device, of newy forned bone tissue.

Th IH%H&"%' i £ Nod Se kNN e @Sa t 16 OSKER- the prior art
ig?éaeztion, ﬁ%él%g%n mf%%ly std%?%d and describe% in

t hgJeedwical -scientific literature of the sector,

Background of the invention

The use of metal devices permanently implantable in
bone tissue is widespread 1in various branches of
medicine. For example, the dental implant surgery
provides the use of screws, generally made of titanium,
in the lower jaw or maxilla bones to artificially
replace lost or no longer functional bone roots. In
orthopaedics, several devices for fracture fixation,
reduction of <vertebral mobility, vertebral column
surgery, are commonly implanted in bone tissue.

In these applications, the implanted device is
firmly locked in the implant site due to the growth,
until direct contact with the device, of newly formed
bone tissue. This phenomenon, which is known as the
osteo-integration, has been widely studied and described
in the technical-scientific literature of the sector,
particularly as refers to the bone implant surgery by

means of titanium devices. Contrarily to other processes



particularly as refers to the bone inplant surgery by
means of titaniumdevices. Contrarily to other
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ti ssues, entailing the encapsulation in a fibrous
material, i.e fiber integration, the growh of bone

tissue directly in contact with the device offers a
firmanchorage, which nakes the device suitable to

wi t hstand | oads and perform structural tasks . Wile

t kef di smppbnnetibasedodn dstredgn ntegtaetiah ariem tissues,
recently having great success and ever-increasing
appltscidtirenstheeeeicalpsprieliens iaf i &l frieraus taterial, i.e
solved. Particularly, it is inportant to accelerate

t el et et dditegiei | OfhgrPeesh ast Miche asipeasi dieectly in
t hereby reducing the tinme between the insertion of the

| rgdractandi the taet Wrlviqadthereos. fiaf exarmbeagé N which
dentistry the inplant is generally not "|oaded" |,

t henely die v @dtsearuwie pes @l thdtSndvsbaeat 86 perform
function by neans of that inplant, for a period of

tigm-dangdng dde4p 1 to 4 nonths after the
intervention, in order to allow bone tissue healing

and | nqEce OSEeR- angsgllbyih@@- dadddehbr 85t ¥BL k Btegration
bones nornally heal well with healthy and young

o0, oo kpi Sy AT ko Lol 180, oy pcpeasas

URERA i U EMERNT | onsy@Rgh behpgy RefboNishii§aNt ROMLIPN @F  pbe
solved. Particularly, it is important to accelerate the
osteo-integration process as much as possible, thereby
reducing the time between the insertion of the implant
and the actual load thereon. For example, in dentistry
the implant is generally not “loaded”, thereby the
patient cannot perform his masticatory function by means
of that implant, for a period of time ranging from 1 to
4 months after the intervention, in order to allow bone
tissue healing and induce osteo-integration.
Furthermore, while bones normally heal well with healthy
and young people, it is often very slow with old and
osteoporotic people, i.e. those more likely to require
these interventions and being a significant portion of
patients requiring implant operations for trauma or
fixation of spine mobility.

As it is generally known that the surface



patients requiring inplant operations for trauma or
fixation of spine nobility. As it is generally known
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a basic role in the tissue response to the inplant, a
great nunber of researches has been carried out to

i nprove the osteointegration process by nodi fying the
surface of the inplantable dewd ces. A detailed picture

of these researches is set forth in Il The

bamesthe v @r 0l tihet erd@iceit byePikes phdyN@ndygsic role in
Bi omaterials 1999; 20:2311-2321, or the textbook Bone
EngheneceleBge DBaasmmseubdbi thed imp EMISQUAREReabormmtioer of
2000. From studyi ng these books and eval uating the

deve sesr ot Mg haer Kedeat, chrrisdumier steodnphatvel hthe osteo-
i nprovenent of the surface properties is often pursued

byi iedisa ©f o Undrete sougheninggi i ohgexan®| esuyrd@manst the
of sandbl asting, plasma-spray deposition or treatnents

W i B ks Ld hegdepeskt.i om of géeyer&dof pief@feC of these
materials with high bone affinity, such as the

hysk xyepadd t ei1@r tde sorgathed jhi ogdmss, Bageab$Bmaterial
been studied and applied. In addition to these

mefadssa gkeat p{ Nt @Hesb hamdAr gty N 1 BLERIUELDE1ON 1999;
the surface of the inplant devices "biol ogica

o} £C34 £5_ £APADI 610k HRI PIBLHAGKD NG, O BNk e FPRY, T B8vies,

nost studi ed nol ecul es, there has been
published by EM SQUARED, Toronto, 2000. From studying
these books and evaluating the devices being marketed,
it is understood that the improvement of the surface
properties is often pursued by means of surface
roughening, for example by means of sandblasting,
plasma-spray deposition or treatments with acids. The
deposition of layers of ceramic materials with high bone
affinity, such as the hydroxyapatite or the so-called
bioglass, has also been studied and applied.

In addition to these methods, great interest has
arisen in introducing on the surface of the implant
devices biological molecules capable of promoting bone
growth. Among the most studied molecules, there has been
reported that the collagen, when immobilized to the
surface of an implant titanium screw, can increase the

osteo-integration speed. Particular peptides, i.e. small

molecular fragments composing proteinic molecules, which



reported that the collagen, when imobilized to the
surface of an inplant titaniumscrew, can increase the
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smal I nol ecul ar fragnents conmposing proteinic

nol ecul es, whichare capable of interacting

particularly with bone cells, have al so proved

effective when tested in vivo4 To the purpose, the
above-nentioned article by Puleo and Nancy studies the
Semes atapablec W siniserhdoing apayt hgubartly heith bone cells,
bi ochem cal nodification of inplant surfaces. Though

t hexnhi oghesi pabvandidfifeaidiare ofhdmptestedutihaaeisyrd.s Bo the
sector of great scientific and specul ative interest,

| tfurpcid || Ciethe appbir€ albntishéedl! aas ctendydandld® and Nancy
probl ens. The col | agen, for exanple, has problens of

CPHRMdRAtERd SsvétaDr el Batieesl LeadHyousmaRrife) out the
sources (particularly, bovine collagen) or rejection

dug dch i 0 I d iCRIERAtdDidf tid1IRART | ANSE A0ENg
different species. The above-nenti oned peptides are

rather gosidy ank PALdohahabde fHom & cherdgal oPoi Hhplant
of view, such that resorting to the typical procedures

Ofg IS RECHA 1o T EATDE St g Sé@iél‘l\*:@@ié Oflng | Qpé@_ﬁ%%tive

t reat nent 5f inplant surfaces 1s hardly feasible .

DHAMLILE RS, SpRLACTRAT TogEaR R Sb LAl nas
S%%%{s%%e'ralbtlehaﬁrgSingm eff?eSt icgglg.bgﬁljen}&fal e@c%jnple, has
problems of contamination as it originates from dubious
animal sources (particularly, bovine collagen) or
rejection due to possible incompatibility reactions
among different species. The above-mentioned peptides
are rather costly and poorly stable from a chemical
point of wview, such that resorting to the typical
procedures of the sector, for example the sterilization,
in the treatment of implant surfaces is hardly feasible.

The hyaluronic acid is a glycosaminoglycan diffused
in all tissues of living beings, without any variation
among species. It has very int';eresting biochemical and
hydratation characteristics and for this reason it is
widely studiéd and used in various specialties within
the biomedical field. An exhaustive overview of the

application of the latter is set forth, for example, in

some works containing the proceedings from the main



hydratati on characteristics and for this reason it is
w dely studied and used in various specialties within
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application of the latter is set forth, for exanple,

in some works containing the proceedings fromthe

mai nconf erences on hyal uronic acid: "The Biol ogy of

Hyal uronan® , D . Evered and F§ . \Welan, Eds. WI ey,

Chi chester, 1989, "The Chem stry, Biology and Medica

Appin Bataéroress of oty ahyadnaondad ecddbReri vatthaes"Bidlogge of

Laurent, Ed., Portland Press Ltd, London, 1998,

" Rpgefuromgn 'Hy al ur orevereds . adat angelthehsml, P Edsl. . Wiley,

Weigel, (Eds.), Elsevier, Amsterdam 2000,

" Mgt iy, Uos9F . Kameedhen3str,. Blvldgpsand Medical
Wllianms, V . Hascall, Eds., W.ddhead Publishing

Lixpgetbat2fizs dhe tyaluraie aatd, i3S pepdbeciasrn 1. C
t he honbgeneous phase, plays an active role in the

bane:fitTpt | @4 .pr ocesss1eueh asedescribed, findon, 1998,
exanple, by Bernard et al. in the above-nentioned work

" Ragafd M ioh g 4nonaien G a. Alsd eesd Do aaea Pe. Hl. . weigel,
Wi gel, (Eds.), Elsevier, Amsterdam 2000, p . 215.

