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Bl OM METI C MATERI ALS COMPRI SI NG POLYHEDRAL OLI GOVERI C
S| LSESQUI OXANES CROSS- REFERENCE TO RELATED

WOBRRIIGATd ONS This application clains the beneP€T/Usf006/015634
U. S. Provisi onal pI ication Serial No. 60/673, 880

filed on Apgiy @g\yﬁiﬁ@g NVENTI ON
Bi omat er i aIs as such yhedr a g@%ﬁg?ﬁgb

Si | sesq WOXMIEEDREGBSLIMBRI&&H}%S@J 1OXANES
Silicates (POS), may be fabricated by the

i ncorporation of POSS nol ecules into material for the
pur pose (ROBSREFERENCE IREIA TEDOORPPOIVATIONMS
favors cellul ar nodul ation, bioavailability, and

diTihise epplidation ofainBO8s Senediiop! BI- SuRrensiaral’ AapkcasnSerial No.

0|n|t| ordinate to netal and ceramc
60/67?1%‘%&@%%@” ces&toﬁgough hydrogen bondi ng and further
react via the elimnation of either hydrogen gas or

water to for a
silicon- oxyge %ﬂ@ﬂﬁ wgﬁ@ﬁgmmface 'S
NFNOSGRALIE 2 sich Polyhe@f OTBYmBAC Bﬁbés@ﬁ%ﬁaﬂe@ (POSQ?J @fd @olyhedral
uni f orm nono | ayer or a porous self assenbled ne
Oligoprenivi Silicegesa PR ome pt datrmpist dyythe smomaratidnyof PEES anﬂolecules into
rities and control.l.able through sel ection
meterab s e, GHIPORE o i S RENG SRRt Ut 'GP IaE upich favers cellule

moduia@ﬂa |]5{9 allliﬂ)lﬁw ¥nd hgtenthepe specific, chemcally
ora e narndstructures such as PCSS nol ecul es are

d @QSSahlaeob]somlaByiatsdmwd beat ®es tr fndicalyctvardicdte té srefat end ceramic
nosca and vi de surface that is . . .
implag, ﬁﬁ!’}g%‘i% O odpEes pBIET 254 TR SreHodSs e Cpinggon of eithe
hydrog RObi $hRE H)efgl'ﬁ'lt q Mleﬁﬁ@(?}ﬁl'afﬁ?dﬁ'i? A %ﬂ@%ok%—metal bond The
aln types of POSS nariostractures cause the
resultmgodul faes mtrianoscapidaldly fifirgraed misgthegnilatd bDlDIBdBttET oneif@el mono layer

(BSC) and the depositjon of . apatite.
or 2 BPT9NF fSEH SN blg dlea"/(flke}?rgﬁlld?l Pdﬁ‘nB?COB@CtO,BPB\%P’q@éF%ﬁHy free of

impurifd! %fﬁt LoliBRE tn%?h @@fé JTBF H&ﬁﬁos‘?ﬁorﬁq{’ §?(IH’%J aflﬁlosﬁ’ﬁéﬂue size

are bioactive, ere ore I'so bloconp I'e and
and tapesogybabl e. POSS bi omaterials may al so incorporate

am.no acid sequences, peptides, phosphates atite
cAbBBMaNEY, SaG SeRCaS, ChRN D atBEaB o ARG Siisas POSS

mole&MEMhEal&iralk as they coordinate surface characteristics at the nanoscale, and

provide a surface that is compatible with all sterilization methods. In vitro
immunohistochemistry experiments have shown that certain types of POSS nanostructures
cause the proliferation and differentiation of bone stroma cell (BSC) and the deposition of
apatite. This proliferation and differentiation of BSC provides an indication that POSS
nanostructures of appropriate form are bioactive, and therefore also biocompatible and
resorbable. POSS biomaterials may also incorporate amino acid sequences, peptides,
phosphates, apatites, carbonates, silicates, and related bioactive elements, chemicals, or
reagents in combination with POSS cages functionalized with R = R' hydrocarbon and R =
R? biologically active groups on the [(RSiO 5)7(HOSIO 5)1]58, [(RSi01.5)6(R(HO)SiO1)2]ss,
[(RS10.5)2(R(HO)SiI0))4]5s. [(RSIO) 5)4(R(HO)SiO1)3]s7 and larger sized cages and cage
fragments of formula types such as [(RSiO;5)2(R(HO)SiO)slys, (RSi(HO)O)a),
(RSi(OH),),0.
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reagents in conbination with POSS cages functionalized
wth R = Rl hydrocarbon and R = R2 biologically active
wa@e@apsedon the [(RSIO.5)7(HOSI G .5)i]8, PCT/US2006/015634
[(RSIO.5)6(R(HO Si G)2]8, [(RSi a. 5)2(R(Hé|))8| Q) 4] 6d
R(HO SiQ ) 3]7 and larger sized cages an
Fleldéﬁﬁh?‘%eg)tnéﬁts of formula types such as

[ (Rfs §desem} B{vtD) 1Bl ds) to bl inatbifedh (HdOhfd) dhhbled by the manipulation and

20. Field of the Invention The preséent

2
deve],olqm@ﬁt?_%) OSsy Qs ang E@Mﬁﬂa@@np@msmm raadslyemaitlibld dng low-cost

s\ 8 0, SR 0K PROER 8 £ER2E 8 200 bt e s

limitesd | iteon Rb(lmil@dsqmmgarfe@edﬁt&%ﬂgg, Exﬁél’ﬁbl%ﬁtl@f Fd]ﬁ%%rélov\bhgomenc
cost feedstocks include but are not |limted :
Sﬂsef’r%lll%?@}l?ss esdBOsRanes[(RREPG)u]55] 2sfimbidersliegt i ¢ homolept1c POSS

R e s R ——

heterglepied eFOF S pE(R&(E’QﬁﬁR[KIB%)QR}@Sl(Dﬁ B'p@; OpoBhBlral oligomeric silicates

functionalized heterol eptic

(XS R0 ang)RRTS Eramnemsy K cz)u o) P, polj ygggrs a:c ot <
O%&%&%‘eldctgsﬁ% Ip?%%itsi&&%%ﬁ)lgaa lg}%))e%gnﬁfﬁelg @npaﬁeﬁglgﬁgr bsnlnéended 1o

interacbimdtiebesldo@bal $yStethsMHiSMmbRlialfidhe iiftekRtisRdaE Hest deﬁned by the
interact with biolo i cal systens. Biomaterial-tissu

following efes@si ohicampatis défqllmﬁf, b“)blqahtavé’ | Fioevinimgettody rf%esorbable”

s AL WL g BB SEL s hEAHASakin s an sppropsia

b1olo$ibaﬂ(1@§m§¢ i bigaicusar thaslogiRhll édv¥roRfneft. 'T@i'iseﬁéfﬁhtl&ﬁ) implies that any
extract an appropriate brological response in

materfh Ftl‘"llc@él & ob P dge dwily el netnie iert Tid svitl ahtenadt ivoith tissues in a
e body

