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MAGNESI UM ALLOYS AND USES THEREOF FI ELD AND BACKGROUND

WOR0THESSBNVENTI ON The present invention rel at eBCT/1L2007/000520
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RONRaRE, Rk&fealing is a lengthy process, requiring a few months to regain full

strength of the bone.

The bone healing process in an individual is effected by the physical
condition and age thereof and by the severity of the injury and the type of bone
injured.

Since improper bone healing can lead to severe pain, prolonged
hospitalization and disabilities, cases in which a bone is severely damaged or in
which the bone healing process in an individual is abnormal, oftentimes require
external intervention, such as surgical implants or the like, in order to ensure
proper bone repair.

In cases where such external intervention is utilized for long bone or other
skeletal bone repair, the repair must be sufficiently flexible so as to avoid repair-
induced bone damage, yet, it should be strong enough to withstand the forces

subjected on the bone.
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skel etal bone repair, the repair nust be sufficiently
flexible so as to avoid repair- induced bone danage,

W@ 2407/123535houl d be strong enough to wi t hstand PE¢EIL2007/000520

forces subjected on the bone. WO 2007/ 125532
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Currently used bi odegradable inplants are based on
pol yriéipdegsadablasippopaie implanék rachudegrmded witighime at a known,

RO¥G RS THES SbuldPUphoR 'Y BTGl dnd EAMBIA¥A SPHe healing
process, thus circumventing the need to perform unnecessary surgical procedures
to remove the supporting implant and significantly reduce the risks and costs
involved.

Currently used biodegradable implants are based on polymers such as:
polyhydroxyacids, PLA, PGA, poly(orthoesters), poly(glycolide-co-trimethylene)
and others. Such implants, however, suffer from relatively poor strength and
ductility, and tendency to react with human tissues; features which can limit local
bone growth. In addition, at present, the biodegradable polymers typically used for
forming biodegradable implants are extremely expensive and hence render the
biodegradable implants costly ineffective.

Biodegradable metallic implants, which would exhibit the desired
degradability rate, the required biocompatibility and, yet, the required strength and

flexibility, have therefore been long sought for.
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and others. Such inplants, however, suffer from
relatively poor strength and ductility, and tendency
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Hydwsgen begundeptie. skidowever, due to the corrosiveness of
magnesi um the plate was disintegrated in |ess than 8
days WMietcRIrgsign PrqcsisRiznagnssigpyiarolves e dplinywipg reaction:
hydrogen gas under the skin. 15 The corrosi on process
of magnesiuminvolves the follow ng reaction: M(3) +
2H20 -+ My(OH) 2 #df2 +Thds0 —BMg(@H}zwmgl e of magnesi um
di ssolved 1 nol e of hydrogen gas is evol ved, while
the rate of hydrogen evolution is conpletely dependent

on t nesi um di ssol uti on rat nce
Ki ne?ﬁ%n%? FHe Wﬁ%n%émaﬁ‘?eé&n? éls%‘%‘ﬁeﬁ pals Of hydmgen gas is
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'€ the capability of
magnesivm, disshbitionohtee demyeLrtbg kimeticmnel thdnu&gnezsuan ooumlogitweis the

determining factor for the hydrogen evolution rate. While the capability of a

human body to absorb, or release, the evolved hydrogen, and thus to avoid the
accumulation of large hydrogen subcutaneous bubbles is limited, it is highly
undesirable to use magnesium-based implants that may lead to abnormal formation
of hydrogen subcutaneous bubbles. Since the corrosion of magnesium in a
physiological environment is spontaneous, reducing the hydrogen evolution rate
can be effected solely by reducing the corrosion rate of a magnesium-based
implant, which is typically performed by means of various treatments and
preferably via alloying elements. The pioneering work of Lambotte was
followed by others. For example, Verbrugge [La Press Med., 1934, 23:260-5]
used, in 1934, a magnesium alloy containing 8 % aluminum (Al or A). McBride
described the use of screws, bolts and dowels of magnesium alloys containing 95

percents magnesium, 4.7 percents aluminum and 0.3 percent manganese (Mn) [J.
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"Characterization of Degradable Magnesium Alloys as Orthopedic Implant

Material by Synchrotron-Radiation-Based Microtomography", Hasylab. annual
report online edition, 2001, Edited by G. Flakenberg, U. Krell and J. R. Scheinder].

Some of these studies focused on the mechanical properties and
degradation rate of magnesium alloys such as: AZ31 (containing about 3 %
aluminum and about 1 % zinc), AZ91 (containing about 9 % aluminum and about 1
% zinc), WE43 (containing about 4 % yttrium and about 3 % of the rare earth
elements Nd, Ce, Dy, and Lu), LAE442 (containing about 4 % lithium, about 4 %
aluminum and about 2 % rare earth elements as above), and magnesium alloys
containing 0.2-2 % calcium. Thus, for example, it was found that AZ91 degrades
at a rate of 6.9 mm/year, LAE442 at a rate of 2.8 mm/year and that 2.5-11.7 % of a



10

15

20

25

30

conducted w th magnesi um based orthopedic inplants for
bone repair [see, for 20 exanple, U S. Patent
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&orous sponges made of, e.g., AZ91 alloy. These data
RO PEYMEIP e porous alloy did not exhibit the

Sane Still in the same publication, Denkena et al. presented an in vitro
degradation study of various magnesium alloys in which they reported that AZ91
alloy was shown to have localized degradation while MgCays.os alloys showed a
more uniform degradation profile. Nonetheless, it was concluded that none of
these alloys exhibits the desired corrosion profile for an orthopedic implant.
Another group of researchers, Heublein and co-workers, published
numerous studies conducted with magnesium-based implants for vascular and
cardiovascular applications (e.g., as stents) [see, for example, Hearr 89 (6), 651,
2003; Journal of Intrventional Cardiology, 17(6), 391, 2004; The British Journal
of Cardiology Acut & Interventional Cardiology, 11( 3), 80 2004]. Thus, for

example, Heublein et al. teach 4 mg stents made of the magnesium alloy AE21
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successfully tested in_pigs., These stents were found
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It should be noted herein that the desired characteristics, in terms of
biocompatibility, mechanical strength and degradability, of Mg alloys intended for
use as stents, differ from those of Mg alloys intended for use as orthopedic
implants. Thus, for example, while the total mass of magnesium in cardiovascular
stents is approximately 4 mg, in orthopedic implants the total mass of magnesium
can be up to tens of grams. In addition, biodegradable stents are typically designed
to disintegrate within a 3-6 months, whereby in orthopedic applications longer
periods of up to 1.5 years are desired, so as to allow sufficient bone formation at the
impaired site. Hence, in orthopedic applications it is absolutely necessary to avoid

the use of non-biocompatible elements such as lead, beryllium, copper, thorium,

aluminum, zinc and nickel, some of which are regularly used as alloying elements
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5.5 %yttrium(Y), and 1.5-4.4 %rare earths,
preferably neodymum U S. Patent 10 Applications

whanorngssBubl i cati on Nos. 20060058263 and 20060RSRBR407/000520
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12BEd 4P 658 be F@Wd, fFR0NAMGIE)52@ reVieinby Rashiwy kb {Mamosurgery,