Foredd)s, r easaRwibyal Wiitiragl d- based ogel suyahikatkhof, J.
bone norphogenetic proteins or growh factors, have

baen guecessf ubl Yousedihh sbane sStixulpdi Dbl ESty. - Hascall,
Furthernore, it has been denonstrated that hyal uronic
Eds., Woddhead Publishing Limited, 2002.

The hyaluronic acid, as a molecule in the
homogeneous phase, plays an active role in the bone
formation process, such as described, for example, by
Bernard et al. in the above-mentioned work “Redefining
Hyaluronan”, G. Abatangelo and P. H. Weigel, (Eds.),
Elsevier, Amsterdam, 2000, p. 215.

For this reason, hyaluronic acid-based gels imbibed
of bone morphogenetic proteins or growth factors, have
been successfully used in Dbone stimulation tests.
Furthermore, it has been demonstrated that hyaluronic
acid solutions, optionally coupled with the
dexamethasone drug having osteogenic properties, exert
a positive effect on the specialization in bone cells of
marrow stromal cells, such as described by Zou et al.,
Biomaterials, 2004; 5375-5385, 25.

However, the interesting osteogenic potentiality of



acid solutions, optionally coupled with the
dexanet hasone drug havi ng osteogeni c properties, exert
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of marrow stromal cells, such as described by Zou et

al ., Biomaterials, 2004; 5375-5385, 25. However, the

i nteresting osteogenic potentiality ofthe hyal uronic

acid, either as a gel or in s@ ution, or the

hyal uronic acid present in tissues cannot be

i miesli ayelyrosed aoifdheebohert Bss@e galplantati solution, or
devi ces as descri bed above. In fact, the hyaluronic

adiltk | shytyreswiabl acid aguesestsolint i dnisssares | tsatnoe be
of permanence in situ is very short. Chen ca

t eichddliese Tyaviossd non t tige pesmanebseuef inpeahyat ionndevices
acid in the inplant site, such as cross-I|inking,

chaim dad cshd | Gi8dvON D Skt ACEhé PRI LEAL & OAcigals very
alter the structure and nol ecul ar conformati on of the

hyed Junord Ciﬁcéguéaﬁsﬂggﬂhit\iéh)é afnlecttd heime of permanence
receptor-ligand specific interactions, thereby

COIPrONt$i 19 &8y bieast | vendeleyl otécRhi§hes "PAesHL8ng the
In fact, the bioactive properties of the hyal uronic

wﬂé&ﬁ&ﬂéﬁ@éféP”thé3h9§@ﬁﬁbh¥c0fédﬂ&”fﬁ”ﬁﬂ@ WipDant site,
specific receptors | ocated on the cell wall, such as

U oSyl Shglesspuntiobuchphaslan s by race
Of; ninf A bl S RGN 1 €O ORBLAL 5V A, ARG e | r UR61E8ular
conformation of the hyaluronic acid and negatively
affect the receptor-ligand specific interactions,
thereby compromising the biocactive behaviour of the
molecule. In fact, the biocactive properties of the
hyaluronic acid derive from its capacity of interacting
with specific receptors located on the cell wall, such
as CD44 or RHAMM. Such as described by J. Lesley et
al., J Biol Chem. 2000 Sep 1;275(35):26967-75, this type
of interaction is highly co-operative and, in order to
be effective, requires the simultaneous interaction of
many repeats of hyaluronic acid with a single receptor.
The co-operative nature of the interaction implies the
typical mobility of molecules in solution, therefore the
immobilization of hyaluronic acid on material surfaces,

such as described by Morra and Cassinelli, Journal of

Biomaterials Science, Polymer Edition, 1999;10(10):1107-



be effective, requires the sinultaneous interaction of
many repeats of hyaluronic acid with a single
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inmplies the typical nmobility of nolecules in solution
therefore the immobilization of hyaluronic acid on

mat eri al surfaces, such as described by Mrra and
Cassinelli, Journal of Biomaterials Science, Polyner
Edition, 1999;10 (10) :1107-24, leads to surfaces that
dozapt heddsy any celtfackesitdmtdueld o ridte ialdlow i tyiyof cell
establishing specific interactions being sufficiently
stadingsidhe duedusedthdhdsiabi ldatycedfl sestabl babiegulspecific
to surfaces with i mobilized hyaluronic acid is
substenitBiefsi nbeangoususcienentig | stebagur eThe reduced
articles and is used, as set forth by Wtt at al .,

" Hydheg Doan"of Jeells . denmedmolGcul@s R | lsupFad®s. with
A. WIllians, V. Hascall, Eds., Wddhead Publi shing

Li 1vivh&ki 1 2968, hyahumenc, aRid A% d@bEEMEE BaeshoRarious
phenonmena subsequent to surgical operations. The

hygd L& £1@C1 e &PHRREET ZaE1 8T8NaAB! 8k §HBEL M akege@Ndorth
devi ces has been reported by Pitt et al ., in the

argy C'vﬁtt" Agtachirent of,hyaldpapan ;0 nptalgdgnedy, c. o.
surfaces" , issued in fgurnal of Bi omedi cal Materials

?he generaYoE%omﬁédge suc gggﬁhegg?ggégiggg§§3m1LQOddhead

;'C%\gﬁlﬁéﬂiﬁée iR 2 f aggsa W LR bl 1 2ed Byal Wonikggyce
adhesion phenomena subsequent to surgical operations.
The hyaluronic acid immobilization on metal substrates
and devices has been reported by Pitt et al., in the
article: “Attachment of hyaluronan to metallic
surfaces”, issued in Journal of Biomedical Materials
Research, vol. 68, p. 95, 2004. In accordance with the
general knowledge, such as described above, in the cited
article the surfaces with immobilized hyaluronic acid
thereon are designated as being “biopassive” or with
poor cell adhesion. The Authors of the article point out
how the poor bioclogical adhesion imparted by the
immobilized hyaluronic acid layer can be used to prevent
non-specific adhesion; and how, in order to obtain a
specific bio-adhesion effect, it is necessary to bind
adhesion peptides to this non-adhesive matrix.

Essentially, it is generally acknowledged that



thereon are desi gnated as being "bi opassive" or with
poor cell adhesion. The Authors of the article point
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i mmobi | i zed hyaluronic acid | ayer can be used to

prevent non-specific adhesion; and how, in order to

obtain a specific bio-adhesion effect, it is necessary

to bi nd adhesi on peptides to t8his non- adhesive

matri x. Essentially, it is generally acknow edged

t Hatahzatenioni @cdd d legpess immobilized am seloldd surfaces
surfaces have characteristics of resistance to

bilghwogi cahaadlesmstivse chofs amdisttgnd® whtat obhéological
woul d desire to obtain by neans of the bioactive
actdleisdn hywhiclonis aondramyoliol whedt ame ngpdbahd aflesihre to
devi ces, wherein the specific cell adhesion of the

| rghtanin t byt heedigneoti s$ee bhvoadtival ak@ion of hyaluronic
osteo-integration. It is further acknow edged that the

banei meahfbBalieedpr Ot eSapledithtréond déWwetas| ZafHerein the
step being pronoted by calciumions binding to the

sWdeaiE i A seliesedhdetodyoBetRar finsladt tol PhéhBone tissue
above-nentioned work, the hyaluronic acid, in nature,

hass aactdver &f fested Nidddgraiagh . thereby
significantly contributing to the calcification

processry The fyalff @iy ackdxadiiexyedl © ghawps €aB, bone

in fact, chelate or conplex calciumions by exerting a

PORIAMMACIION Poddes requires a mineralization step
being promoted by calcium ions binding to the surface.
As described by Bernard et al. in the above-mentioned
work, the hyaluronic acid, in nature, has an active
effect in this step, thereby significantly contributing
to the calcification process. The hyaluronic acid
carboxylate groups can, in fact, chelate or complex
calcium 1ions by exerting a positive action on the
mineralization process. However, the immobilization of
hyaluronic acid on the surface of implant devices
normally implies binding the hyaluronic acid carboxylic
groups with amminic or hydroxyl functionalities present
on the substrate, with the consequent loss, in the bound
hyaluronic acid, of carboxylic groups being available
for chelation with calcium ions. Accordingly, the