R AL TS P2 B B 5 e
materfdy fBdri tlall@epeall &R dnNGvPRER S 1S tﬁ@&cﬁﬁ &t tioAl ﬂl)tsjﬁ?face structure, (iii)

tissues around it. The biol ogi cal response
topolagyt &) driokogy cfi thie cladst ys1td,emgh(ﬂe)wtheophfsnc\oma‘chﬂhmlﬁenﬁan)is on the
pe conposition, (ii) surface structure, (iii)
materltaopol ogy, (iv) bi ol ogy of the host site, and (v) the

pByshaefBahan GabrabigdBNge Rivhhedrat \%{ erariety of agplicagions and
Bi omaterial -ti ssue interactions are evant' to W de

treatmggsi Eltayh’f@maléqo phd rae pf)hwnmtmhaisrlmtfmect on Tradetiald whigh lcym support
or rep v?ﬁg H‘? glgﬁalg dgslﬂx‘gr otr g%&ﬁQB|ug§§h{)}%§1fc%ﬁgﬁ%§aﬂgt§§%g ?Qipular biology
(arten@lxﬁgﬂﬁls)‘? anB RAtLPedEs 1ﬁit§r‘f§?§/ﬁﬁplbl’if9)11‘?a@ér§a)~’too\fﬁl%%Hhﬁr) Currently

bi ol ogy
biomaterials-tissue interactions have been involved in an area called tissue engineering or

bioengineering. Roughly defined, tissue engineering is the manipulation of developmental or
wound healing processes to repair or replace lost tissue. In this area, biomaterials have been
used as permanent or resorbable scaffolds (for cells or other critical molecules), drug-delivery
devices, and barrier materials. For example, cartilage cells may be seeded onto a resorbable
scaffold, implanted, and allowed to support cartilage development. In many cases,
biocompatibility is critical to the success of these treatment strategies. Recently biomaterials
have also been used in more non-traditional applications such as Imaging, cosmetics, and

nutritional supplements. Esthetic applications include maxillofacial prostheses to restore
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(arterial stents), and dentistry (filling
material s/inplants/ material -tooth bonding). Currently
whe@eal@and al s-ti ssue interacti ons have been i nROT/USIN06/M 5634
an area called tissue engineering or bioengineering.
. Roughl ef i ne ' ' rd.nd 4 tore tooth estheti
il S o P SRS GRPLRSETE Al ptor oot et

after tPARSESSRAtal Qisegpai r or replace lost tissue. In this
area, biomaterials have been used as pernmanent

. ¢ or
r dbopsiaisiued chipmaierals( prsr bew| Fxeraplifindh by those jRagpd on low-cost

| les) .. dr.ug-del [ AR . e
rosfReL b SMBGHRLRAE IR, SREroitibrbtl e Sicges wos
and PBRhEdAl DBigembAb Metslkaédgal standsip POSSe POIndd FAMBesgstems contain

_support cartilage devel opment. |In many cases, . .
hybrichi (beonprgenisiiperegniF)s cepippisans tip Phiehs ik dwdloyr Mif@ak cage like
__treatnment strategies. 1y biar ' a
sSSPl SRS e TR R R B3 208 8800 or e

nanostiB@IE, covBRdRYy u3h rabdvdaid hérireddive suppicfmotienalities (R), which
Esthetic applications include maxillofacial prostheses

ensure gompstibitisr aed drilesdntivues ther paosEutyiecwith tpErpREnand dyiological

coons P55 R AL TORAOLY  GuBE B ARG QPSR AGHISRe isouscd

detailRh QB P4t WloS. B4 B2, 085 indeW ST Wat. INE© &,484, 33108 €Lilaeethnan al., both are
| ow- cost Pol yhedral digoneric Silsesqui oxanes (PGCSS)

expresgiylirPofpphaert bereigitiygefeence inSibeir catissy. (POS and
Z%ﬁ%?gwgpgﬁ@%g %%;11%[5' 2 ﬁt%l%hr%iso CPSgg'iu{hgf( g Sf?)x‘m F::%atiglgsmterfaces

betwdh IR Rh-F1adB O aBiofogi P EPAShE. OTise nBedMY edpetiatly houiteoWr prosthetic
internal cage |like framework is primarily conprised of

implantsoThani.. wiatkiet 6r-totel gedh pitiatipintTeplagspasyt jippn gFertgiawing market

... nhano ure i.s cavered bot h reactive e

with AR ShOBE) et SEIE Ty PrbCO%e K QAL pilipg jpgusty. An

impo@ PR Bl cafforeat bptabinhdrkst i0fthé Rige BABARLAE LoihPounds, and
wi th man- made and bi ol ogi cal tissues. These and ot her

surfaqer tpatmeniss Matetidle snalr e motaln aesanics candr peleRBniavg| Been used for
decoh o SSHBEE e B ity e MR B A v i
succeot h are expressly incorporated herein by reference in

their entirety. Significant opportunity exists for

t &xfHreyl iogppriehat is denfuhdamemainfast thbi deiineectier betwser welehsurfaces

n-mgde and bi ol ogj.cal sys . eed i

ot oSG0 L1, S1% SR FOB RESd oy e st of
implafRaKShtehial id o @lre@NnPRY kit tHeOhdY SR, 3MANMOS thi§ fRition of the

ever-grow ng nmarket with over 500,000 procedures being
materjed elays redtiezlobleyie &mgiternafi$@idei doidiboeeoinpatibility . An

Iu g@grg% Sﬁ%bg@gﬁt% g\\fl;\go %ﬁﬁ%gg qgﬁtam%fatﬂgiﬁlzg tﬂeBrSLlfr%atlcel SF }nQpelants with
biological systems. These efforts have included numerous compounding, grafting, and
coating methods employing polymeric, single - multiple layer and ceramic coatings (see U.S.
Patent Nos. 6,444,318 and 6,069,295). The promise of polyhedral oligomeric silsesquioxane
for biocompatible materials lies in their rigid shape, tailorable R group, highly dispersive
nature, and hybrid inorganic-organic three-dimensional structure which provides a specific

surface area and topology. The also havethe ability to provide stereospecific delivery of

reactive groups such as silanol (Si-OH) groups to promote attachment. The ability of
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surface treatnents. Materials such as netals,
ceram cs, and polyners have been used for decades in
wa@rooefii@ns to reduce foreign body reacti on andPCTUFBa&®15634

[ ntegrati on vvith limted success. O key i nportance i's

t% f‘l ndanental fact thgt t he int erg%gtl ?n bet we tals. ol
polynigift GHEGIRT H s AG R PERA §RYC e SvPiogs (mytals, glass,
etc.) tb @Mrtaﬁa@tto h@nﬂl&bglcﬁl' su@étgteg‘ haJSR8 sRbwn UK. tPQf%nfSNBf 93838,544.

an inplanted material 1s in direct contact with the
hMQred)\r@,stlE mastdpltohusng Iplrcg)eptgrdf | wmosifudtired rnhbmmaéd (POSS, POS,
a.cri lcal role nIon m fi xation and

Pomf) BSIRER biiiy o g B ROl Tibi LoVt Becandghisss. This
contrd] QAR@h! a*?folldlszﬁletalﬁﬁlt)s s Etﬁﬁ@la%fblbﬁ@ c@f‘fe%paﬂsgz Rt RnR)sOi€ Blmensions,

systens. These efforts have inc nunmer ous
such mﬂpwﬁcﬂtmg angrbimmmm oﬁndhdznrabondglgrmumwgommuohlalsgapatlte the
major&}g%/ gﬁr Isco(ngz)lélg% of 1_3?_%& g‘q,]tn?sl\b%ena 215 Lﬁar’]tgq%%é%glny of current implant
formu@at@ﬁg a%%%eatfﬁ%@ (@ﬁ&ma§ eat%{mﬁo't?@ﬁ%%as@d |98 rérﬁi inorganic bio-

si | sesqui oxane f bi oconpati bl e materials es I n

ceramidse) to mlgncd tlech ahﬁlcdchmhmakahh@:haugalomparfabe,ghﬂcy nanometer geometry

di spersive nature,. and hybrid iporgani.c nic ,
Toundy iy BODGH SRS, BT WGP R JoBUBedta cEg5dc propggation to