RSSHE: APRAEOR L0 By e et CEMLACH Bone
GFRABYr es andimPisastOns t heyinglpul d Witk hst antiocumentation,
www.newcare.net/PDF/bonegrowth.pdf. Black et al. [Bioelectrochemistry and
Bioenergetics, 12 (1984) 323-327] also teaches in vitro and in vivo studies of the
effect of direct and indirect current on stimulation of osteogenesis. These studies,
however, fail to teach a role for magnesium alloys in promoting bone growth in

osteoporotic bones and other impaired bones.

SUMMARY OF THE INVENTION

The present inventors have now devised and successfully prepared and

practiced, novel magnesium-based compositions-of-matter which exhibit

mechanical, electrochemical and degradation kinetic properties which are highly
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U S. Patent No. 6,767,506 teaches high tenperature

resi stant magnesium 5 alloys containing at |east 92 %
woe@nesiseam 2.7 to 3.3 % Neodymum > 0 to 2. 6PCH/1L2007/000520

Yttrium 0.2 to 0.8 % Zirconium 0.2 to 0.8 % Zinc, '

0.03 to 0.25 % Cal ci um and§< 0.00 to 0.001 %
Beryl lium These magnesi um al |l oys exhi bi.t ippraoved.
beppRgislcor Fatiousrtherapani PiPeses éBX auspastiaiady Rheeficial in terms
Oqg%gﬁécgﬂhﬁsﬁﬂtét ance at el evated tenperatures. The

use these magnesi um al |l oys for nedi cal applications
has ridtuspaeordiagithonaaspectl Of thagyeshethvertiarhibergmt mavided a
Hence,. whi.l e the prior _ari?t ches, vari ous al | gys,
ceBIRES iy mAebsRIBRrISg At lrey ey B tents JprebePing K 1.5
WHER BScdi$l S WaEhOpdbaRe desdyniiiind o 0L h&&esht Alek@¥ to 4
are characterized by either insufficient L
vitightmepeent wiruoyirem @/ loveightparednt faehiveight persenfaicenivm; and

er f . qechani cal . d I 0 0 -1

T Rl Rt P4 B i g Al e Lo o Sttt

batigl dbvbrl dfiAdd. y advant ageous to have, novel
magnesi um_based al | oys, whjch are suitaple for

menufARCEHPS do fedhEafcatieds teRrebiitad eabstRBEet thednyention
B S o RS e AR D Rt prcn
mphggsianmbeneficiary role 20 in stinmulating

bone-form.ng activities and, .as a.result, in induci

o5t HERBUNE 1S Sl Sk aiisndS ghd dER PR proTBze HgOpfhents
tRE BYBPSIich-OEMERB BRI SharadidHFRA by Af corldSionriledhR/taddds about
can be found, for exanple, in a review by G shi et al.

(- Nenddewbgetr 1) mogly pBpsured aqcordio@ ® ASIM &rdt e pporeim@eysion
.b in "Di.rect rent Bone G owth",
iR e e bR T S comort at | o 25

W NEWeRiRg 16 tah BiRES ARt bP M pREént iBl@RIoneheR! is provided a
[ Bi oel ectrochernistry and Bioenergetics, 12 (1984)

QRPPosiiPh-cairediter ewtinatsingn al ilgasb 9anweight \evcsntst pyigeesiwn, the

t ff ect irec L ndi t ryen

ofboehb i Jeb B AR AES ol b Rt smnges from
dbad OtSondcdawhatvut dl.® rhad, magnRdi asvdidgOys ASTNI GIdI/Rngpon
bone growth in osteoporotic bones and other inpaired
ipwe@sion 3pa SMgRitivar chlpEde selpim e 71 e the eesepesition-of-matter
i hvent ave now devi sed and successful ly prepared
baer%g &]eﬁlggdz fir&é%ccl, novel - magnesi um based

CONpPoAtdording -t6 furthdrt fatundy hpefditddl Embodiahani sfthe invention
el ectrochem cal and_degradation ki netic properties
deperehedetovnithmeqmposition-of-matter is characterized by a corrosion rate that

ranges from about 0.1 mcd to about 1 mcd, measured according to ASTM G31-72
upon immersion in a phosphate buffered solution having a pH of 7.4, as described
herein, at 37 °C.

According to further features in preferred embodiments of the invention
described below, this composition-of-matter further comprising: from 1.5 weight
percents to 5 weight percents neodymium; from 0.1 weight percent to 3 weight
percent yttrium; from 0.1 weight percent to 1 weight percent zirconium; and from
0.1 weight percent to 2 weight percents calcium.

According to still further features in the described preferred embodiments

each of the compositions-of-matter described herein is devoid of aluminum.
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WO 2007/ 125532 PCT/ L2007/ 000520 8 beneficial for

vari ous therapeutic purposes and are particularly
whemefizsssal in ternms of orthopedic inplants. HEMHE,2007/000520

according to one aspect of the present invention there

is provided a conposition-of-matter conpri sSi ng at

| east 90 wei gg]fm{)ercents rmane5| um from1l.5 ht

per cefeording | dwithes dpatures dn b dyseribed prerf%rﬁ@ct)embo 1ments
Ry %Etthep ‘851% Sgitlérg-()ltﬂn% Qi%gcrpo%dcl??émyctoh{ A1 fr&‘ﬂni 9. \);!felght
Wel ght ~ péerc Shum A

nt to ercen
fercentsQo 2. Smelghtpqmamfemmdymuﬂnwel ght percents caI CI um

th ition - nat t bei n evol d_ of zing. )
AccorASREES (¢ il rfwnﬁqfefe #gpeaqn the gﬁ%rléfeﬁi St b amhesiments
afh LA%hd BYBPSLiGhs-JOmARS ebBffabRaw, co}nglsmg from O 1 weight