immobilization of the hyaluronic acid on the surface of

these devices by the known methods does not lead to any



m neralization process. However, the inmmobilization of
hyal uroni c acid on the surface of inplant devices
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carboxylic groups with amm nic or hydroxyl

functionalities present on the substrate, with the
consequent loss, in the bound hyal uronic acid, of

car boxylic groups being avail @&le for chelation with

cal ciumions. Accordingly, the inmobilization of the
hydair@rencerac i th drhe hes e { arecgfat hws epdeseses by t he
known net hods does not |ead to anyi nprovenent in the

ost eo- Omt egiat | othgr oclessd, Onthée ptasentandppiheant has
present applicant has surprisingly found that

hysai i ingilior df oundbidhaze dhpal unqgh bt agddevisymolnilized on
accordance to what is set forth in the annexed cl ai ns,
hasngimmict s¥yeers| edin odcébedHsé€oLbt ediaal | D8 peeCeSSrth in
in vivo, wthout any further peptide inmobilization

beily sesekegdclanfist halad hen paepevéi esrebtt Resethe osteo-
devi ces being inplantable by contact to bone tissue

hat tigyrén d 2te o cd S8T0DN | 204, hyat bie@hi snpCidrther peptide
according to the invention are definitely inproved
Pgmﬁchﬂéhtﬁweﬁéiﬁga&é?ﬁl\ﬂ&%%- d®¥$CEhhti AhOf pi-BBerties
i nvention In the broadest ‘enbodi nent thereof, the

Pr&sephobav el d b8l LS Ligd AReRe 1k SSHecbARk@R!l to bone
device (defined as the "Tnplant device" "herein bel ow)

' éfséﬂgiahaving' a layer of immobilized hyaluronic acid
according to the invention are definitely improved

compared to conventional devices.

Description of the invention

In the broadest embodiment thereof, the present
invention relates to a bone tissue implant device
(defined as the “implant device” herein below), of metal
or polymer nature, a layer of hyaluronic acid being
chemically bound on the surface thereof, such as defined
in the annexed claim 1. No limitations have been set to
the shape or nature of the device, with the proviso that
it is destined to applications providing either the
growth of the bone tissue 1in contact thereto or,
generally, the bone tissue growth stimulation.

In a particularly advantageous embodiment of this
invention, the device consists of a dental implant

screw, preferably made of titanium or alloys thereof, or



or polynmer nature, a |layer of hyaluronic acid being
chem cal |y bound on the surface thereof, such as

waoledocissdsé n the annexed claim1 . No |intati oPCT/IB20G/003260
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been set to the shape or nature of the device, with

the proviso that it is destined to applications

providing either the growth of the bone tissue in

contact thereto or, generally, the bone tissue growth
stimulation. In a particularly advantageous enbodi nent

oh tdirew,Nerdfcarablhemadyi o€ canahstim ofr aldentsalthereof,
i npl ant screw, preferably made of titaniumor alloys

t ereelpinarna o3C Iska ] dtfadf eriakitt omderofoft idrmninte®rertebral
all oys thereof, for spinal or skeletal fixation, or o

f dagci, Nteraeet&bIRl e, ol ef Br el iy /ada 1efys | tRBKEBE or
al l oys thereof or cobalt -chromum alloys or netal

abbByg tcemirRmiymuseulvlth dhi el | 621 bYBS, cOménly used
cage, preferably nmade of titaniumor alloys thereof. A

t RiRnl avers ongmbaE@ahg, aGdd, aplrc:%g%r,abﬁwe&ﬁaﬁpy 1Q86R of

run, nore preferably 1 to 1000 nm still nore

peetanhabhy ok a1teyk0@nBFeoiS | nmobilized on the
surface of these alloys . The process of immobilizing

hyal ur gnit@li%Cil%aﬂeHS} ta(Efe i i chan el Qéi?‘?;%&%iéf@%ab‘iyt Res5 to

i nvention provi troduction o

fEB%ioo”z% g %@e%flé%a%ﬁ age 0, f _1t§Jb% deyl ces@Mfh  more
t he conseqlient bond of hyal droni ¢ aci

preferably 1,5 to 100 nm, is immobilized on the surface
of these alloys.

The process of immobilizing hyaluronic acid on an
implant device according to the invention provides the
introduction of amine functional groups on the surface
of the device and the consequent bond of hyaluronic acid
to said amine groups by means of functionalization of
the hyaluronic acid hydroxyl groups. The hyaluronic acid
is in fact a mucopolysaccharide of a molecular weight

comprised between 50.000 and 8.000.000, wherein there

are present repeats of the formula:

OH CHZOH coo

NHCOCH, OH OH

containing easily functionalizable primary alcohol



to said am ne groups by neans of functionalization of
the hyal uronic acid hydroxyl groups . The hyal uronic
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wei ght conpri sed between 50. 000 and 8. 000. 000, wherein
there are present repeats of the formula: containing
easily functionalizable primary al cohol groups .

Accordi ngly, an object of thejpresent invention is an
i npl ant devi ce conprising a substrate coating having
argmeums oups, wherein hyaluronic acid is bound to said
substrate by functionalization of hydroxyl groups of

sai d hysdeseiimgBej dan TBBeubsbfathet Praddritgihtention is
am ne groups can be laid on the surface of the inplant

deai CﬂmﬁD&ﬂt diegite wehpedsingdel edowhid ¢betihrgl Having
The techni que providing the introduction of the

suhstdat rba %bngwﬁ@lﬁgjlf UREI i Oro8PE 98 WRind to said
surface of the inplant device by neans of plasma

‘ﬂﬁﬂﬁﬁﬂﬂéﬁbOﬁnﬂnkﬁﬁékgénSQEEQtﬁbﬂg §ﬂ1ﬁﬁmﬂkﬁﬂﬂ§ b®oups of
particul arly advantageous . Typi cal exanpl es "of

N L i3s Nk Msedid 0 the purpose are allylamne
al kyl am™ne such as hexyl - or heptyl-am ne and,

ponct bl biepteqel oy ML AL, grpyes, oo b
g;ilae.'ttd léﬂyth@ @u%f%!c%s'@f p@ﬁéelmglignel c%epé)csééfc?fhg to
methods widely known in the field. The technique
providing the introduction of the substrate having amine
functional groups on the surface of the implant device
by means of plasma deposition of molecules containing
amine groups is particularly advantageous. Typical
examples of molecules being used to the purpose are
allylamine, alkylamine such as hexyl- or heptyl-amine
and, generally, the organic molecules with amine
functionality having the required characteristics of
volatility in the plasma phase. The plasma deposition of
amine is carried out in the following conditions:
pressure comprised between 80 and 300 mTorr, input power
comprised between 5 and 200 W, deposition time comprised
between 1 ms and 300 s. The plasma deposition can also
take place in conditions of pulsed plasma, with cycles

of active and inactive plasma comprised between 1 and

100 ms, to minimize the molecular fragmentation and



amne is carried out in the follow ng conditions :
pressure conprised between 80 and 300 mflorr, i nput

w@owe03s066pr i sed between 5 and 200 W, deposi t PONIB200¥003260
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conprised between 1 ns and 300 s . The plasma

deposition can al so take place in conditions of pulsed

pl asma, with cycles of active and inactive plasma
conprised between 1 and 100 ns2 to mnimze the

nol ecul ar fragnentati on andrmai ntain the greatest
possirtisimdenise t grobtaat npogsabpe. dEmsittyeadfmeantimé groups.
pl asma deposition of am ne can be preceded by ot her

t rgst mentestimeryl asffe, pl asmexadedesai fowr @xygennd asam  be
to clean the surface and increase the adhesion to the

susddeaied] .byfhethyal ureaktheftsdbgamleenzouribs cekdifple air
am ne | ayer by aqueous or suitable solvent solution

suEh @sygeiebhybmaulphaxidith ofhdl stivEackhenepfindtdhse the
wat er, dinmethyl formam de or m xtures thereof with