Fea 5@

T e B AP oo P8, Rl pY dhroling
implastuminfaes ash | aad mbuglﬁlesﬂvbth girecoprpsent unw@nnmqtcesmmta@’amts promoted

andt pRoggs B e SR, L BB o F g PSS Blonghaed damage to
surrougﬁeie Ig)‘clstst‘?esSé‘r{&lslts 'ilﬁ%@t%tl\tré)fo? anli e c%géggésg}xgﬁlkiﬁlg%aﬁgs

shown 1 n U Pat ent No. ver, the
nmBethdipg aifi @1 ngh@raeper inplaft tngnemposedt buned(iehesseommtteration) is a

criticai g%;sagieggﬁq ftg%c’t]v?%{gl@éggsv I&fﬂg]fq,gte Ieygc”ﬁgg)lz lobtéwﬁggggjrgt%ﬂo gsa llllegessary to
stabiligéa ﬂ‘{e ngst ek W Bnpdd ﬁréfjﬁl ngﬁ?o llléetd}’ Qnitldiy cgﬁ Be rs1up61l)orted and,

response at nsi ons,
conseqd'aaﬁtly,nﬂtel pd:tleﬂh camn dea‘doa Mt inel) mﬁv@ eﬂfd: U|Ia<|§od$1ﬂﬁt(él MG@ﬂtﬂagratlon of
response such atite, the mgjor inorganic

prosthessmcan froateddnruriace Dropertise il 4Dl Aoh RO GeHaler pillsgion, (ii)
do notogulpgb'ft rn@{i‘/tbdn%@\i)ﬁl ]:)9 h?&te 199&1&1%9\1 dﬁ‘r%ﬁéﬂtl@é;ﬁlag 3y %Qt fitch those

nium i uny ba al 1l oy

of surbiundaigabaestijsut.0 Nﬁmaﬂcﬁ be n{ﬁdhﬁh@eﬂqhﬁlbﬂrﬁéd beti@eh aRi ig@lant and
i nterface, and nanoneter geonetry found in bone
surroupding| hanei ¢any hrad fip cStesht aath &trawa%&ﬁlwés @@nﬁcﬁaﬁge igpignt loosening,

failure fnsu‘%(‘%eﬂﬁ&ﬁ) ?[@fchf)ﬂ%ﬂog?ﬂ uxt aposed bone (i .

I cl ent “osseol ntegration and substrat e failure).
Bynfethaely, i agrénipmartiak Ubfragleti@iscaitifinetl rRUYbAESSrowhtdes (e.g.

t he present i nvention, osseointegration is pronoted
commercially pure titanium, Ti-6Al-4V, and Co-Cr-Mo alloys) do noP simultaneously satisfy
the surface and mechanical requirements necessary for increased implant efficacy. This is not
surprising since, historically, these materials were developed for applications other than to
serve as implants (such as for building constructs, aeronautical engineering, erc.). Such
materials were chosen as long as they were tolerated by the human body and met certain
physiological force requirements. Failure of these metals and metal alloys are often due to
poor surface properties that result in insufficient bonding with juxtaposed bone. Ceramics

have also been proposed to serve as orthopedic implant materials. However, ceramics,

although possessing exceptional cytocompatibility properties with bone cells, have
4
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and provides nmechanical stability to the inplant in
situ, mnimzes notion-induced damage to surroundi ng
wo e@suesp4 and is inperative for the clinical sPCTES®0€O015634
bone inplants. Bonding of an orthopaedic inplant to
j uxt.aposed bone, 0Ssseoi nt egr tlon} is.a critica

experighrsd S Er1S8t 5 Slpélatcoa@oaﬁ% KEWDASHAF ARPIaBfs fligey &g poor mechanical
. t
propeit SR1cR RI6R kBl SoNBFRES Unke! AplAR 1 3Padillf sonditions. When
loaded; poolit tnedasicahprdpert®sl pﬁoer’amobs auﬁtdn lexdris emamknnﬂtmuom bed propagation
patient can lead a n active life_ Inconplete
event R BTGERGRaRIBI I Vb pheas e EX o cpyised as a coating,
ceramﬁ:g rcff%ﬁedl&roz:\% § g'g&mteh@éfor(e oﬁilgtl&mo RER DR V\%jrﬁlvltﬂ" Iaﬁrf thus, often
ston, (il 0 not support new one gro

leave @ibiabg nizeal ellog ahaadiad abhiph oyae rihdudBcitdtato APpovtossgdintéeration in the
t hose of surroundi ng bone tissue. M smatch of

first plg&hani cal properties between an inplant and
S t s, an I : :
TS PNEG, MOROEAL bAhfeS | ABTCeE) Eydbkibthiie ad, caloium

phospkate ateuqlitesbrittiecald iherfa)i\h&b of Ukhtio beateeh Yone ufid @ prosthesis may
material formulations utjlized as bone prostheses

oceur. (fhegided] dhigkpess £p1 thepr peatings asmnpﬁszleﬁteéVAgo -4 migregs (plasma spray

deposﬁgn NV bl o e&@m@%te gélt%ﬂ {304 ﬁ'essI Hav%aaléosﬂg t&]e%eloped using
a nmec P %n

surface an ani cal Tequi renments necessar
organitd)C celaimety andl pitispeitéd, ca;cmch Thi lsndvar not tisu ra@ff i#3i B@rface-induced
since, historically, these materials were devel oped

minergligatigh ghesn £pasimgs @ﬁYFe'rl reneaiRd tyckussy & B arAp @fnt-40 (eriehlthough
nese 3552 QUDACLLDN SRR WElBes REIRALHFL SREMCE WiZpirom o

nanonieCHraﬁﬁgeedhdw afehgevRitirelesshadyeaintt metintedudial thilure and remain very
. . physiological force requirenents. Failure of these
brittleeypss g nhé@%%ﬂSahlarV@;/fseeara@h@wcbﬁp gebeiothsadiysisel aelaesses of

these Blrooc%?eﬁﬁ E)Hgst "Irh%eeu ldgs@{l f% 'ﬁﬁgg il &é 8 0 91% {j!)opagedm J&F high stress

xtap OS ave a een

1mp1arﬁ§ aNe® aﬁSWOtIhE apectiamic PAtRIRL ot th@ﬂ fh cdiﬂﬁp\l\%yﬂén rather than shear
ceram cs, al though possessing excepti onal
force. Syelomgiepialsi iswavey sipeld herderien Pape # Biwacieb fikire points. Either new

matengla\fﬁr%lxﬁﬁ{ n%n%%gc]hl Is{n%ul%ngo%%gf E)O%egsg sfi fccg)eq[}?onu?ﬁce aélr lr%echamcal

opae anlca prop

properfisdl 6ﬂ111@&1 |tébl\tnfcfua§ btd Rqliedighnaasy) toLhﬁidﬁtﬂlyQBMﬁ i20H 9@Ai6@In adequate
| oadi ng conditions. Wen | oaded, poor mnechani cal

bondingragpd supsateindeargpndisg bomeethrqueb@luttadw@mtckhfenu tiation
aﬂﬁl‘th% ogl%gaéve%ﬂ C %ggrtnfs a[)?t%t CUNERE 35 Itlté%tl?e}gt%galg ang techniques have

rennv ven

been rgieéd hlﬁtgaleC@Irﬂa'ﬂitlijbeﬁfgt Qndied. s dWtaE cotlcefls AGE1IMAS BRI SdiRire between
pronotion of new bone growth and, thus, often | eave a

substraie giad ﬁ@ttl@& khding terégoseriing Oﬁ\memnmgentrwdﬂrﬂtnmate railyre of fixation.

This sﬁ’l%%%? a%ng allureeoqrv%a{ronQay leo 1&d to particulate debris which induce an
immune inflammatory response cascading to osteolysis.