conposition-of -matter conprising at |east 95 wei ght
neeceokint &S W@mesﬂcmcaMmMi ng to still further

compentiordifis 7 Sl aRherdEf RS Gh b SbserPEL g cmbOfiments

R6H 00 $he BohPosatidrivadf-hag QR séiRdt heréln Toipilising AOMUD. 1 IwSight
ncd, neasured according to ASTM G31-72 upon i nmmersion

pEEenhtogl.) WoighE BeRGERIFYERI®Y | de sol ution at 37 C.
Acco rfgécggdlfl% t& gﬁ% tfﬁxtthésf@gtﬁfes QB tﬁ@ ﬂ*&s‘%ﬁ%é@ gEetJe@é/c? @ﬁl’l)8@iments

there 1s pr conposition-o conpri si ng
eath lof dllsd c&ﬁpumﬂngist—ofpﬁattee rdescrited nesein momtpiging from 0.1 weight

ngosn(t -matter being characterized by a
5; Gy el P?“I’?ﬁ‘ft%“ﬁﬁ@lég‘ from about 0.5 ntd to

a b outAdoortifiE fo sHRFAMAGFeRBRR"iHIthY dE&n‘B&f &led gmHQ@iEhents

20 inmmersion in a 0.9 % sodi um chl ori de iﬁ [ ution at
e@ch tdfethso mpoml@m-qﬁmatmﬂ dascribal hgreie oimprisingz i 7h¢l We1ght

pg\% C%?l{? eneoﬁvtgﬁ{r{x,u@%g gé%& I%%!g)ragﬁo\g#r B{HQ (?%Q rv&e?g t%gpc%n 21rcotn§um

8 XISwéigRpdéentidddl@iml S characterized by a corrosion
rate that ranges from about 0.1 ncd to about 1 ntd,

neas hegrdieg & gtk Jurtber Aeaturesan -the dg@m@p@ wrafemed smbadiments
t

SR B Syl st gl SR B Gl 2 0 i

Ifemhmrmdymlmn,ef 04 wesphe pordhingtien00.31 heigh perdehorirconium;

a@g i bed. bel ow, thls conposition-of-matter further
| WRIgH tpeF?%‘Fﬁ‘f“Bu’%el ght percents to 5 weight

\%: |r ; ﬁl?éc%rdiﬁ@ Y Wit Tarthdr A@hitlred 118HOAEsPBES PRiferlr@ Smbodiments

each of the compositions-of-matter described herein further comprising at least one
heavy element selected from the group consisting of iron, copper, nickel and
silicon, wherein a concentration of each of the at least one heavy element does not
exceed 0.005 weight percent.

According to still further features in the described preferred embodiments
each of the compositions-of-matter described herein further comprising: 0.004
weight percent iron; 0.001 weight percent copper; 0.001 weight percent nickel; and
0.003 weight percent silicon.

According to still further features in the described preferred embodiments
each of the compositions-of-matter described herein being characterized by an
impact value higher than 1.2 Joule.

According to still further features in the described preferred embodiments

each of the compositions-of-matter described herein being characterized by an
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30 percent yttrium fromO.1 weight percent to 1

wei ght percent zirconiunm and from 0.1 weight percent
W0 2002/128B81ht percents cal cium Accordi ng to stP¢T/1L2007/000520

further features in the described preferred

enbodi nents each of the conpositions-of-matter

described herein is devoid al um num WO 2007/ 125532

imoret Yaberotheb comed from Abeurid? deple do gbpwt 2 Jerleh dyeferably from

Jbed preferred enmbodi ments each
ﬁﬁaﬁﬁ§§&MEﬂ%§?$?g%§%g* matter described herein
c orrprAajorcgng tostill . forthei Ghituresparthe described Pr&dewed ghibodiments

cents neodym um According.to still further .

bl b Fampr R aE s Fretsdr e BBl rctetged by a
RRE s ChichlenSPEPPRE. | ons-of -matter described herein
corrpr|3| ng fromO.1 weight percent to 0.5 weight

per ceftcopdihg itestill Augberdieagrasanghé Idlesdrmed tpaefefred embediments

in t descri bed t he
Bhs I Sreb R TP FPERE RErPl helBnpriasriged by @
Har@iBsHthht MBEESH FromRB6GEST HRE td afoutQ0HREper cent s

yttrium 10 Accordlng to still further features in the

descriensadipe do shill durtbemsaturasninsthe dagaiibsel prefsrred embodiments
el .

fgpmoqgfh% &%pcﬁ{tlo%er it rt]tg gédﬁ)gg \Alg:?% tlgl%lgg C'Eg%ftaaeﬂged by an
ﬂtlﬁﬁ&nﬂeﬂﬁle s@&ﬁgﬂldhlgbert thas 200 MPay rpréferabtye ivnr out 200 MPa to
ggfcrigﬁg preferred enbodi nents each of the

_'an of -matter described herein conprising:

2. 01 xedghthg 1d %’[lﬁ%ﬁﬁ&t faftPQUNhE WesFitRE BB embodiments
per cent yttglun1 0.30 wei ght percent zirconium and
e&clz of ﬂeuogmpopapnsenf-mauen dgisembed Asonin being charastefized by a tensile

(AR FELAL T D URSRREARH RS B e s

pmcrl bed herein corrprl sing: 2.01 weight percents
neodym um_ 1. 04 weig er cent trlun1 0. 31 wei ght
per cehecorilipg daistith further e, ot ﬂéﬁewtbeée?r@féﬁﬁé embodiments

Sah CAﬁJgee d&gfrflgc{sﬁiaag é)tf(?nr%% ek | desdr Sehhk?grmﬁeﬁ&%lﬂé SatalieliD& by an

escri erre di men
asmpﬁgh&MQBhugﬁfﬁmhﬂéqmde&&r|bed hereln further

f (r)]g'p %SI n gﬁg,s ﬁsﬁf&ﬁ@}f qalﬂJg%V%lc B cr1 Ceﬂl{e e%rg &];r{b% iments

Ll S A 580 Y e
hyeirggen @edwemt rate lower than 3 ml/hour, upon immersion in a phosphate
buffered saline solution having pH of 7.4.

According to still further features in the described preferred embodiments
each of the compositions-of-matter described herein is producing a current at a
density that ranges from about 5 pA/cm? to about 25 pA/cm? when immersed in 0.9
% sodium chloride solution at 37 °C.