Wi BlegiMr dBIHNd Jdddidone or m xtures thereof with
wat er, by the nethods known in the art for the

functi engl irgadieffc YO n BOURSLADN G PaFhé ChhBhd Yiayer
for the substitution of a hydroxyl group with an

agyne- s dyRsuLoney | alyidh SUnsM¥Pent RebuRiowher&idh as

lal" is the residue of hyaluronic acid and Sub is the

lr:r%ﬁirr%gﬂfsdl SUbatrae hﬂ%icegr@_m NeLdH0GE | 0RAlt | egater,
om what has been stated above, it Is
dimethylformamide or mixtures thereof with water, N-
methyl pyrrolidone or mixtures thereof with water, by
the methods known in the art for the functionalization
of hydroxyl groups and particularly for the substitution
of a hydroxyl group with an amine-type bond:
Ial-OH + Sub-NH, -> R-NH-R’
wherein Ial is the residue of hyaluronic acid and
Sub 1is the residue of the substrate having amine
functionalities. From what has been stated above, it is
understood that the process of the invention can provide
the functionalization of all reactive hydroxyl groups of
hyaluronic acid as well as only some of them, according
to the reaction being employed and the reaction
conditions being applied from case to case. However, it
is necessary and sufficient that the functionalization

reaction of the hydroxyl groups of the hyaluronic acid

leads to the formation of a hyaluronic acid layer being
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them according to the reaction being enployed and the
reacti on conditions being applied fromcase to case.
However, it is necessary and sufficient that the
functionalization reaction of 13he hydroxyl groups of

the hyaluronic acid |l eads to the formation of a
hyladbwtidnivei eci ch | aperctieimggbowadresade ,a fir.act | ehal surface
coverage, i.e. the surface portion covered by

hysd ittt Do Ccaeétled gbgahgal henid. &cias gvehuaredhby 0.6, as
means of the X-ray Photoel ectron Spectroscopy, known

byetdRumes®dny MXPS mgarflsSCA.ofThe thest i B9 ra§t ho@hbsoelectron
reported in the article by Marco Morra and O ara

Cassé et ddcop d;ﬁj MirwiDdBl, e t R r¥iiranabysi 6r ofESCA.  The

pol ysacchari de -coated surfaces”, issued on the

3&@é¥¥h§”ﬁhﬁﬁ6&figcﬁeﬁﬁﬁtaél§n”BEéZaB€1c2é by4#af48 Morra
(1998) . The function zation reaction of the

hy gt Oxyl a £ 0tpss Phel De. hyal HE 08I fo@61 de¥it BnthgpaMhAg1ysis
of the substrate can be carried out according to

vaLd ougoﬂﬁegfggﬁalfﬁa\gncto‘atteaoses@f‘fééé‘éj' in EE%U@HL on the

such a 'ow ng (being |1sted by way of non-

gr AR c%/é’ ]? g?f@??%ﬁé)cfacéot)aﬂéﬂzé’{‘s Ofnd i WA 0%l 742746
(1998) .

The functionalization reaction of the hydroxyl
groups of the hyaluronic acid with the amine of the
substrate can be carried out according to wvarious
methods known to those skilled in the art, such as the
following (being 1listed by way of non-exhaustive
examples) :

- activation of the hydroxyl group by formation
of mesylates, tosylates or similar leaving groups, for
example by reaction of the hyaluronic acid with mesyl or
tosyl chloride, and the subsequent reaction of the
activated hydroxyl groups with the amine;

- substitution of the hydroxyl group with a
halo, such as chlorin, bromine or iodine, for example by
reaction of the hyaluronic acid with thyonil chloride or

carbon tetrabromide and triphenylphospine, and a

subsequent reaction of the halogenated hyaluronic acid



of nmesylates, tosylates or simlar |eaving groups, for
exanpl e by reaction of the hyaluronic acid with nesyl
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acti vated hydroxyl groups with the am ne; substitution

of the hydroxyl group with a hal o, such as chlorin,

brom ne or iodine, for exanple by reaction of the

hyal uronic acid with thyonil ¢4l oride or carbon ,
tetrabrom de and tri phenyl phospi ne, and a subsequent

r eacth orhefamire hal ogenat ed hyal uronic acidwth the

am ne; M tsunobu reaction of the hyaluronic acid with

am ne, 4 n thegesdnceredcidi @i hyt aziaeli bpaborxghbat eaahd with
tri phenyl phospine ; - oxydation of primary hydroxyl

gramfase f 0 ial diethy des earthcrubsequERit nadiseidivarboxylate and
am nati on. Anong the nethods cited above, the

Syt isdty P dwsiyngy ovi di ng t he oxydation of hydroxyl
groups of the hyaluronic acid to al dehyde and

subsequent ragudd e anbRat iginefryt henyAusxylor ptbups  to
al dehyde is to be preferred. The oxidation reaction of

t hel iy Y Bl O s ekt Rl dtehvd eagia e ar ri ed

out by using any selective oxidation agent of an
al cohol ang P, t BEChnas heREOMAM MY | QSR ,0r &I UBYAthetic

pot assi um peri odate. Sodi um
pathway providing the oxydation of hydroxyl groups of
the hyaluronic acid to aldehyde and subsequent reductive
amination of the thus-formed aldehyde 1is to Dbe
preferred.

The oxidation reaction of the primary alcohol group
to aldehyde can be carried out by using any selective
oxidation agent of an alcohol group, such as chromium
trioxide or sodium or potassium periodate. Sodium
periodate is the preferred reagent in this reaction.

The thus formed aldehyde groups react with the
amine groups of the alkyl- or allyl-amine by reductive
amination in the presence of a suitable reduction agent,
such as by way of non-limiting example: hydrogen in the
presence of a suitable catalyzer such as Raney nickel or
PtOz; aluminum, aluminum amalgam or Al/HgCl,; boranes
such as decaborane; sodium cyanoborohydride or a

borohydride immobilized on resin for solid phase

synthesis, such as MP-cyanoborohydride, MP-~
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w@e@3806d t he al kyl - or allyl-am ne by reductP@BEIB2004/003260

10

15

20

25

amnation in the presence of a suitable reduction

agent, such as by way of non-limting exanple:

hydrogen in the presence of a suitable catal yzer such

as Raney nickel or PtQ2; alunisium al um num amal gam or

Al /Hgd 2; boranes such as decaborane; sodium

¢ yanichor tahwpdro wehyatr isddoriohy ditied e piresedniclei zedf oa resiihable
for solid phase synthesis, such as M-

cyarwhorgdy dr sdeh Melsr | atet ox glhamphydr ik iisodyjemate, PS-
presence of a suitable scavenger such as for exanple

PSdieduiatde dShenzmdatehyde or MP-TsCH. A preferred
reagent for the reductive am nation is sodium

cyanobqy ohyslf & €eed :Ts@%éﬁactfb@n thendidduits enmiedtion is
for the oxydation of the hydroxyl group to al dehyde

angbdiim thdsBidHxe-1a hati on of the al dehyde are
those normally enployed in this type of reactions,

such asppxerpiéfisd b8néiheisxpetnprBlRl FREt i1k bekpdation
The advantage of functionalizing the hydroxyl groups

S R ot o Py B R " PeBSocive
y
QMR d18d Yoauald abl el e | HEETAELEO sk £l EhPibyed in
this type of reactions, such as exemplified in the
experimental section below.

The advantage of functionalizing the hydroxyl
groups of the hyaluronic acid instead of the carboxyl
groups is that this method allows to leave the carboxyl
groups fully available for interaction with calcium
ions, thereby maximizing the hyaluronic acid activity of
promotion of the bone mineralization.

According to a ©preferred embodiment of the
invention, besides the bound hyaluronic acid layer, the
implant device «can comprise releasable drugs or
biocactive agents that are capable of promoting the
growth of bone tissue. In this embodiment, the device
will be first coated preferably with a polymer or
ceramic layer that is capable of englobing, absorbing or

adsorbing the drug or biocactive ingredient, on which

layer the hyaluronic acid will be then immobilized



ions, thereby maxi m zing the hyaluronic acid activity
of pronotion of the bone mneralization. According to
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bound hyal uronic acid | ayer, the inplant device can
conpri se rel easabl e drugs or bioactive agents that are
capabl e of pronoting the growth of bone tissue. In

this enbodi ment, the device wmél be first coated
preferably with a polymer or ceramc |ayer that is

c apah el nig eng |t ngs clabisprds ndp oor Hoksdrdidange £ he drug

or bioactive ingredient, on which |ayer the hyal uronic
aci d widnore ttiesn idmwnds | i gedastosdtiget optheciples being
t echni ques descri bed above. Anong the drugs or

bip@lidyeed primcifdesrdidy emptioyeehen peesedancenwehbion,
the present invention, particularly favoured are those

Pl i@l 41018 BSvORREd gaewt ftl'ﬁié'd’l’l){hiﬁé@iﬁg Amerg & ham bone
t he dexanet hasone drug, the dexanethasone -phosphate
Olgrasaiat & sRhUbt 8rd Or Anbhgr edlem,t e/ i darame-Raddhd h@rug,
various forns thereof, growh factors, the famly of

Pt ek hBsod L Rh 4 Phogengtd€a Pl Ot 8bNSble form
nol ecul es of the polysaccharide type such as eparine,

clQidd N sHEPRALGARME Nyaliw A 3644085€ forms thereof,
particularly preferred. Besides the absence of

Lgﬁﬁﬁ?%ﬁféﬁié#%gg?h%ﬁ%?%xﬁﬁgﬁf%ﬂ%ﬂé&ﬂsliﬂ@&ntébtbﬁe bone
morphogenetic proteins, molecules of the polysaccharide
type such as eparine, condroitin sulphate and hyaluronic
acid are particularly preferred.