The need for a coating to mimic the physicochemical, mechanical interface, and
nanometer geometry found in bone not subject to particulate debris is realized in the present
invention. This novel combination of properties is achieved through the binding of three
dimensional structurally rigid, 1.5 nm POSS nanostructured chemicals to the surface of
prosthetics. Such control is desirable in that it affords rational control over surface design and

function. Furthermore, it enhances surface tailorability toward improved biological fixation,
5
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first place. As previously nmentioned bio-ceranm cs such
as, hydroxyl apatite and cal ci um phosphate are quite
whreiobtilap4 and the failure of fixation between bonesSana015634
the prosthesis nay occur The ideal thickness for
mat e 70 .m Grons | as .
and (L0 S BRBUAE ol SRR PR delinperdbuPusb@hochBp@apitaation of
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cal cium and phosphates, which is known to the art as
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implaB€3diuC medaiZing $ndtidntin@udh @E&Qgé ® éﬁ%ﬁﬁﬁhg ‘%15551@5‘ gﬁldt@ E¥Mperative
are neverthel ess susceptible to interfacial fail

for tharfdmrcahaumesm@/bmm zmplalts Nalghe iimotporeticesf gresnatmu@nts into the

! ra eve ? ?T%q%i cal weaknesses of

oW eé%% ARSI e 1851@ W@? desi gn features have
begplei NG NAE &t RMah Qf |Eb9<|5‘wsli@§§ %age@'gjeﬁmé t&Rdy adnlngl\i\élons and
the bio-ceram c coafing to be | oaded in conpressio

tissuersgruptoral features hﬂm suﬁeocvﬁi%OS Sisahughdy equlmlﬂltftmﬂm/c&reraihcﬂmiedsmns of

terfacial fail
ciemef Rt AP rEP eftis o Fom&” dirersoep P TUStS Pyn sLegbisly mimic
blolo%‘ié{flftbﬁélgﬁ 288th&aesy %ﬁgoﬁ%héa éﬂ%ﬁ‘l inRigPRBht # ﬁy %or %éﬁg%%lon and

echni qués are reqU|red in er toinitia
structyrgi nt ai n adequat e bondi ng an1d substrate and

S ndi bone t atient's life
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terial h i b

R T T S P -5 R

fail ure bettesgmstsiebst rat e and coapom@uml eadi ng to
| ooseni ng—of—the conponent and W timte failurel of

fixation.Livhi €elubst rat e coati ng 4089808@nor weaf may
also le art matcucwnaWimne
i nf arrrra;j%?(gB{f’Sg&? §e cascadi ng|t'8Y38t eol ysis. [The
need forl @168l HlcdO M M c The[phygi,cochem cal
mechani G interface, and nanongter geonetry folind i n

bone not| Blabd €apillary Ppaet i cul ate deldms is realized in

the presg . f
propertile¥dopd CsbVeNed t hr ough ﬁﬁé Bhndi ng of three

di mensi T gt TS T PESS
nanostruq%ﬁdrrgpérgﬁeﬁég tthteg t he §d’rn? ace of

pr ost hetlcg&acy@mlgx}qqx@ggal I's desijrsghhe Tn that jit
affords irational control over rface design and

This invention describes the use of POSS nanostructured hybrid "organic-inorganic”
chemicals as biomaterials. Prior art with nanostructured polyhedral oligomeric
silsesquioxanes (POSS and POS and POMS), has reported their utility as corrosion resistant
materials (U.S. Patent No. 5,858,544) utility for the control of grain structure and aging
characteristics of metallic solder alloys, and use of POSS in personal care and medical
material applications (U.S. Publication No. 2004/0120915; U.S. Patent Nos. 6,586,548 and
0,653,365). This prior art makes no mention of their application and utility as biomaterials or
as interfacial biomimetic constructs to improve cell modulation or physical properties.

Nanostructured chemicals and in particular POSS cages are the preferred species for

modification of implants (Figure 1). Furthermore, the dispersion of the POSS molecules and
6
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function. Furthernore, it enhances surface
tailorability toward inproved biol ogical fixation,and

WO edoedlddbi ty, through the presence of well defP@EUS2006/015634
nanot opol ogy. Conpat abilization of nmacroscopic

their R %%gthbeihfc with’ Erﬁ@?ﬁt ﬂ#atér Fs ?%ﬁ%ﬁﬁcﬁn%ed’sgﬁe @ Nfermodynamically

of "a ures
govel’ﬁécg 3% 'tl’ié‘ frE0ERA5) 6F MRS 6QRL6N (AGESAHST AR | TiabhAuSofithe R group
| ows for an increased surface area. An appropriate
and abﬂtt}a of 8lod edactivel gioiphehithe BOSVicass tartrenani wigraeit wish pplyners and
to the tion

BRSNS E e —
for PSS § hithfAkydHHEE SheR  thP Qe iSR! BNhSnos@Bict AR the corresponding

i'ncor poration of the nanoagents into the know

distributemasfaiigombrshoh®. and ti ssue structures (Table 1).
Table 1 lists the size range of holl ow POSS cages
relative to cell dinmensions and tissue structural
features. The sSSUMMARVEY THE INYENTIEONI val ent to
the overal]l dinensions of dianeters for several
bi learresenbingention o deena h’&ﬁﬁ‘é@é@b PRMPRESIE$ Og@ﬁ@l%gﬁcmred chemical

I 0
prefehhE bl Gt O RR8s dTs AP RbeCR (B R s thereof with

other&ﬁﬂoﬁhfcﬁﬁé&l lcBemital| @adopaRediat blVﬁlannZtESofJﬁatE%E‘m b‘le]oglcal origin.
types, and tissue structural features This inventio
Nanoeltélmedb;@gmtqa@ 48 @r%fﬁrr@tﬁs qﬁa%btqm?é%reﬁl% s Hipwrare highly dispersible,

el I [
have aﬁ’yts Wiaklﬁal anos?? ied, ﬁﬁegmrg ﬁrf%seagiegmas'ﬁ%éea V%lmﬁé 9Jpology and
selecﬁ¢1tﬁﬁ§ﬁ@h@%1@@$lu(d?€ﬁﬁuﬂiﬂ1@n B@pﬁfp@rti%ﬁ]vs) has r eport ed

their utility as corrosion resistant materials (U S

Pah esimphio exsnBlg ob4uchye | bipmpterigh 15 hilieckaelion off agPQSH silanol

(SO SPGB 2500) e Bl A iy

prombRt BE ik difd Bhd CallilfNmolilafon RablHgCat bR fblﬂnatlon A second simple
2004/0120915; U . S. Patent Nos. 6,586,548 and

examele(assthsega)ctlorrmfsthprfp@mular[(R mgmdi@moﬂm 6vharady'r= isoOctyl)
catl on an mat e
with sﬁi{g 1P Itoa|p1 ﬁﬁarlrlé(im% and ¢ ?Pu{: {10 u'la%ioﬁplr%%c\l}gg to f‘ormatmn of soft
tissudrodul at| on or physical properties. Nanostructured
chem cals and in particular POSS cages are the
preferred species for nodification of inplants (Figure
1). Further gpigr bRSCHRIPRON OF WHEIRAWINGSD! ecul es
andtheir conpatibility with inplant materials and
sHBounsliong 4 iceswperiia ohbelhwdandmitwaturallygugier RedS byenostructured
Hﬁf free energy of m xing equation (DG = DHTDS). The
chemieaisyr e of the R group and ability of the reactive
gr@gp% Alhstrhies 1@ .| GRS stfe 1€ﬁ%rcaﬁeﬂtr¢ﬁﬁ@ﬁ{aci@)t;ﬁowded through
polymers and surfaces greatly contributes to a
POSS-avfaca pheli @eatibalopnanosBific tiet mmevhidopic fuefaesst r opi ¢ t erm

( %?2}8 3A, 3B and 3C illustrate surface area and topological control at the nanoscopic
level from nanostructured chemicals as monolayer coatings.
FIG. 4 shows volume contribution relative to weight percentage loading from adding a
1 nm nanostructured chemical.
FIG. 5 illustrates surface area contribution relative to weight percentage loading from

adding a 1 nm nanostructured chemical.
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for POSS is highly favorabl e when the cage size is
nmonoscopi ¢ and the correspondi ng di stribution of

wobkiganans is 1.0. SUMVARY OF THE | NVENTI ON TheCPUSR®E6115634
i nvention provides a biomaterial conprising of a

t che cal f erahl
@%ﬁ X e Rl el O H R Bz o orm
b ot her nanost ract ured chem cal s, nanoparticles or
one WaYI Pials of natural or biol ogical origin.