According to still further features in the described preferred embodiments
each of the compositions-of-matter described herein being characterized by an
average grain size that ranges from about 10 nanometers to about 1,000 microns.

According to still further features in the described preferred embodiments
each of the compositions-of-matter described herein having a monolithic structure.

According to still further features in the described preferred embodiments

each of the compositions-of-matter described herein having a porous structure.



10

15

20

25

30

According to still further features in the described
preferred enbodi nents each of the

W@ 0wp0%issl ons- of - matt er descri bed herei n furt hBCT/IL2007/000520
conprising: 0.004 weight percent iron; 0.001 weight
percent copper; 0.001 weight, percent nickel; and

0. 003 wei ght per ent. silico 30 Accordin t
furt hzéecor%ag i gl pptheraspred oF fhsdgesspeng et tihe ther is brovided a

%ggj% {(}ﬁgﬂ' h ea}t{;‘e?%&g fish% RAITESEL régntmﬁéﬁersmm having a

|ng characteri zed by an 71 npact
pmbmsestﬂmlcgm@r than 1.2 Joul e. Accordl ng to still

furth re in th descrl e.red . )
botasiot thRnhdy kRS B bid e HEbEITR of the invention
SR&dddBEloEBE HdGUNGo g@ﬁﬂ@ﬁ-@f hﬁaﬁ@r ingn c¥acterized by an
2007/ 125532 PCT/1L2007/ 000520 10 i npact val ue t hat

Fvarage ore Gameatsoihat mngesygomeabey 1 gnicrans Jo abiy 200 microns.

prefe réﬁpg 8 {pu %J?Hér aéure%oﬂl the d%s&*%%?h) élfgﬁed %H{%)%glments

Accor I'ng urt eatures in escri

the ebapbsidosabaditter hiving @acdetioé shbstance incorporated therein and or
ositions-of-matter described herein being

gaghedibeieized by a 5 hardness higher than 80 HRE.

Acco rﬂ&é&dlhgboém Furfolf %elaﬁfreJ ﬁ%é‘&&%nbéa SrBRrdg2aibolRtknts he

preferred e di nents each
mmpmsdmp«zﬂmsom«bﬂmatttrefurﬂes compasingefremnlﬁew%ht percents to 5

VREh{ g St EecsRtnife: BRECTT et sriel A S b apreett yifum:
ﬁ&ﬁm &J%lgl}}]l pérbﬁlt des Wél@ﬁ(ﬂ)eﬁfeﬁf Afdoffhng AR Gofe 0l Sveidiit percent

each ositions-of-matter descri bed herein
@&W@gbﬂmf%ﬁﬁ loiwn), padeseribadlhergiat e tensile strength

hi gh A&%}B@’%&%& gﬂmthgpfe% ésaipll M«T %és?ﬂ%{zﬁgrgfep%ggnm: amtl&ts he

about ccor atures

poreusieseroshiza-qfredtes ﬂaedlgel&bmdldfemcs each of the

conposi ti gns- of ter described herein bein )

char aCEeipgdo ﬁyrﬁﬁh@ﬁﬁqﬂlﬂw lféhw@rsab%C{] Prst%ﬁeﬁ cfibgripents he
c’l&% 0 MPa to about

I%d(%gﬁ]s VP, dgﬁ%go@ﬁ%gé’r?g ebﬁmog?ﬁﬁlg?&[?eat ures in the

descr Abzudipgab estlﬂdidrtbﬁtbftdtmwmsthe alsdritefl préferred embodiments

A AT AN ——"
REJERAM:Sm. e L@@E&hs'i‘ﬁmk%fsﬁrd)ﬂ | coppéit Hﬁicelf Sat 5iliesn,i Wherein a
the described preferred enbodi nents

concentration of each of the at least one heavy element does not exceed 0.005
weight percent.

According to an additional aspect of the present invention there is provided
an article comprising a core layer and at least one coat layer being applied onto at
least a portion of the core layer, the core layer being a first magnesium-based
composition-of-matter.

According to further features in preferred embodiments of the invention
described below, the first magnesium-based composition-of matter comprises at
least 90 weight percents magnesium.

According to still further features in the described preferred embodiments
the first magnesium-based composition-of matter further comprises at least one

element selected from the group consisting of neodymium, yttrium, zirconium and

calcium, the amount of each of which being preferably as described herein.
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each of the conpositions-of-matter described herein
bei ng characterized by a hydrogen evolution rate

wo owen23sban 3 m / hour, upon i mersion in a phoRQITHL2007/000520

buffered saline solution having pH of 7.4. According
to still further features in the described preferred
enbodi ments 25 each of theltonpositions-of-matter

descrigdding e istlli fyrtherolgatmiasginahe desazibed grefarredi embpdinents

h f . A . DA/ cn? wh
e by LR R SRR s i B B o 37 "

Accor éddading t6 tstilll fufiirt featurdseiat e @8sdribel prefd@sd einbediments
gr ef erred enbaodi nents each of the . .
the Fipd sragnenendiaserheuanosHIORQ T matter edeypil oflyginum.

char a&%&&&iﬁg 4o QY11 a[ﬂrthe"fofeé%%sai%ethg rd%écﬁ%%ﬁ %@eﬁeﬁ‘@& el®B8fnzents
from'about” 10 nanoneters to about 1, crons.
the dostdinagndstunstbatdd Eampdseionfefatmatters firthet kemgeisey atbkedst one

referred enbodinents . each of th . .
Bt Gurroons e D e L ERLHEE i kel copper and
S0 iwhblefn SriefetBIY hRonceNEaQEHbMEhch Qf Ble! ¢ leablUdeMRhvy element
features in the described preferred enbodi ments each
dofes nplecxserth® 81 tWedgld percemtat t er descri bed herein having
a porpus ryct 07/ 125532 /L L2007/ 000520Q.
11" ARG 6 MU e £ P88 Sercribel mrd e L tipphments
the fiedd k@R editidriRiséd caphppsitii@co famatt@ A 8 ntdnelithed sthmbirer
conpri Si ngﬁat | east 95 wei ght. percents nmagnesi u

1

. 3 m .
havi myc@rdipg te whllfurther igpuresgadhe desrgibed preferrpd embodiments
j R r . ' ot he el ntion 5
BB E 3nk Pofl A B BB N Ak R e BlinbAS EAEE, |
bei ngAchadiag tterstilfirthgr featuraaviarthg elepoibed girefortd entbbdiments
tkgg es from about 100 m crons to about, 200 m crons.