Besides the absence of inherent toxicity, there is
no chemical limit to the nature of the layer englobing
the drug or Dbioactive ingredient, the composition

thereof may be adapted to the characteristics of the

drug or bioactive principle and the desired kinetic

release. Non-exhaustive examples are polymers of
silicone, olefine, acrylic type such as
polymethyldisiloxane, polybutadiene
polymethylmethacrylate, polyethylmethacrylate,
polybutylmethacrylate, poliuretanes, fluorinated

polymers, polyesthers, hydrophilic acrylates such as
poly-hydroxyethylmetacrilate or poly-
hydroxybutylmethacrilate; the optional ceramic layer may

consist of alumine- or silicate- or silico-aluminate-
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rel ease. Non-exhaustive exanples are polynmers of

silicone, olefine, acrylic type such as

pol ynet hyl di si | oxane, pol ybut adi ene

pol ynet hyl met hacryl ate, pol yethyl net hacryl at e,

pol ybutyl net hacryl ate, poliuretanes, fluorinated

pddaset s, impatty eselrand cshydoophhioacatvy | adeesamsiich a&sich  as
pol y- hydr oxyet hyl netacril ate or

patay/dyidimxyhasyhaeehaori hydeoxybpetdpll.orfli<celayge may be
| ayer may consist of alumne- or silicate- or

siditieenl UAl retPhatedr NEdtower a61AS, aeicokiddaet itte what is
ceram cs such as cal ci um phosphates or hydroxyapatite

. ity Sy Nelye bee B4 @k ineepAPasit €61 por ous form
according to what is required by the rel ease kinetic

cont r olThd h@ PGYETET o@f E8FANLE | BYPESs MRaPebe deposited
deposited according to the conventional techniques, by

| IR St Phg SBHAYhRY c R G nEANURIEHIONAle $SPIBY SMRersion,
and ultrasound spraying, by vapour-phase or plasna

depasifi.00. b8chheyCaeavRhte8han GdraXe dun [884d Sl trasound
-gel technique may  as wel |l be used.” The drug or active

;%ﬁ%&%,ﬂ"\% L%%ﬁ%ﬂa%%g}oﬁnﬁiggﬁg' RPIYIREDOT In the
case of ceramic layers, the sol-gel technique may as
well be used.

The drug or active ingredient will be deposited,
englobed, absorbed or adsorbed in the support layer
according to conventional techniques, such as spraying
from common solutions, suspensions, emulsions, or by
common processes of immersion in solution, suspensions,
emulsions.

Within the spirit of the present invention, the
layer englobing the drug or active ingredient will be in
turn modified by depositing a substrate carrying amine
groups and subsequent covalent bond of hyaluronic acid
to said substrate, according to the scheme described
above. For example, after having applied the layer
englobing the drug or active ingredient, there is

carried out a process of plasma deposition of allylamine

or alkylamine, hyaluronic acid in aqueous solution being



according to conventional techniques, such as spraying
from comon sol utions, suspensions, enulsions, or by
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suspensi ons, emulsions . Wthin the spirit of the

present invention, the |ayer englobing the drug or

active ingredient wll be in turn nodified by

depositing a substrate carrying am ne groups and
subsequent coval ent bond of hyaluronic acid to said

S isdrr abeundc conelrango t 0 Thiee crhioma teselidaesk: adode.loss of
For exanple, after having applied the | ayer engl obing

t kirwdy ud.ror tadisi vetiepgr edi ght ,bd héred drsceghr biyedaaut inaitial
process of plasma deposition of allylam ne or

alnedAammate, obpallvseni hrcietglobaggecus e@adssonof drug or
bei ngt hen bound thereto. The optional rel ease and | oss
ofbidyatet dvhe t hhgrefieant Wikl tiee bpbapted by afedamid ahatrix.
nmeasur ed overdose, by engl obi ng an excess of drug or

bi0aG | Vekddes ediyent | Bet h?eaehcwm;gf Ohgcertean Rt réK. the
This excess will be generally up to 30% of the

St GRS £k a BMBRBLN L MO s eﬁ@éaewbmy typ 18% afoy of
the stoichiometrical amount . A s will be understood

f g the expemdmniadl tastsny eported hereln bel ow, it
has been surprisingly found that, contrary to what

woul d have been expected accordlng to the literature
data, the hyal uronic acid

As will be understood from the experimental tests
reported herein below, it has been surprisingly found
that, contrary to what would have been expected
according to the literature data, the hyaluronic acid
immobilized on an implant device implanted in the bone
carries out a marked osteointegrative action. It is
therefore a further object of the present invention to
use the hyaluronic acid for preparing a bone-contact
implant device, wherein said hyaluronic acid is
immobilized on the surface of said implant device, such
as the promoting agent of osteo-integration.

EXPERIMENTAL SECTION

Example 1

Titanium samples with a layer of immobilized
hyaluronic acid
Three 99.7% titanium samples (Sigma-Aldrich), in

the shape of 1 cm-side squares, are subjected to a
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use the hyaluronic acid for preparing a bone -contact

i mpl ant devi ce, wherein said hyaluronic acid is

i mobi li zed on the surface of said inplant device,

such as the pronoting agent ofgoosteo- integration.

EXPERI MENTAL SECTI ON Exanple 1 Titanium sanples with a

| ayievcads | ofivbilbismad deadsirtaiore afi d1Thileaife, 7%y using a
titanium sanples (Sigma-Aldrich) , in the shape of 1
Croambeter SqUEERS 1 carier Subgacted t cE@apr opdssmef pkasgament.
deposition of allylamne, by using a Ganbetti
Kerend toigi il dx€iaet 0t héoldeploasd o esd gt s . i Paldarailed | yut by
the deposition process is carried out by pul sed

plpsged UspIgsrld), NBusyabes1oat m00 odlids pr eSSUr €00  mTorr
| nput power is 50 W, treatnment tinme is 30 s . At the

ek sihe. ttﬁ‘@hﬁeﬁbwekhQSSCHCEVWlSttéa'@méﬁﬂ itAm@ is 30 s.
pre-treated hyaluronic acid solution, at 0.5% water

CQRCefid ah@Nof ThBehYHeuiaRNE , aGhe Is%xraw&f@cmwﬁs@d in a
Llfecore Bi onedi cal , Chaska, M nnesota, USA and is

| dantiddatdy ahalahd ac%%iZl%Blu“E*i%nhyahwoﬁl 6% water

aCi d aqueous solution had been pre-treated for
hQreddtration. The hyaluronic acid is manufactured by

Lifecore Biomedical, Chaska, Minnesota, USA and is
identified by the batch n. B22157. The hyaluronic acid
aqueous solution had been pre-treated for 16 hours in
phosphate buffer with sodium periodate (16 mg/100 cc)
and mixed, upon the reaction, with an equal wvolume of
acetic buffer containing 1 mg/cc sodium
cyanoborohydride. The samples are maintained in the
solution overnight, then washed with water and dried

under a laminar flux hood.

Example 2

Evaluation of the cell non-adesivity of the samples

The three samples from example 1, together with
three similarly sized samples of non-modified titanium
are subjected to cell adhesion tests with cells of the
osteoblastic type (MG-63), being supplied by the Brescia

Institute of Zooprophylaxis. The cells, being cultured
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cyanobor ohydri de . The sanples are maintained in the

sol ution overnight, then washed with water and dried

under a lam nar flux hood. Exanple 2 Evaluation of the

cell non-adesivity of the samgDes The three sanpl es
fromexanple 1 , together with three simlarly sized
saaptesdohgnbn- e fHredl itt itcars lumedrteodubj &ct edeededebn two
adhesion tests with cells of the osteoblastic type

( Mz2ampBes , mbdiifidesuppltitedhpyglthenBrescid laxst | twbe cotrols
Zooprophylaxis . The cells, being culturedaccording to

t heoths Aglt ingnabf nehbndapdaftedeededanhuinwo Adnplkesa 3-day
nodi fied with hyaluronic acid and two controls

comslstitag oftheon- sespieed tddeani delidbtelya vdklyed with
culture, the sanples are delicately washed with

pheispdist £t dUlfieFtert hecadheddte £l | Tedll® repeVeakbndtdd with
tripsine and counted with a henocytoneter . The

f ot + Dyé NG r 8dl ESunt €30RE 8hngdhelbey€dainateenf irhes £ owing
consi derabl e reducti on of the nunber of cells present

onrd £ig1 84r 4 A& obehNgedvdi fi ed by hyaluronic acid, in

accor dapcewth—thet+iteraturedataberng—cited—abovs
No. of cells
Sample (mean and standard
deviation)
Control 3.4 x 10°+ 1.1 x 10°
HA coated 1.1 x 10>+ 0.8 x 10°

The data confirms the considerable reduction of the
number of cells present on the surface being modified by
hyaluronic acid, in accordance with the literature data

being cited above.