NFn@s$ fuGtaes iehsmedhStRhenRIG LTI ednfred with®oas stroma cells.
biomaterials as they are highly dispersible, have

sﬁ@@nﬁAu il 95 ilbwsitreteothi darmodtiom i sopr tigqwefteaatedawith nanostructured
h {face vol unme, topol ogy and selectivity in pronoting
¢ em]@% ®lul ar nodul ation and properties. A sinple exanple

offigychi @A RORMBEGFi@! edatndlfle dreaehdPicRie® dMeScals suitable for
silanol [ (RLSi )4(R1 i O8] 7 (where RL = Ph) to

incorpayationainta bigmiatemaisnpl ant and consequently pronote the
bi ndi ng and cel |l ul ar nodul ation | eading to bone
formation. A second sinple exanple is the reaction of
the formul a [ ( RLSIHETANEDRIERGRIPTIGN7 (where Rl =
isoCctyl) with soft tissue to pronote binding and
cellular nodul ation leading to formation of soft

Defintiticys O FoBRinEFRER%6E thfio A INF RN s tildbWeNGS FI G 1 shows

a conTEarl son of hollow and structurally rigid POSS
nRbF BHTPEE ehamiEsisting (s snvanfigst reheBycal compositions, the

follo t Ft BefLrﬁg%S aRE A el BN &?ﬂi%mr@ reg R)ngagf @olﬁfegya'l d@ﬂgomerm

oug -Surrace no catl nanoscopl c an

Silsesqaikasc@DIS)sud PapasdraFOE e, SlﬁBata r(lEOSﬁhaﬂolsmdmm.e
surface area and topol ogical control at the nanoscopic
| EobisilsesaRonEIfe AP dealeay raneseed By die AyHBIlayBP1O; 5], where oo

repr e%fa L] nl%b énglIg%oJ R )Plﬁ%’gsﬁ ﬁol ung gglgaﬁoheggrgs %ﬂ éﬁeg!analg s\Lllgstltuent (H,

siloxy}) Q;S}@l% bAGhEediphReToE at: omalﬁc%ro&pé tHab! Syt RISt cHAl ) @Rtain reactive

area contribution relative to wei ght percentage
functibpalties gutl emakedbiolpgesters, ammes retones atleffnsg ethers or halides or which
trate the use

may EOST Hiafbied) FotPienyrosiReBiciaiss H8¢ 6% sithsr omoleptic or

heteroleptic. Homoleptic systems contain only one type of R group while heteroleptic
systems contain more than one type of R group.
POSS and POS nanostructure compositions are represented by the formula:

[(RSiOj 5),)54 for homoleptic compositions

[(RSiO] s)n(R'SiO; s)m]sy for heteroleptic compositions (where R # R')

[(RSiOg 5)n(RXSi01 g)mlyy for functionalized heteroleptic compositions (where R
groups can be equivalent or in equivalent)

[(RSi01.5)n(RSi01.0)m(M)j]s# for heterofunctionalized heteroleptic compositions

In all of the above R is the same as defined above and X includes but is not limited to
OH, C], Br, I, alkoxide (OR), formate (OCH), acetate (OCOR), acid (OCOH), ester (OCOR),
peroxide (OOR), amine (NR»), isocyanate (NCO), sugars, peptides, and biological groups.
The symbol M refers to metallic elements within the composition that include high and low Z

metals including s and p block metals, d and f block transition, lanthanide, and actinide
8
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bone in vitro. FIG 8 illustrates the

i mmunohi st ochem stry of Ti cultured with bone stroma
w@edoba164b4 GS. 9A and 9B il lustrate the fornatiPOT/082006/015634

scar tissue treated with nanostructured chem cal s.

metl, {armeEHP S EBHR AP B o POt obi Mi 05, I, Ta, Cd, Ca,
Ag, VFAQm I?Aﬁsr i, ST PEQ\PE%CE{I\E:E%Q\E%I' il gﬂbgs m and n refer to

resentafi on nostructures For

the stitliip@ees ofthdodefsitindi Tig dyiite] Dhindivhicsnhas thd ecmlp@dltmn forms a
conpositions, the followi ng definitions are made for

nanosfettiigl 2dr B rsaEwAL Aipiststoothe pympre af silicen ietpRrepomiained within the
nanoséh%ttcﬁ%s ql"‘ﬂe?\é%)efog E%S %1 qle%?tln}/&%%[l-ﬂl \'d ljeglolgﬁ éscc 1ca11£/ from 1 to

cat'e nanos tures sesquil xa es
24 and"Bi @hb& t§piceldy asant tdeZOYIt theuld Be ﬁuiea thfRS#Qs. o} tob@Edhfused as a

represents nol ar degree of polynerization and R =
multipliep fess deferniamgostgighiomestyb es iit meraly debcribies dixg 0Overgld |nagostructural
c_or .aromatic groups that may

Characg?ﬂ?t]f ﬁi%f’|s¥st§’82tk&°ﬁg? %%@t ive functionalities such as

alrg® bfésént B0 teaRRRs@SimpF6v @NBStho@ o€ ik gnin8 LT 1208 topology
hal i des or which may contain fluorinated groups).

of blom@tByIQISI\eeﬁwmsméh@&ovwa@d geuctirelerighdd?a$ S paicstrogtured chemicals as
heterol e tic syste contain only one type
1anosept 1@?’3%5 agﬁﬂrﬂgg’ Eill(ﬁls}é ‘fecm@g?r%rrs contain nore
t RafeyoBgute/Prene hrddedliRitiol? %eaﬁg o?% ﬂB?é%Qﬁﬁl'éHﬁBﬁHl ®igid POSS
conpositions are represented by the fornula: Si Q

cage s{rgytugesfio mdmﬁprcél@rat@ommdptﬁ’menbatg)r{ ¢fR@tegplastic and ﬁbroblast1c cells

to the F§u§ g lggnaﬂ)agisl( het 5 13!' %e@g(?gfﬁ 0%% t8i:1 %{ﬁl}r(é\éhsﬁggcralt?e surface
providd€h R he RS bl%n’i‘c@é"m&ittcbl@tﬂ% 4aMBELE t&lﬁrﬁgmes%adhdbﬁologlcal fixation

equi valent or in equivalent) [(RSIGO ".5)n(RSi0
of the PHSH( sujchjre frgo th@awscﬁ boret Aonagd cdgheizes alildeﬁmmula are applicable

.cgncfo gonsln of the above Ris the sanme as
and. i RS SORRE ARSI FE ST Rt EONGR Yt S8 Rotieppeh tera
peptldg : érRGb I@%@h ﬁ%loﬁrpfomﬁﬁﬁce(l%@)gro@ﬁletaﬁ& R groups such as

acid ester
glycoc1des and sugars (e.g. triterpene glycocides such as 27-deoxyactein) that are known to

promote enzyme activity, and groups such as anti-inflammatory agents (e.g. heparin) and
antibacterials (e.g. Ag+ cations, linezolid). The composition is not limited to these specific
examples but can also contain additional biological factors. Biological factors include, for
example, ascorbic acid-2-phosphate, dexamethasone, beta-glycerophosphate and TGF
superfamily proteins, such as the bone morphogenic proteins (BMPs). The composition can
also contain antibiotic, antimycotic, antiinflammatory, immunosuppressive and other types of
therapeutic agents. There is tremendous value in the incorporation of POSS cages bearing
mixtures of R groups present on the surface of an implant as it can serve to reduce infection
and increase the rate of healing. The useful range of POSS silanol is from 0.01% to 99% on
the surface of the implant with a preferred useful range of 0.1% to 10%.