P RAPpeSTen-pfafiet SHPTISEST APIOUS PHYRE oL BIofR agramic

pr ef exERediaphe dtiemtther fhRr&ORNAS idbi@Med prdRtt®embodiments
havi ng an active substance incorporated therein and or

the tpeEdusdcarpysiian-ofimativ cis ral parpus gnagniekitmt-baspd @omposition-of-

nf[1 arure es<i:rﬂ)etd eereollescri bed preferred enbodi nents he

porous conposi tl OW- of - matter further conprising: from

1.5 wei@hdingas calltfarthe fRaturdi ighthe RiesbRE prefeaey inbotiments

fromO.1 welght percent  to 3 weight percent yttriung,

the ginlest onge e tlayss reoaiprisena seqpadRagyssiiEEhtsed icompRpitigf-of-
JromO0.1 weight percent to 2 weight percents

cal cium as described herein. 15 According to still

f ur t hieecotdiag o esll furtheh deatiascin the degpordid prefered embodiments a

enmbodi msnti. he .
corrosion rate ol the at least one coat layer and a corrosion rate of the core layer are

different from one another.

According to still further features in the described preferred embodiments
the article described herein further comprising at least one active substance being
attached to or incorporated in the core layer and/or the at least one coat layer.

According to still further features in the described preferred embodiments
the article is a medical device such as, for example, an implantable medical device.

According to still an additional aspect of the present invention there is
provided a medical device comprising at least one magnesium-based composition-
of-matter which comprises: at least 90 weight percents magnesium; from 1.5

weight percents to 5 weight percents neodymium; from 0.1 weight percent to 3
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por ous conposition-of-matter being devoid of zinc.
According to still further features in the described

w@e@iariserl enbodi ments he porous conpositi on- PEF/MRD7I00520

bei ng devoid of alum num According to still further
features in the described preferred enbodi nents 20
t he porous conposition-of - ter further conprising at
weighitregseat Yty e fehveighbpaend o | msight percghigiggonium; and
i1Sd L ' ' nd silicon,
%?éﬁ‘&élgﬂt Ig%%éé%qur g{é %%ﬁﬁé?er{e{ggﬁaggé the at | east one
heav yPrefeenbby) tthel o@apoxitioreafsmetderCeoiiisesvet gt S eveaighittpercents
Accor.ding to an additional aspect of the present
PRRPEH %N there is provided 25 an article conprising

a corgedofiBy 18Nt aln heRBnMNRP&RASS IRYFlesd®i iRfeRBR! el is

onto at |east a portion of tge core layer, the core

pravided banedical deviostcomyyisow amagaedwn-based composition-of-matter
onposi ti.on- of - er. .According to.further feature

R Pabs REA leaon FeiepCSGRS Bl St b R mater

Hedlglardcheizbd b$ta JPROBRE irktB iRa $athes BFROSJuL 01F-BEd tRIERE 1.5

conprises at 30 |east 90 wei ght percents nagnesium
e gpepswigdtascanding tof ASTEGHlek) wpas ipupersim Hea &9 fegodium

cﬁ’ﬂo‘?f rSB@%oS'JPﬁLHE”tS the first magnesi um based
conpositi

on-of matter further conprises at |east one

el enSiich seheditf delico préfhrablyrouPrieed s icdhipasitigh-of-matter which
neodym um yttrium zirconiumand calcium the anount

fyrtha xompsisesiiionn 1 seveighinessaatsty| dy waightpaseentheepdyerwnprom

PCE 0 | .
I poeRnts b R PR Ko, LREBAEHATeA o 1 i
rendeotizineniven; anddrdm 0t weighnesieattdibseght parpass talcnnof
mat t is devpjd of zinc. Accordin o still furthe )
f eat ﬁ%ﬂ@?%@%& &atseat b‘s%ggleﬁ?lﬁ iedicah éavlﬁ%jq@%scrl{g?éherem
dvé T mpRBED %%Ia%nlé?@fg%m CRRAS IR Pl BBhb&tids (A8Mehd and
of alum num 5 According to still Turther features in
anaintigbercpD add prapegiasad desepibed haningbovehe fir st

magnesi um.base npesj.tion-of .matter. further . .
conpr RHg 17 BRI RRlkesC IR, e FRoatisReef e gpention
deb@it@a GelovE ANBkgitAING vitle dsideforibail GéRlin isCIRVREY atdBsht one active
silicon, wherein Er eferably a concentration of each of

suhgange bewgattaghed thetginordnedrperated desseinnot exceed 0. 01

= AT AL 3y oL b
the medical device further comprising at least one additional composition-of-matter
being applied onto at least a portion of the magnesium-based composition-of-
matter.

According to still further features in the described preferred embodiments
the medical device further comprising at least one additional composition-of-matter
having the magnesium-based composition-of-matter being applied onto at least a
portion thereof.

According to still further features in the described preferred embodiments
the medical device is an implantable medical device such as, but not limited to, a
plate, a mesh, a screw, a staple, a pin, a tack, a rod, a suture anchor, an anastomosis
clip or plug, a dental implant or device, an aortic aneurysm graft device, an

atrioventricular shunt, a heart valve, a bone-fracture healing device, a bone

replacement device, a joint replacement device, a tissue regeneration device, a
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the first magnesi um based conposition-of-matter has a
monolithic structure. According to still further

wo e@vaeds2 i n t he descri bed preferred enbodi meneGI/1126074100520
| east one coat |ayer conprises a porous
conposition-of-matter. According to still further
features in the described pléferred enmbodi ments 15
lnerm@oqé@mia graglo ap ddwalline ateriph cathetes @npnd\g@lbn&vm ggtheter, a

I oys S

I{fe%d%/eh %cul?‘uf&g@t :éntr Eﬁggetégf @%g&{)h stte%é, 5 uréthral stent, a
eotab dﬂeﬁerﬁ stefith@raf0n Gystheerpastiular @Rafof a ﬂnfe; arvafs@ll@c aneurysm

or ous magnesi up based conp t] of - matter,
%@&@F%M&W@é@ D, M&%ﬂugq riﬁostt%e CHlige. AURSHERT fﬂr@a@u Regenous
E{pvg 'ﬁ%u%‘?éa%h 8 a‘?{d%f\%fré.e‘j_ enmbodi nents 20 the at

east onfe coat layer conprises a second
magneBietaralipsthd nuwiigad devico - of erthgtetierimpladaie medicabdevice

t rth ur es in the descri bed. pref rred
S s et Tty BT PR G St S @ciatlo e 8 one-
fr@on@re hafliihpadcSAel £ 5b@dre E)Eﬂb&n@t{t debRe GRS joRY %plﬁ:%&em device.
di fferent fromone another. 25 Accordlng to stil

f urt h/éﬁcqr@ag e ésfurther hepedieet thehprdsept éfventien there i 1s provided a