Example 3

Titanium screws with immobilized hyaluronic acid
layer

The experiment of example 1 1is repeated on a
titanium implant screw manufactured by Agliati s.r.l.
The screw is tested by X-ray Photoelectron Spectroscopy
(XPS), a surface testing technique capable of providing

the chemical composition of a surface layer of the
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acid |layer The experinent of exanple 1 is repeated on
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s.r.l. The screwis tested by X-ray Photoel ectron
Spectroscopy (XPS) , a surface testing technique

capabl e of providing the chem cal conposition of a

surface | ayer of thematerial Pp to approximately 8 run
depth. The following results are obtained (data is
expressHdl | npatten apPsdximafteel ob8 e nwe dlegitdi .c Tlvere oy lowing
particularly the presence of nitrogen and the C/ O and
Ciesal i osare soloantned etdatva t hs vextpre deer s eacemdE %) :
thin surface | ayer of hyaluronic acid, such as

expected by the typol ogy of binding reaction and in
accordance[with the Jiteraturgq data. Exgnple 4

Confirmati of tche inproved ostjethdt egrali on
characteri g aruate tije cnaractgristics 11
vivo of the ti/basi unh i npkant ajl e devi ceq obf a ned
accordi ng totheTnventTom, Severat—tests-omrTabbits
are carried out. Particularly, screws of 2 nmm di aneter
and 10 mmlength are inplanted in the cortical bone of

the femal observed stoichiometry, particularly the

presence of nitrogen and the C/O and C/N ratios, is
congistent with with the presence of a thin surface
layer of hyaluronic acid, such as expected by the
typology of binding reaction and in accordance with the

literature data.

Example 4

Confirmation in vivo of the improved osteo-
integration characteristics

To evaluate the characteristics in vivo of the
titanium implantable devices obtained according to the
invention, several tests on rabbits are carried out.
Particularly, screws of 2 mm diameter and 10 mm length
are implanted in the cortical bone of the femoral
diaphysis of 10 adult rabbits, for a total of 10 coated
screws and 10 uncoated controls. The animals are
sacrificed after four weeks and the femurs are prepared

for histological examination and mechanical tests.



di aphysis of 10 adult rabbits, for a total of 10
coated screws and 10 uncoated controls. The ani mals
w3064 f i ced after four weeks and the fenurBCHIB2004/003260

prepared for histol ogical exam nation and nechani ca
tests.Particularly, the neasured paraneters are: - the
affinity index, i.e. the ra2d o of bone length directly
opposite the interface, without the intervention of
Hadirigusl a4 lgsudsheanteashe b trdrdmaigts ¢fres: t he
interface, nultiplicated by 100. - the bone grow h,
i .e. theheaiemidge imatex, df.¢ heclwneatio | dEdoanealandth
the total area encl osed between the screw and the
dierdcaxXlgs of oppepiite, sudle as dhserfadejn t hethout the
hi st ol ogi cal exam nation section. 10 Furthernore, by
inranrsreaftisorpuwbi bdibroest timsheneantiheheaxtionah foemgth of
required to extract the screw fromthe bone is

5 uneasuited fddd | ofAdtt ifpdricsted Hie 1foddl owi ng results are
obt ai ned: Paraneter Screw Coated w th Uncoat ed
hyal ur aiiec kasriedd Afdwtihi t Vi iendechd Pedbait e OrHid of the
Standard 5.2 2.9 deviation
bone-filled area and the total area enclosed between the

screw and the vertexes of a spire, such as observed in
the histological examination section.

10 Furthermore, by means of a pull out test machine,
the maximum force required to extract the screw from the
bone is measured (Pull Out force).

The following results are obtained:

Parameter Screw
Coated with
Uncoated hyaluronic acid
Affinity index (%) Mean 55.0 69.7
Standard
4 5.2 2.9
deviation
(Min -Max) (42.7 - 66.9) (62.3 - 80.3)
Bone growth (%) Mean 84.5 91.0
Standard
3.3 0.7

deviation SEM

(Min -Max) (70.1 - 88.8) (89.7 - 93.7)



(Mn -Max) (42.7 - 66.9) (62.3 - 80.3) Bone growth (%
Mean 84.5 91.0 Standard 3.3 0.7 deviation SEM (M n

WO Max)35030. 1 - 88.8) (89.7 - 93.7)Paraneter ScPEWB2004/003260
Coated with Uncoated hyal uronic acid Pull out force
(N) Mean 185.3 232.2 Standard 10.7 18.4 deviation (Mn
-Max) (130.6 - 185.6) (197.3 - 299.5) Both the
hi st onor phonetri c data and thg3 nechani cal tests
clearly indicate that the screws coated with
hyal uronic acid, inplanted in the bone, do not exert

the bi 0-passSi V€ and anti-adhesive eff ect as woul d have
Paramelpeen expected according to the current know edgewon
i mmobi | i zed hyal uronic acid, but they surprisingly

have definitely inproved osteo- integration Coated with
characteristics conpared to the uncoated screws. 10
Uncoated hyaluronic acid
Pull out force (N) Mean
185.3 232.2
Standard
10.7 18.4
deviation
(Min -Max) (130.6 ~ 185.6) (197.3 - 299.5)

Both the histomorphometric data and the mechanical
tests clearly indicate that the screws coated with
hyaluronic acid, implanted in the bone, do not exert the

5 Dbio-passive and anti-adhesive effect as would have been
expected according to the <current knowledge on
immobilized hyaluronic acid, but they surprisingly have
definitely improved osteo-integration characteristics
compared to the uncoated screws.

10

Example 5

Titanium screw with a layer for drug release and
immobilization of hyaluronic acid thereon

Several titanium screws are initially subjected to

15 a process of plasma deposition of propene, by using the
reactor described in the example 1. Subsequently, the

screws are coated with a thin polymer layer and with



Exanple 5 Titaniumscrew with a |layer for drug rel ease
and i mmobi | i zati on of hyal uronic acid thereon Sever al

WO 2a0al0B80806 screws are initially subjected to 15P@r/1B2004/003260
process of plasnma deposition of propene, by using the
reactor described in the exanple 1 . Subsequently, the
screws are coated with a thin polyner |ayer and
wi t hdexanet hasone, using a spray gun (Conrad-Bartoli)
, loaded with the follow ng solution: 0.5%
palegtaniedinetdracy yl aséngndal. EprdgxampimhasdgentbdtRartoli) ,
supplied by Sigma Aldrich) in a 50-50 m xture of
adesaoerl anicthrettyy | £l oodialg .sdhecisatews t hus obt ai ned
are subjected to the process described in the exanpl es

1 and 3 .5% hpoehpupkownetdhagrglhtbarnmdn NSV eREM8tAgsone
the characteristics of releasing a bone growh

Pr@syH ngusts Lje@nByhaMigie apliaed) Ven SHr fsace ocamtetire of
with hyal uronic acid. Exanple 6 Rel ease of

5 dex@ifasone rdapr didsium device with an
i mobi |1 zed | ayer "'of hyaluronic acid A screw obtai ned

such a?rrfiaes%rdx%%% i %_htu@e %%%Rh%cﬁ heedi EQE%’eEEea C€o the
of saline and maintained in an incubator at 37C. At

IihRILdd T 8e RS o UGHONche takehdd and hie WY-ViBereby
absor bance spectrumis neasured at
providing a titanium screw combining the characteristics

of releasing a bone growth promoting drug and having a

10 biocactive surface coated with hyaluronic acid.

Example 6

Release of dexamethasone from a titanium device
with an immobilized layer of hyaluronic acid
15 A screw obtained such as described in the example
5 is dipped in 2 cc of saline and maintained in an
incubator at 37°C. At given times, the solution is taken
off and the UV-Vis absorbance spectrum is measured at
242.4 nm, which is the maximum absorbance wavelength of
20 dexamethasone. The release curve 1is obtained as a
function of the time, as shown in figure 1.