The incorporation of POSS provides control over surface area, surface roughness,

surface topology, and surface energy.
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peroxi de (OOR), am ne isocyanate (NCO), sugars,
pepti des, and biol ogi cal groups. The synbol Mrefers
wo eooaai@bd i ¢ el enents within the conposition tPer/US2006/015634
i nclude high and low Z netals including s and p bl ock
metals, d and f bl ock transition, |anthanide, and
Genergd Progegeariables ApplicableTo Al Pro¢aseesnet als Al B, Ga,

. . i .Y .
Vs Bl oo faproddes e o o gt e O el b veed
to conti®ethd purikhesetactibioy,srat® addnechagiser off myt precas oilcdniabhewetinfjuencing

of the conposition. The synbol indicates that the
the progers ogFiuderhe oviFes aBd Mahviiteréyured LeaPOREoByMhEle panostructured
chemi§eﬁI &3S g iE‘cHQéPo%{rw%{hoﬁ%,'dnﬁ%e %g%!&&lﬁf’ Bf ?%&‘?a‘i 1B Ants and
e AARCSEruct Ur &, e val’ue for I's “usual Ty the sum

cosolvehtsmAiditidiatle, Rinedaged thyphaBhbyid hesamd dfocotdroliig the adhesion
ranges typically from1l to 12. It should be noted that .
mechapisny rats; arg Pipdueiodisiiibeidomarealipukngw feols phthe trade that can impact

produ%?te% L B Y% %‘eﬁ Le?g?&%%%ras it merely describes the

era nah sPruc acteristics of the system
(aka cage size). The present invention teaches an
i oved net hod of designing the surface topol ogy of
EX”“BE@Gaterials via the use of hollow and structurally
rigid POSS nanostructured chem cals as nanoscopic

Dbi | al j om [ f di f . Ak
Contifg G TRSIQ o TR Fhvent on 15 the use of the
di ' | . rigid S . i nd
R TR £ LB RS o e Er s et Lo BP b G sraved
oo i BEOBI L} SR SThOUTSHELRER ey RN By g e
surface provides a neans to pronote sel ect cellular

hesiqn t.o the prosthesis and bi ol ogical fixation of
Cell A?ﬁ‘@“@&éng’@gﬁct ure into juxtaposed bone. A range of
CRgSrhdea 3dihIEOT WA a5k el | CARIBe 2B HAE Ulge PESRsed to

cages contai ning one or nore R groups such as nono
osteobidstsoagh fietobksigeptliwed ifeDylbeREs HWREREd whighh maedum (DMEM),

known 1o, | _growt h, R.gr.oups. sych |
supplefgtigor s ihdeeh oarsd et EBRY arpela iRt udSoneh @),
under &8ndafd dE@XYRGE &bRditibha{stedi S R rﬁa?L%tQﬁleﬁrQ{ &7 602488 humidified

activity, and groups such as anti-inflamatory agents
envirofument: 5he@@s/Oh% andTenttddamiwidnalverd sipgliedyy Hy&ldnens,
The c not limted to

| Lnezolid). 0Sit]j [ t hes

SHEGR ESBRsDRe. eith Hhraesloers peeatY TR (10.000 cell
om?) it 'tl%gé;&%nfeﬁ&g_‘ﬁEa?ﬁun?'g%s%%e? %ﬁfv@é}& %géwladi‘ ¢d Y@iSore P Standard cell

exanpl e, ascorbi c aci d-2-phosphat e, dexanet hasone,
culturdoeinditiing der 4phosphafie thaprefcibedupee paimd, yulptrates iwess rinsed three
. h he. b F ph [ tei BWVP Th
times @sg?ﬁ)@%sépflqg%bggﬁ%d rsrglgr{:c)e (%%%9 I’cocreglro%e?fogidﬁerentsc?ells. Tﬁe adhered cells
were fixed with formaldehyde (Fisher), stained with Hoechst 33 258 dye (Sigma), and
counted using fluorescence microscopy (365 nm excitation and 400 nm emission
wavelengths). The findings in Table 2 indicate a clear differentiation in binding a cellular
modulation relative to the type of R group present on the cage. Specifically, osteoblast

exhibited a preference for [(phenylSiOj, 5)4(phenyl(OH)SiO1,0)3]y7 while fibroplasts
preferred [(isoOctylSi01.5)4(is00ctyl(OH)Si01,0)3]57.

10
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al so contain antibiotic, antimcotic,
antiinflammat ory, i nmunosuppressive and other types of

WO b@capam i ¢ agents. There is trenendous val ueP€TUB1066/015634
i ncorporation of POSS cages bearing m xtur es of R

roups. pr.e n t he surface of an ant as it can
ggf‘b@ ; ?lﬁﬁ ?%?%@F?%deﬁ&e?ﬂ@sé%gg 2he r at eI of

g%b g. The usef ul range or P05 S(_bgté(gﬂﬂlstl 5_ fnyﬂ)blaSt

I% to 99% on the surface of the Wit
preferred useful range of 0.1%ta ﬁ%% Ceif Count

6 Q1 @it Akl R o8folPOCSS provi des con{]r 600/auer sﬂ;ﬁ‘(@ﬁmz

fa¥al ‘. al ooy r‘llrfﬁr\L

U ISR
arievgly IGBWERA Process Vari abl es QQf%{BTQe Té 2R0{cmm
Pirbeed 8131 . Ay (enyY@HIHO 1)t Jx7 chem cal procegses, there
are a number of variables that can be-ysed-to con”o?'
treughititanjumsel ectivity, rate and TRt smem G@awm
pasxesglSiVas) 4tsb@styl(PH)S€Hch)ntr7t he process ilncl ude the

ze and polydispersity, and conposition of the
n%”ﬂé%@ﬁﬁfeﬂtr &k C Hﬁﬂhq %hca%e BRI AlLABI 86k difRtcat HiRBs.
use of al yst or cocatal ysts, solvents
and cosol vents. Addi t| onal ly, kinetic and
e means of controlling the adhesion
Exam&;e %”B@%%@rs‘;st e, and product distribution are also
known tools of the trade that can inpact product
pEiduos Gralheserateq ubd hieyofe{tﬁldleaylﬁiﬁ)ms)zﬁpheﬁyﬁﬁﬁ)ﬁi(ll 0)ahate n‘ig’m bone
of [(RSIOL 5)4(R(HOSIiA 0)3]7: [(RSIG. 5)4(R (OH)SiO
in V1t110 e 2B POSE-bogy samsiesld smoliv lmtgthnwcheamplﬁml:@tlhafne) iatpgrat calvaria as
s vong A BBt e R B S S BEL 5 oun o
indi S trof REIHERbGle, SRER Gl bl §0% surf ace
mdls@é@igjrugge r8 POSa wer e eexpose%ﬁ(teo olst eobl asts and
fibroblasts cultured in Dul becco's nodified eagle

suppl enented with 10% fetal bovi ne
Examﬁérjé m(h&ggﬁ@gnd 1% penicillin/streptonycin (P/'S),
updedd spendes diff@bhtigioht fisre Boamplei hns seseenllie vivo FibroPOSS
chanber maintained at 37 C and a humdifie o{
examigaouson st : B COUPINE o5 HisPPCtINO 1560 Ao ([P b1 wesler  and
supplied by Hyd one. For thjs purpose, oste {*F
[(50OhASIG b glisadt & WEBHE BEAFaAIs Y SScato e Toad0R Qtieh e endermal

cm) onto the experinental titaniumsubstrate, and
skinl¥¢f-e al | owed to adhere in standard cel |

The top two two cuts were treated with 100%

[(is0OctylSiO1.5)4(is00ctyl(OH)Si01.0)3]57 (SO1455) and [(isoOctylSiO1.5)g]ss

(MS0805).
The middle two cuts had 50/50 SO1450 + bactin antibiotic and 50/50 MSO0805 +

bactin antibiotic.

The bottom left cuts had 100% bactin antibiotic and the bottom right cut had no
treatment.

All of the cuts healed at the same rate.