R oy al e PR Rg SERep L Sulti e process

a@nipthed f6ting 4 negperahkll témphies Car teakta)or waidht Opercents
the at | east one coat |ayer. According to still
m&%‘%eﬁ’é‘m fleathgreby qbfaip e %@mé@nﬁ#@% (g and subjecting the

di R rﬁamfnlr% cdbt h Cd Z%I]\Iﬁst%% ffs"i‘tl) ?Ndeﬁ&re?’ gﬁ@ ritistage

exanple I mpl ant evi ce.
e@«tmlelom prgcadores torhprisimg at déas ormabxtamimn treatfnehh end e kst one
yention there is provided a nedical device
S5 L52HY° Yt | east one rmagnesi um based conposition-

Of ”HA&(%’rde?'t@ heuRBEFdafiRSs iR prdf@d&t eRBodtglcaht opﬁ{ecﬁi%ﬁtlon
magnesi um from 1.5 weight percents to 5 we

dreerchad: belowaghy mulistage oriTwion peseghitre ganprisas: sugjegtmg)the cast
t%og 7fL rjsg %éﬁﬁsﬁncT I Ltlgqubd{] o%pa%% Oa frst, &X ilg%g %ﬁé&%g‘n& gﬂ?tammg

0 1 per ce

Mpb@hioumf—rﬂa’tfér f frehetidg V\&lbgfﬁrstp &ix6@aéd t MagnddRingdbntaining
percents calcium Preferably, th

C@&%ﬁ?élémrqfﬂn%?er it & st mqr@t&ea -and) wibiection e fimst extruded
S%rfégimrf‘%oﬂiﬁﬂfﬁg OS%I(ﬁicgpﬁlgﬂt&g Ohg s}’e%n@réxﬁ'ggb% gJ]?ljlereby
rese t a

ect o Inventron there 1s rovi
abgalin aabccdld\ﬂxtrad@bnpgnesmngcmtmmgrge&nm@h@aﬁ-matter
Conpogé(}olr(%ng (%o SHH tIurtﬁer features in the described preferred embodiments
the multistage extrusion procedure further comprises, subsequent to the second
extrusion: pre-heating the second extruded magnesium-containing composition-of-
matter to a second temperature; and subjecting the second extruded magnesium-
containing composition-of-matter to a third extrusion.

According to still further features in the described preferred embodiments
the process further comprising, subsequent to the casting, subjecting the cast to
homogenization.

According to still further features in the described preferred embodiments
the process further comprising, subsequent to the multistage extrusion, subjecting

the composition-of-matter to a stress-relieving treatment.
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whi ch conprises at |east 95 wei ght percents magnesi um

the conposition-of-matter being characterized by a
we@erosisen rate that ranges from about 0.5 ntdPCDIRZD@U100520

1.5 ntd, nmeasured according to ASTM G31-72 upon

imersion in a 0.9 Qbsodiunk to chloride solution at

37 C. Such a nedical device preferabl, onpri ses )

compaeprbng o Sk Jaeies Th dhe Aevribetproigesd sppagiments

o ) . S . )
the by L ROk, bk RO (AU e
cormpiasifiot-ofenatet, ubjectmg theooltained ginpogigorcefimatter to a surface

' i d f 0.1 wei ght t to 2.wejght
(et 3 Be st Dogb STt e s Ly ent or an
ABiG e theEd £alesdfitiaRfeislescri bed herein are

conprised of are preferably characterized by a )

conpaoiéaording (e lsehdther faetures rip ubg descnibed profered embodiments
roperti.es.as gdescrihe ' . [ .

B BB B O P B T ROBHE PO e pecems

Ihgyﬁﬁhhpn descri bed bel ow, a nedical device as

descri bed herein _is having at, | east one_actjve

20 .
substAsroedipg ite gt tiues fgatiirrs g the dpscribed ppipEed amgodlments
L 0. i - St i . t .. i
P e R e R
thagrekiem. conpri sing at | east one additi onal

conposition-of -nmptte el ng .appl i,ed onto | eas

por ¢ 1 SfFofing e SR HEbsr AR ES a8 o e ebet apibred Rabpdments
ke nE AN eth MsdPecthpdsitiontbtihster f@@idd I8 MptiSest f1east one element
descri bed 'preferred enbodi nents the nedical device

selected drone dirpgriop egnsistingef greodymeiugy dttriten girconium and calcium,
coO ition-.of -matter having the magnesi um based )
P&%ﬁ%g"’g’iﬁf s %ﬁ%@lgﬁd-%??'er bei ng applied onto at | east a

por t i Qecokdiag @dfet 2AuABEdisPet bOthetprdsent intédioh thaatdesided a

in the described preferred enbqodi nents 30 the, nedical
rgethpd ofi RromptingppsiensspIses Mbdi sllieiavang b dmpayred ppne, the
im | .. r -y
3ol cBlpBftnk bladhe B2\ Eini8 SFD0,mBaE Gife BoXoAPliioftof
mhtiqe, aticlelougmedicat devtiad ddsofpbedlriterdin. devi ce, an aortic
aneurysm graft .devi.ce, an rioyentricular shunt, a
hear { T nisent, GHEOH raEresrilealdriget diy cBongopigs of the
|oeatiofls b9 fbvidey AGERRNIM-B8WICLmpbsitions-of-
HERLAG R SR b, B0 SIS AR osions
1IR@Wr) LRDATICRS @BA Gnedicsl Hevioek mhges therafroat whicinare far superior to

el LL0g AL LAl SALDRESEn il bAdwe! |1 ng venous

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. All percentages are on the basis of weight by weight
unless otherwise stated. Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present
invention, suitable methods and materials are described below. In case of conflict,
the patent specification, including definitions prevail. In addition, the materials,
methods, and examples are illustrative only and not intended to be limiting.