The bone tissue implant device thus obtained is
then capable of coupling the release of a drug affecting
the bone formation process to the biocactivity of the

25 surface coated with hyaluronic acid being described



242.4 nm which is the maxi num absorbance wavel ength
of dexanet hasone. The rel ease curve is obtained as a

wo eovesen6 of the time, as shown in figure 1 . HCEIRR004003260

10

tissue inplant device thus obtained is then capabl e of
coupling the release of a drug affecting the bone
formation process to the bioactivity of the surface

coated with hyal uronic acid bgjng descri bedabove .

Anong the feasible variants that can be provided for

t kbawepl ant device without departing fromthe scope of

the present invention, there are inplant devices nmade

of nat emales ohberfddmibld t aariantal lthys t benedfe oprovided
cobalt -chrom um such as for exanple common stainless
stiest . tH& SmpFant | aeedcby wilktopar depdlr@ing from the scope
osteointegrative effect obtainable with the devices of

t ke RIRS Ghite ddME M Rdh 1l M He AR atdpl il afleVa€€icef made
a netal or polynmer nature, a |layer of hyaluronic acid
beimgmakesriedls Yobaerd €Rah he-iuHi{iage t hanesls taerdse or
i n bone-contact applications, with a stinulating

aAGldpE 1t ¥ drfitingr OWhiBhOfadoRert | SSiifp1L cBithdnPhkeAinless
device according to claim1 , wherein said device is a
desptall i npl apt sScreys a spiGhe®r SR et aknbi Xatpbticular
screw, an intervertebral disc or a

osteointegrative effect obtainable with the devices of

the present invention.



cage. 3 .The inplant device according to claim2 ,
wherein said screws and said cage are nade of titani um

wr00alobsoye t hereof . 4 . The inplant devi ce accPeTIBRGO4/(®3260
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claim2 , wherein said intervertebral disc is nade of
titanium alloys thereof or cobalt -chromumalloys. 5

. The inplant device according to any claiml1 to 4 ,
conprising a coating of a sub3érate having am ne

groups, wherein hyaluronic acid is bound to said
substrate by functionalizati oG¢LAIMSydr oxyl groups of

said hyaluronic acid. 6 . The inplant device according

to cl ailm An, impeeaeaindeaidesulst raatmeettedvi oy poilyeer nature,
groups conprises allylam ne or al kylam ne units,

prefleat oS eheslhetbiiomdbXybeing de@hydabiyn Beurdd. on the
The i nplant device according to claim5 or 6 , wherein

t hndayes ehesabfl, hyadrurese c iacivbrivsccndditckagsdications,
conpri sed between 0.5 and 10000 run. 8 . The inpl ant

deyitae acCdinRd Std e Ala®tivayd onwhehei Ngt-bechayeE bone
of said hyaluronic acid has a thickness conprised
betyeg 1 and 1000 nm 9 . The inplant device

according to claim5 or 6 , wherein the |ayer of said

hyal ur oni gnackflphastagevice according to claim 1, wherein
said device is a dental implant screw, a spinal or
skeletal fixation screw, an intervertebral disc or a
cage.

3. The implant device according to claim 2, wherein
said screws and said cage are made of titanium or alloys
thereof.

4. The implant device according to claim 2, wherein
said intervertebral disc is made of titanium, alloys
thereof or cobalt-chromium alloys.

5. The implant device according to any claim 1 to
4, comprising a coating of a substrate having amine
groups, wherein hyaluronic acid is bound to said
substrate by functionalization of hydroxyl groups of
said hyaluronic acid.

6. The implant device according to claim 5,
wherein said substrate having amine groups comprises
allylamine or alkylamine units, preferably selected from

hexyl-~ or heptyl-ammine.



t hi ckness conpri sed between 1,5 and 100 nm 10. The
i npl ant device according to any claiml1l to 9 , wherein

wo b@oloaspss of said hyal uronic acid has a fractPCIE2004/003260
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coverage greater than 0,6, evaluated by neans of the
X-ray Photoel ectron Spectroscopy technique. 11. The

i npl ant device according to any claim1l to 10, said

devi ce further conprising relXasable drugs or

bi oactive agents that are capable of pronoting bone

t i ssue 7gr o h impd anthedéevptantodevidiegaccor dilagnt 05 or 6,
claim1l, wherein said drugs or bioactive agents are
ewhlegfeiengltded, lapsor befl osaddsotlyedumond cpolaynet dras a
ceramic layer . 13. The inplant device according to

C kdiikha s sMremgini ssdl besinestr atoe somrnwhilcio atheam.

hyal uronic acid is imopbilized is deposited on said

pol ynem .orhé efaplantayd@svi de Waicebreding dtelg Qaim 5 or 6,
bi oactive ingredient iseither engl obed, absorbed or

agdgenieath khe Theyénplant gevicehgatordinig tactldi mas a
12 or 13, wherein said drug or bioactive drug is

sehackeld g HonfiaEt hrseren 1t Redexdmethasone

-phosphate or acetate_soluble forms thereof, the
V'ta”1@ﬁ'ﬁhénihﬁﬂdﬂﬁwé%§ﬁééf%%cb@@ﬂ%¥’t&fQﬂkﬁm 5 or 6,

factors, the famly of proteins known~as the bone
| paERRagenati L PIOf& NSy MLESH! 8y 8 uronic acid has a
thickness comprised between 1,5 and 100 nm.

10. The implant device according to any claim 1 to
9, wherein the layer of said hyaluronic acid has a
fractional coverage greater than 0,6, evaluated by means
of the X-ray Photoelectron Spectroscopy technique.

11. The implant device according to any claim 1 to
10, said device further comprising releasable drugs or
bicactive agents that are capable of promoting bone
tissue growth.

12. The implant device according to claim 11,
wherein said drugs or bioactive agents are either
englobed, absorbed or adsorbed on a polymer or ceramic
layer.

13. The implant device according to claim 12,
wherein said substrate on which the hyaluronic acid is
immobilized is deposited on said polymer or ceramic

layer in which said drug or bioactive ingredient 1is



t he pol ysacchari de type such as eparine, condroitin
sul phate and hyaluronic acid. 15 . The inplant device

w@ewonstong to claim 12 or 13, wherein said pol pOEIB2004/003260
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substrate conprises polynmers of the silicone, olefine

or acrylic type, which are preferably selected from

pol ynet hyl di si | oxane, pol ybut adi ene ,

pol ynmet hyl met hacryl ate , pol y& hyl et hacryl at e,

pol ybutyl net hacryl ate, poliuretanes, fluorinated

p&iyohners emqolokest hexlssothedt aphiddsonimdyacr yl at es
preferably sel ected from pol yhydroxyet hyl netacril ate

or pol yihy.dr othleut hpisracdelate actordifige torpbdaim 12 or
devi ce according to claim12 or 13, wherein said
cangmuhdraier szonprdmes ot [himdaweivesidioftes , s@lected from
silico-al um nate-based inert ceramcs, or bioactive

C dlekigimet H3#dhedS CdleCi dBkpeshhabAG -phobylaaxyapat idestate
. 17. The inplant device according to claim16,wherein
s@iod ugaleaAnt 6rhay efhdredf t BReCcorpagiigs poriows ther warious
18. A process for preparing an inplant device

ageRnd NEhéPedhy Grawbhl tfcddrs saitthePr PEREBY of proteins
conprising the steps of : providing a netal or pol yner

| mRlow £IeVEBE; bone morphogenetic proteins, molecules of

the polysaccharide type such as eparine, condroitin
sulphate and hyaluronic acid.

15. The implant device according to claim 12 or
13, wherein said polymer substrate comprises polymers of

the silicone, olefine or acrylic type, which are

preferably selected from polymethyldisiloxane,
polybutadiene, polymethylmethacrylate,
polyethylmethacrylate, polybutylmethacrylate,
poliuretanes, fluorinated polymers, polyesthers,

hydrophilic polyacrylates preferably selected from poly-
hydroxyethylmetacrilate or poly-
hydroxybutylmethacrilate.

16. The implant device according to claim 12 or
13, wherein said ceramic layer comprises allumina-,
silicate-, or silico-aluminate-based inert ceramics, or
biocactive ceramics such as calcium phosphates or
hydroxyapatite.