The two cuts treated with [(isoOctylSiO1.5)4(isoOctyl(OH)SiO1,0)3]s7 (SO1455)
and [(isoOctylSiO1.5)g]ys (MS0805) did not show any bleeding after the POSS was added

nor was visible clotting observed. The bottom two cuts did show bleeding and clotting was
11
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culture conditions for 48 hours. After the prescribed

time period, substrates were rinsed three tines using
w@b@spibabve- buf fered saline (PBS) to renbve nonPeEmns10061015634

cells. The adhered cells were fixed with fornal dehyde

evidegigyrieabl rgiAgh ol e DEHEg O GO ORI sB1dss) and
GsoCkRHg I LHRIRES o A R Sy SR iy 5 plgpeing the 4

8 nm id)'%r%ng qoga\gee& tgjg eelj#l tglﬁlquo gg gjye gerig[)\gf 6%;1 i}{etfl occluggdt yl%%rophobic
constﬁc‘%{oﬁ%@ﬂﬁa&ﬁ?&% bid &ﬂls&ftﬁﬁﬁftg Be 6f Blegding w1thout clotting.
(phenyl Si 4( pheny Q,0)3] 7 while

f iAbr ofpthastits tpqaeddewrﬂe (ﬂhe[ ogs (ﬁgmg,ngpr@nted scar tissue. The formation of

onentgg %agt%(ﬁ)gbt a%‘&%.}% Seegﬂ?ce%ij éﬁg@:ﬁ@s? bond CEL%I)%({ ri,entatlofl these cells.

See Fi¥af.run in tri pllcate and repeated three dlfferent
tinmes. Exanple 2. OsteoPOSS Figure 6 illustrates the
use of [(phenyl Si G .5)4(phenyl (OH)SIiQ .0)3]7to form

Exan@g{‘g ﬁppx}@gﬁtbggoﬁh%haﬁ%%ne%ss,ﬁaml es 5 mmin |ength

n vivo into rat calvaria as a bone
def dight &f ttee abnervad ntdilutanedifierentiningl amdamiocdnlagion epwawmoted by

nanosiTF R ST, S B BT B OS A Mg aligd 19 Sonventional
persoﬁ:dl QEI%P%%OSI%%ﬁg ?I’CHRI% t"ﬁﬁ difif ghenbidl &éi’ncfnrsﬁgﬂeﬁﬁéﬁﬁlh%l to add

Series o n vivo Fi roPOSS exam natil ons was made

nanosl;lﬂttn@d[cﬂdleﬁﬁ@li 1 SichiproJubls woompkd BidpBmeric a;tt&]lty?mamdh products
i soCctyl Si human arm_a seri es . of

w1thoemﬂ§erwémé Rader kg @FPCPuﬁTef BHHER MR R Eodng" method of

apphc‘{afl 2008 stu %Lgfg})@?f oQulis & ﬁ’tF ?Hdd_bwgl@hgtg&)%%lo%v Sst&c}l%rg)examples are
showxahtFlglﬁnesa)@&tl)OlIGl Q.5 8 ]s (MS0805). The mi ddI e two

R R e e
inspe(?t?cg (ﬁsﬁéﬁi Euli]d BO Wi il Ge @G el G Blet PG br G PBRE Bfnpound.
The products in which the POSS compounds could be dispersed without being felt are listed
under the POSS compounds studied.

S01450
Suave Shampoo, Right Guard Deodorant, Isoplus Styling Gel, Softsoap Bodywash,

Clean & Clear Facewash, Nair Hair Remover, Nicel Face Cream, LA Colors Makeup, Hard
as Nails Nail Polish, Smackers Lip Gloss.

S01458

Dial Antibacterial Hand Soap, Suave Shampoo, Aveeno Lotion, Aquaphor

Moisturizer, Right Guard Deodorant, Isoplus Styling Gel, Softsoap Bodywash, Clean & Clear
Facewash, Nair Hair Remover, Nicel Face Cream, LA Colors Makeup, Hard as Nails Nail

Polish (remained clear), Smackers Lip Gloss.
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Al'l of the cuts healed at the sane rate. The two cuts
treated with [(isoCctylSIG.5) 4
W@ e@eud4yd (OH) Si G . 0) 3] 7 (SOL455) and PCT/US2006/015634
[(isoCctyl SiA.5)g] 8 (Ms0805) did not show any
bl eedi ng after the POSS was added nor was visible
MS08£0 01 t j ng observed. The bottomtwo cuts did show
birgadi b R0 af ERLET 0 “@%‘?&li}ﬁ%ﬁts@s& SGAR SRIMARS, Ay i
The [ (i soOct?F%% DY A1 SO0ty (O S O . 0) 3]1%;6 » fiveeno Lotion,
Aquaifle@1 ¥hdtudned, [Riglsto Qbtayd SDEdobdng] S8ftédBOdRMlywaste Clean & Clear

attrjhuted to havi op bl eedi,n uggi ng the _
Facew/i-sﬁasl\fﬁuaﬁeag&%%%?w o CREN R&fﬁ@u@ %Hiﬁgl}%lls W@h r ymackers Lip
Gloss€el I's which in turn caused a hydrophobic constriction
of the capillary and consequent stoppage of bl eeding
W thout clotting. Al of the cuts treated with the
oL11565S fornmed oriented scar tissue. The formation of
iented scar tissue is evidence of enhanced
f Dhalohhidtsictdpiahdiang Svag, OrorgeMaatliSvap) Bese SkedrhSoo, Ie&eno Lotion,
Figure. 9. Exanple 4. Application to personal care and
Aquaphg poistwizepi Righghtuard Dsedersiler veaftsear | Bedypvash, Clean & Clear
I RNCTe 1@t nd nodul ati on pronoted by
Fmﬁ“%gagglfﬁ%%ﬁ?g S'enicals, a series of POSS, POS and
POMS were added to conventional personal care and
OL11 snetic products. This work was done to denonstrate
—-——2§e ability to add iianostructured chenmicals to such

PROEHI Fhge PR, DR (Eo18isONRRE| EHabf bt Wally Nl PYEh (remained clear)
products without altertering their desirable product
Smackesalipreloss (remaihad clgri)ng net hods, or met hod of
application. A sumary of the products and finding is
listed below. Structure exanples are shown in Figures

MS0826A- 1OK. Each sanpl e prepared consisted of
appr.oxi mat el.y. 5% of | POSS b i,ght apd was i nspected .
o PR oAne PRt ang o oY BERh AqiReSr i GO0, Aveeno Lotion
ISP j frt . r in 1C

Ao SRRSO 0 OB QOmBRLRg ST, UGB UL R e

Facewhdl, tNar &alri R¢redvarntare] faee 085, dotnimlord Malteud) Hdrd as Nails Nail
. .S0L450 Syave Shanpoq, Right Guard Deqdorant, |soplus
Polishdfemaipgyl ¢ear). Sayek éjrﬁi’ g&w&ﬁgﬁ}neéc&é -& O ear
Facewash, Nair Hair Renover, N cel Face Cream LA
Col ors Makeup, Hard as Nails Nail Polish, Smackers Lip

MS08@% oss.
Dial Antibacterial Hand Soap, Ivory Hand Soap, Suave Shampoo, Aveeno Lotion,
Aquaphor Moisturizer, Right Guard Deodorant, Softsoap Bodywash, Clean & Clear

Facewash, Nair Hair Remover, Nicel Face Cream, LA Colors Makeup.