As used herein the term “about” refers to + 10 %.
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needl e, a vascul ar stent, a tracheal stent, an
esophageal stent, a urethral stent, a rectal stent, a

waee@nt2ggsaft, a synthetic vascular graft, a tubP€/12007/000520

vascul ar aneurysm occluder, a vascular clip, a
vascul ar prosthetic fil ter, .a vascul ar sheath, a
f

venous 5 valve, ,a surgical inplant and a wre
Pr ef dhatieyn “eHePTHERE cBFAL tc‘gcg?’fsSﬂ%\‘hS ngprdifnls that do not

ah‘e@tl iy %@Q{ festlf gér?ﬁi Q&M Chhis BmherRompRises ARt tetrhdMdoBisting
0, a plate, a nesh, a screw, a pin, a tack, a rod, a
ofoagt" consstingressdngially nff. devi ce, a bone repl acenent

e, 5 S0 i B BERIT i B pEEEL BelBur

R 84 ifcludOadlife RS sngdédigite pad/on geps, IHag 0Ll 10 thddakkibnal
conposition-of -matter, the_process . co

¢ npri si ng: ..

ingredientg andior tens dowiet anntesighis alige theasic tncwegmrijmﬂsﬁcs
rcents . magnesi t hereby obtain a

Oﬁgtbencj%lmf%rcgg%f)glﬁﬂﬁﬁﬂgmgglg: and subj ecting the

magnesd wead GBiein, nihegsio@dar farma "ayll tans't agk "¢hel'r insiude plural

procedure, the multista extrgl;ei on procedure

sblsHPErSTHEsSHe LBAE! Qe NeeFIsS riartive AR, f term "a
clfog%tﬁhnc?‘n &c "§t5leg§;t eo'ntée%tmeﬁoﬁlﬁ@'_t R inci@E ¥ Phuigity @ffdehipdands,

ures 1n preferre nmbodi ments of the invention
indading hegtulpes theveof he nul ti st age extrusi on procedure

OO BB G0, e b s GIGHEA S be

FrEQnRalH @&H}?&t RIrfa Ot SEOWMB @B iindeRtodt-tAR! the description in range
pre-heating the first extruded magnesi um contai ni ng 20
founatas inéroly- fof comvanénce @nd brevityt andeshoukhnel e cepsgued as an
sHbj.ecting . the fir extorad ngsi nhal i :
e e
4 hgigebyhouldbtiri BosideeaDnel ave rypdeiticatby nibsilased cahtilai posgble
conposition-of-matter. Accor diag\g to'éifiri& | furt hlgr !
fubengeeas WALl phdndisdenl BERerishe YRGSl R ARSt s Ot HEmPS,
ds'géélgﬂécﬁ)%a&% r?féée{ ﬁﬁh QB HRLPE &ALl A bE BEsidePSPIol 198 specifically

guent e second 25 extrusion: pre-heating
dibdosed cobrngostsunl esifromghtes], dronc bhe 4 fipmd to 5, from 2 to 4, from

ition-of natter t . d t tur.e;
Eioitedtame i Seeonavildes i aL AETBER R wilfnge. for
%% RS i1t H 0N-40% - SRt d. eThib Qpptick hé%aism@stdmﬁ §®BadthGE tledhme.

0
ti’IfT furfher features in the described preferred
enmbodWhentwsr atrenapicakcrasge fsundisated dergt. ik isrgeant to include any

suhsequen 0.1 he castin Subj ecting. t
ﬂ%ﬂnﬁ‘gﬂ?@g{{r%ﬂpn&c &b ﬂ‘b‘?%rgl)t%&g‘%‘i ﬁ'% lﬁulrc%{%grl%ﬁ géait uﬁlg s B}i%ﬁ ses
¢ hRoiAE g d Betwiea’ ar fist irided himbésand haepumdcgicate number
further conprising, subsequent to the multis a%e
¢t Trenging/ranggh fosy | zh@rst indicate number “to” a second indicate number
are used herein interchangeably and are meant to include the first and second
indicated numbers and all the fractional and integral numerals therebetween.

The term "method" or "process" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those
manners, means, techniques and procedures either known to, or readily developed

from known manners, means, techniques and procedures by practitioners of the

chemical, pharmacological, biological, biochemical and medical arts.
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the conposition-of-matter to a stress-relieving
treatment. WO 2007/125532 PCT/1L2007/000520 15

wa\ewonelisey to still further features in the deBCYirear/000520

preferred enbodi nents the process further conprising,
preferably subsequent to stress-relieving the
€O oosltlon of natter sub &cting the obtained

' : 2 (dace treatnment. The

surf o #%?W"Q PR o U R B SR rnce

tbetheiabconfrm@ingi mgwingssthh $pecificerefdremouions to thd H@awings in
descr.i bed p rg erred enbodi nents the rragne3| um based

detpp b it igrisest thaktine PRI shawmtare bxsvanef fgpghte and for

@Egé‘s%@to% IRERGS | HfBusAGE gffdthé‘ réf@rr&ﬁ' hﬂ)o&ﬂﬁ&ﬁ@ bf the present
tures in the described pre erre I ments

inhentivagmds |aumabasmder¢@dmotﬁet dapse off puosiding wbatnis rbehe'@datb be

east 95 ht ium. According t

R Fe TS PR oo R e G G B phficonceptua
BPEA OFRRY Snvehfiéh. THANBRI 1é ?&rﬁaﬁﬁ ChtteRIPP @ Intdde o Gho@éthRkural
further conprises at |east one elenment selected from

detalsgpb e dovmition g mfre ndedadl tharmis yneeessuy fori p chmdamental
\%ﬂgrosrag;dﬁ{gu&othe vgﬂt L?:%,bldgsc?i tlgl? ttzﬂ#el & 1tﬁ ecfn? 'd@avgmgs making

dppsent toothosdskiBed ﬁl fheairi hied tlee sevetah Mfofahe fitentign may be

osteogeneS|s in a subject having an inpaired bone, the
d’ﬁ%ﬁ?@l ng placing in a vicinity of the

|rrpa| 8fe W?n he conposition-of- matter, article or

nmedi ca deV|ce descrlbed herein. 20 The present

i nverkliGonl suacpbatbglably mawntsg aspiesmtativer ¢xpomilesgef ektruded

th t] f di
e A o BB PiestLe@bedinRy, P and arti ol es
and rmd}scah cd?’ﬁb&l@%m%mtrtﬁ%ﬁlﬁ{srmm I3036:€ af Rhle of 1:500

superior to e magnesi um based conpositions known in

Fimue 2e, lefthped onst weh/\pfsé HWOi Bigureaa, righddef BMGald on a
i
FhteR11dob (+ELTRIRIAEE oPBARG AR coffs of I0AATRAIR AN

art teIGHhBLb tfi photoyephi qmeskaﬁh@gl gﬁe Alpkripenie ny‘ea@esf an
are on the basis of weight by megg unl ess othermnse
igymgraign aggay wisedy ko qiﬁé%rﬂw%aawaom ¢ af qagnssiyng pllgys according