17. The implant device according to claim 16,



coating the surface of said inplant device with a
substrate having am ne groups; binding hyaluronic acid

WO 2006108808611 ne gr oups of said substrate by PCT/IB2004/003260

10

15

20

25

functionalization of hydroxyl groups of said

hyal uroni ¢ acid. 19. The process according to claim

18, wherein said step of coating the surface of said

i mpl ant device with a substra2® having anm ne groups

conprises the steps of: selecting an am ne havi ng

chdreactior i s¢ids ceframdkatlidyietry isn phashe- plageict or porous

depositing said amne in plasm-phase on the surface

offaaid i npl ant device such as to create a substrate

| ayer containing functionalizable am ne groups . 20.

The pracess raceacdidss t dotl apreplrinber enn smapllaptasdavice
deposition of amne is carried out in the follow ng
Cruliddding o easyr elampni sed 1mt veeini §radsls 308omprising
mrorr, input power conprised between 5 and 200 W
dgﬁp&ﬁk; df me conprised between 1 ns and 300 s

21 The process according to claim20, wherein said

pl asna .depogy J:td\ﬁrdi:l.@fg AR d1S FAPII§he@Utinidlant device;
condi tions of pulsed plasma, with cycles of active and

inactive pl 2R GRPELsedsRetNEeN Jr and 100 ifBlant device

with a substrate having amine groups;

binding hyaluronic acid to the amine groups of

said substrate by functionalization of hydroxyl groups
of said hyaluronic acid.

19. The process according to claim 18, wherein
said step of coating the surface of said implant device
with a substrate having amine groups comprises the steps
of:

- selecting an amine having characteristics of

volatility in plasma-phase;

depositing said amine in plasma-phase on the
surface of said implant device such as to create a
substrate layer containing functionalizable amine
groups.

20. The process according to claim 19, wherein
said plasma deposition of amine is carried out in the
following conditions: pressure comprised between 80 and

300 mTorr, input power comprised between 5 and 200 W,



22. The process according to any claim19 to 21,
wherein said treatnent of plasma deposition of am ne

WO goopioasoecled by treatment with air or oxygen pPEEMmR0042003260

10

15

20

25

cl ean the surface and increase adhesion to the

substrate. 23. The process according to any claim19

to 22, wherein said amne is selected fromallylam ne,
hexyl am ne and heptylamne . 2@. The process according

to any claim 18 to 23, wherein said step of binding
hyddnosirt icoradi dne ocdniger beed cogvorgs bimsand sADGts at e

by functionalization of hydroxyl groups of said

hyal ur @ti ¢ atied poopeissesatherdiengs wf: deliect 2¥el ywherein
oxi di zi ng al cohol groups of the hyaluronic acid to

algeiy delgrsmips depdiitdicly @ daalidehyde grawpiedf out in

"hyaluronic acid to said am ne groups of the substrate

byoreilitcidne afni pallised. K2asmEle ywitlteaychesorod ngcttve and
claim 24, wherein said step of selective oxidation of

hyidtmeyilved rgiusnd acrhstehyete WS IS aalriced mef in
the presence of sodi unperiodate. 26. The process

accor diga, t o hroddsHr addorvhggeitd iy eeaghi a® oo 21,

reductive amnation is carried out in the presence of

SQEHHBIGY a9’ PR¥HEMESL - of plasma deposition of amine is
preceded by treatment with air or oxygen plasma to clean
the surface and increase adhesion to the substrate.

23. The process according to any claim 19 to 22,
wherein said amine is selected from allylamine,
hexylamine and heptylamine.

24. The process according to any claim 18 to 23,
wherein said step of binding hyaluronic acid to the
amine groups of said substrate by functionalization of
hydroxyl groups of said hyaluronic acid comprises the
steps of:

- selectively oxidizing alcohol groups of the
hyaluronic acid to aldehyde groups;

- binding said aldehyde groups of hyaluronic
acid to said amine groups of the substrate by reductive
amination.

25. The process according to claim 24, wherein
said step of selective oxidation of hydroxyl groups to

aldehyde groups is carried out in the presence of sodium



27. The process according to any claim?24 to 26,
wherein said hyaluronic acid is bound by an aqueous
W@ od0a38986 or sui tabl e sol vent sol uti on such asPCT/IB2004/003260
di met hyl sul phoxi de or m xtures thereof wth water,
di met hyl formam de or m xtures thereof with water, N -
nmet hyl pyrrolidone or m xtures thereof with water. 28.
The process according to any 8laim18 to 27,
conprising the steps of: providing a netal or polymer
i npeahedalesi ce; coating the surface of said inplant
device with a polyner or ceramc |ayer; engl obing,
absor bi 2. orTteds grisiaep s n sgaiakqicigymgo orcledmani2é or 25,
| ayer a rel easable drug or bioactive ingredient that
I swioanpsxioh es@idpreaoting lkdnerddesieregramdriation is carried
depositing a substrate having am ne groups on said
padyirein othe gppegend@yef sadinih chySebisotshgdptde .
bi aocti ve conpound i s engl obed, absorbed or adsorbed,;

5 bi ndi nehyaltHeonpeoassd wecbhaiag o gaypslaimsad to 26,
substrate by functionalization of hydroxyl groups of

Sajltedyat uenicc BghluZBnithea@i®cass BeGAAIBE te a?ueous
claim 28, wherein said step of coating the surface o

sashutid@ant slevi GRiMddled PYHMRRNLOr @eNakien ayeuchs as
carried out by
dimethylsulphoxide or mixtures thereof with water,
dimethylformamide or mixtures thereof with water, N-
10 methyl pyrrolidone or mixtures thereof with water.

28. The process according to any claim 18 to 27,
comprising the steps of:

- providing a metal or polymer implant device;

- coating the surface of said implant device
15 with a polymer or ceramic layer;

- englobing, absorbing or adsorbing in said
polymer or ceramic layer a releasable drug or bioactive
ingredient that 1is capable of promoting bone tissue
growth;

20 - depositing a substrate having amine groups on
said polymer or ceramic layer in which said drug or
biaoctive compound is englobed, absorbed or adsorbed;

- binding hyaluronic acid to the amine groups of
said substrate by functionalization of hydroxyl groups

25 of said hyaluronic acid.



i mrer si on, spraying both by conventional spray gun and
ul trasound spraying, vapour-phase or plasma

walepesstoson, or, in the case of ceram c | ayer SPCT/IB2004/003260
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according to the solgel technique . 30. The process
according to claim28 or 29, wherein said drug or

bi oactive principle is engl obed, absorbed or adsorbed

in said polynmer or ceramc |a3&r by spraying from

conmon sol utions, suspensions, enul sions, or by neans

of | M&%i ofher opresessi nacocomdingoltsn i sdgim 28, wherein
suspensi ons, enulsions. 31. The process according to
ammpic @teP8of oc8atingekben ssaifdcst @f cfaighgimplant, device
absorbi ng or adsorbing a drug or bioactive ingredient

i wisd d apoppirgmesr oer acercahhyerlayemwaris edagutieidn bhe by
presence of an excess of drug or bioactive ingredient
UfAniner30%rst e wired rboah Byoudhyveptebanablspray tqun and
10% st oi chi onetrical anobunt. 32. The inplant device
acAYrHIAD SyaEliwdg M dapout/phapeh oas gikisianadepobytion,
means of the process being described in any claim 18

t 31l.im I he WaisOfohydd kit Clagd €k f Qicdbepaid Ngo athe sol-

i npl ant devi ce, said hyaluronic acid being inmobilized

t@@ﬂe@@cﬂﬁlqyénnne the osteo- integration of

sal di npl ant device in contact with bone tissue. 34.

The usg@cCcandi NGriRetlsai Beddrawher €tB Saidim 28 or 29,
wherein said drug or biocactive principle 1is englobed,
absorbed or adsorbed in said polymer or ceramic layer by
spraying from common solutions, suspensions, emulsions,
or by means of immersion processes in common solutions,
suspensions, emulsions.

31. The process according to any claim 28 to 30,
wherein said step of englobing, absorbing or adsorbing a
drug or biocactive ingredient in said polymer or ceramic
layer 1is carried out in the presence of an excess of
drug or biocactive ingredient up to 30% stoichiometrical
amount, preferably up to 10% stoichiometrical amount.

32. The implant device according to any claim 1 to
17, such as obtainable by means of the process being
described in any claim 18 to 31.

33. Use of hyaluronic acid for preparing an

implant device, said hyaluronic acid being immobilized

thereon, to promote the osteo-integration of said



device is as described in any claiml1 to 17

WO 2006/038056 PCT/IB2004/003260
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implant device in contact with bone tissue.
34. The use according to claim 33, wherein said

device is as described in any claim 1 to 17.