S01455

Dial Antibacterial Hand Soap (remained clear), Ivory Hand Soap (remained clear),

Suave Shampoo (remained clear), Aveeno Lotion, Aquaphor Moisturizer, Right Guard
Deodorant (became thicker), Isoplus Styling Gel (became thicker), Softsoap Bodywash, Clean
& Clear Facewash, Nair Hair Remover, Dollar General Astringent, 409 Cleaner, Glass Plus

Cleaner , Nicel Face Cream, Smackers Lip Gloss.
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SO1458 Dial Antibacterial Hand Soap, Suave Shanpoo,
Aveeno Lotion, Aquaphor WMbisturizer, R ght Guard
whewdat@am , | soplus Styling Gel, Softsoap Bodymem®n$2006/015634
Clean & C ear Facewash, Nair Hair Renover, Nicel Face
Cream LA Col ors Makeup, Hard as Nails Nail Polish
PMI28} emai ned clear), Smackers Lip G oss. M50840 Dial

% dl %ﬁ b%%sfglélnﬂalﬁgt | ?@eﬂlaz%ﬁh%gﬁm ﬁ?faﬁfl%cg?»@ﬁ? (rehnamed clear),

Suave@EdlﬂdeEQM’raa’m‘d clsaf)t A&:e@oBO)dymshqu@mam/I&is@lr&&r nght Guard
Nai r Hair_ Renover, LA Col ors Makeup as
Deodomm 1§01Na$ St.\'/#iagau Nair Haprdtauaqvst, iYipel dags STeap, | n&@éberaléw Gloss, Hard
ap, lvory Hand Soap, Suave
aSNaéﬁgﬁgggﬁﬁﬁbggﬁgﬁﬂg ggh, Aquaphor Mbi sturizer, Right
GMhﬁl@ @ﬁ@ﬂ%@i&hentatﬁ@f&ﬁbbﬂﬂnaﬁﬂym&ﬁallﬂlmbe&n@hewn for purposeq
wash, Nair Hair Renover. Ni.cel Face
of llluﬁtmhe@ﬂéﬁz BVRRIQSY i, WilldrerrRatenkio %O?Qaﬁlmﬂqﬂdp tagart Fléaﬁéfﬁlh@%f changes

in the gle%ﬁ&?&nat ! baglﬁ)reglltllg Ny E§c§§%ioﬁ5r’gﬂf}\&}gf ge &l;aaﬁg véghaog{?ggéagt\}%g from the

scope ShihBO@ntiAy it ik abfiesd, in Aguepiher Moi sturi zer,  Ri ght
Guard Deodorant, Softsoap Bodywash, Clean & O ear
Facewash, Nair Hair Renover, N cel Face Cream LA
Col ors Makeup, Hard as Nails Nail Polish (remined
clear), Smackers Lip doss (remained clear). MS0802
D al Antibacterial Hand Soap, Ivory Hand Soap, Suave
Shanpoo, Aveeno Lotion, Aquaphor Moisturizer, Right
Guard Deodorant, Softsoap Bodywash, Cean & C ear
Facewash, Nair Hair Renover, N cel Face Cream LA
Col ors Makeup. S01455
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Dial Antibacterial Hand Soap (rerained clear), Ilvory
Hand Soap (remai ned cl ear), Suave Shanpoo (renai ned
w@b@an)e40/Aveeno Lotion, Aquaphor Moisturizer, RTOE2006/015634
Guard Deodorant (became thicker), Isoplus Styling Ge
fbgcagg thiiter), Sof t soap Bodywash, C ean & C ear
WHA B :r Hair Renover, Dollar General
Astringent, 409 C eaner, dass Plus Ceaner , Nicel

Face Cream Smackers Lip G oss. PML285 Di al |
L. ahtneshed ef fabricaige WoBiqriakpenpretng insarppratingcy PopavEd selected

vom G530 EFIR0 kP TR P A R e

silicatdsg @D palyhedrhiSsl flodferiStrivéthigesqiidxanddainto Renmateal thdvigietacts with a
) Face Cream Snmackers Lip doss, Hard as Nails Nai
biologpg| $yst¢nt.became thicker). Wiile certain representative
enbodi ments and details have been shown for purposes
of illustrating the invention, it wll be apparent to
2. thasshekpddoeding tp ¢lhien &r wherpiatthe gernpeindohediges therhydpaphilicity or

) hods .and conpositions di scl osed herein may be nade
hydloR%%%”r%tMtOfgbeﬁﬁ?tﬂqﬁg fromthe scope of the invention

which is defined in the clains. WHAT IS CLAIMED | S: 1.
A met hod of f.abricating bi omateri al conprisin .
3. i%eB?tB%cf a%q%%%f%lﬁ%&nwﬁgr@we £ GAMPPBIA tiiseg foappare an implant
. ISk in r r ; ;
swtae B S e BT (hL SR gL SR ARG atory, cell
growtlopriogmter arcl antibadterxdesqui oxanes into a material that
interacts with a biological system 2. A nethod
according to claim1, wherein the conpound nodifies
4.  tRembiidd apturliingith yelam hysheaphoibe coinpoahd thae ansltetityabf different
3. A nmethod according to claim1, wherein the conpound
organi¢ suhs§BWYNt Hoppepare an inpl ant surface and has a
property selected fromthe group consisting of

anti-inflammuatory, cellgrowh pronoter, and . ,
5. abtihgthed eedaafling4o chimel.hoberaidcopiiralyy b ceimpionnds, having different

" .v\,hL rﬁ'}un éh.e corrgourhd has a plurality of different
otg m%?g’ﬁ ETSEERS FhEnT ‘groups. 5. A nmethod according to

claim1l1l, wherein a plurality of conpounds having
[ ff r gani [ nt gr r . . .
6. dA meec{lgg taccoor 1%g tg c?a%%s{, \yvlLljc::e}eltn ag pﬁllfl Ic'ty %f %orlilq%ggnds having different
cage sizes are used.
7. A method according to claim 1, wherein the biomaterial is formed by a process

selected from the group consisting of melt mixing with polymers, copolymerization, reactive

chemical grafting, non-reactive grafting, vapor deposition, and sputtering.

8. A method according to claim 1, wherein a silanol functional group on the selected

compound is reacted with a metal implant.

9. A method according to claim 8, wherein the compound used to prepare the implant
has a property selected from the group consisting of anti-inflammatory, cell growth promoter,

and antibacterial.
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6. A nethod according to claim1, wherein a plurality
of conpounds having different cage sizes are used. 7.
wa\20vetliaod according to claiml1l, wherein the bi BOBUSINGNIS634
is formed by a process selected fromthe group
consisting of melt mxing wth polyners,
copol yneri zation, reactive chem cal grafting,
10. nAnmnmeibadtacverdggabtdlaig, 8yaperimteosinipoand and plurality of different
sputtering. 8. A nethod according to claim1l, wherein
Orgam‘és‘él?s’ltlﬁﬁé‘moﬂ}ﬁ%tl onal group on the sel ected conpound is
reacted with a netal inplant. 9. A nethod accordi ng to

clai m 8, wherein the conpound used to prepare t

I ﬁmngtﬁpd I§SOrgdingrtg ﬁ‘é@lw&swé{h@@tne@ pfqr@lﬁytqfé;ogﬁ)@u}gds havmg different
nfl ammatory, cell growh pronoter,
Orgamgg{gésltlﬁieh %ér%tuls A nmet hod according to claim8,
wherein the corrpound has a plurali ty of di fferent

o‘?xglagt;ﬁmgdsum%i tladﬁnug,a{?/ﬁ?rﬁn ? pfg ch%ﬁ%\(jrl S Pg/mg different

cage sBk$ higrged. or ganl C substituent groups are used. 12 A
nmet hod according to claim8, wherein a plurality of
conmpounds having different cage sizes are used. 13. A

13.  "BtHado@eGRrdha % ElQm?h%H@rélm‘fﬁhe&ﬁh}%hﬁlB‘?s GRBRRYIE {0 a material
incorporated into a materi al selected fromthe group

selectedomen she¢ pyupfconnsimet dfcesmstianttsptsmeeal ppststits plasse prosthetics

bioderlegﬁzlt)rlﬁgtgg{y%f té)%?%&l%; crgg: 1;?1\% {1%;%’,:8% ¥v2§tﬂ:a§§}ts pr%realcala materials,

nedm:ﬂ%@ﬁsro& oSyt R AR aRERSRafcer£ONt T ast agents, and

bi omar Ker s.
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