(B9 YRLER b OB ASIERL RO BRA Bt a0e 356 abhy;

ractice or testing of the’present
FIGs. 4a-b are a photograph presenting the experimental setup of an

electrochemical assay used to determine a corrosion rate of magnesium alloys
according to the present embodiments (Figure 4a) and illustrative potentiodynamic
plots (Figure 4b);

FIG. 5 presents potentiodynamic polarization curves of BMG 350 (blue),

- BMG 351 (pink) and BMG 352 (yellow) obtained upon immersing the alloys at 37

°C in 0.9 % NaCl solution and applying a potential at a scan rate of 0.5 mV/second;
FIG. 6 is an optical image of a BMG 351 alloy, explanted from a Wistar rat
30 days post-implantation and subjected to cleaning, on a 1:10 scale (left, bottom
image) and on a 1:50 (right, upper image);
FIG. 7 is a SEM micrograph of a magnesium alloy (BMG 352) powder

containing Yttrium and Neodymium having an average particle size of 200 micros,
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i nvention, suitable nethods and materials are
descri bed below. In case of conflict, 30 the patent

W@ p@cil2issat i on, includi ng definitions prevail .PCHIL2007/000520

addition, the materials, nethods, and exanples are
illustrative only and not intended to be limting. As
used herein the term'[about']‘sref_ers to 10 % WO
ahogned 2568 2MPTT ME0OTHD0ESR0 kBT HEdee AfgOn atmosphere and
M ele]y i ng" nmeans that other steps and ingredients
W%QI{TP éi%ﬁbt affect the final result can be added.
Thi s Fi€r. 13 is an opties $raagd dﬂ&ﬁﬂeﬁ’@lary eimsdred disg forafedanfch porous

"consjsting essentially .of The phra consi st
TBSGRIA| FET R QU YHEE0 e o $oMG 352)

M@&b@&iﬁiénksoﬁﬁl RAYESLE 6PporofiPOII5 %:
ég?%ﬂgg%tﬁqﬂe%%% it the addltllréénal grlgngi?ﬁedloe ts ano(l’7or
st epsFldo Shist anmt'e:al thdge of anether heelbalsry: siategedhdise fof a porous
characteristic e..cl ai osi.tion.or d
RSSO nesrpdtionn oL e Y TG b veagdthith, BMYC3s52)
ch@ﬂdH%etloé«l{)]@bent efbediaass inWhieh e Hoha&w&@dﬁl%‘ét clearly
di ctates otherw se. For exarrple the term"a 10
conpoﬂﬁ—‘rsl 10qpreseats aneepiicab ﬁ@a@mﬁf@@ﬂm exepplarcpydes gpecimen,
n

Bl Dl b TRt R b e SO L e BB anc

| nvenE]]Gsn darb [peesepir ageatentplarty appaitge foorevaluating hydrogen

uJ d be understood that the descrl tl on i n range )
qve 1% AN RSPeSUMONERDE FPBRReEY Eﬂ‘g?nltl?) %mﬂa schematic
lﬁti&whﬁ,nwa éﬁ%fu LEFHGEn &R deNfor Tnd mggl fi | & ﬂtyumg%atgagﬂl a

on the scope o t e 1 nvention. Accor
physmiogmal oamvurbnmantr éﬁngareslﬂdxy dcdoedio®risi Hq:reeobttad Haumal of

call e possible subranges as
?{@ﬁ i% %1?*8%6(/;:1 %i%ﬂkal ues within that range.
For exanpl e, descrl ption of a range such as from1l to

6 should be considered to have specifically disclosed
QEDCREHHON GFhTHE PREFIHRRR Y EA 3.’4.!”4 tp 4, from1l to

Wé| |f rgfgg e%c%\’; I‘i‘%vuef&flc?m %&v%f’m? nes ut%g\)%s ¢ ang é‘%g‘l 101?13—8‘15S matter

ers W

\ebiﬁl‘i‘pd:& bd, ustd For nanbfacarihgbimplaniabiRppledial rd%gfmedl w8k as
hg breadt h of the range. V\henever a nuneri cal
%hﬁ)@@ ip dMplants aSeecifelss dhe pempasitignsf the prewent gmbgdinents

&hted u@éﬁr%lakor(sftﬁl%ﬁeé %ﬁﬁJohﬁﬁc | P:66Y ahd) })Wl’ltllh{ilﬁly%ljgg structures

I ndi cated range rases rangi ng/ ranges
whith ast chamzttambé bp b[d@empatnbihgr, sechadcal pdipeaios and mtbgladauon

n%?ao&xgg aéeé g%ng/ E‘%? o rﬁ]@@]l, gppflfcglt?(gnsl mﬂng %treesegtumvgrrmon is
therefore further of articles, particularly medical devices, comprising these
magnesium-based compositions-of-matter and of processes of preparing these
magnesium-based compositions-of-matter.

The principles and operation of the compositions-of-matter, articles, medical
devices and processes according to the present invention may be better understood
with reference to the drawings and accompanying descriptions.

As discussed hereinabove, the various biodegradable metallic alloys that
have been taught heretofore are disadvantageously characterized by low
biocompatibility and/or high corrosion rate, which render these alloys non-suitable

for use in medical applications such as implantable devices.
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are used herein interchangeably and are neant to

include the first and second i ndicated nunbers and
wa@bdo7tikss3f racti onal and i ntegral nuneral s ther POBIEM00520

The term "net hod" or "process"” refers to manners,

means, techniques and procedures for acconplishing a

gi ven task includin but nét linited to, those 30

mannefs furthsadiscugsed gﬁﬁtﬁl@b@ye@ﬁ@ Ipalaé@ume@@ntﬁ afisehiodagsadable
r di I

Dl B B EUAP 1 oA BT R0 RS, or

mbﬁmmabnesai&arcsfami-agm amouhisplofgbgial ¢letnients hewh cal ziaddand

di cal arf 20 5532 PCT/ |1 L2007/ 000520 7 .
%EW@%E@@R@PI?\Q&B egﬂb\‘&\ﬁ ISEEAP QeSS 10 G2t ) (ot Swtg $he medical
Agag iEAibndFSRS m@% R¥icnay 1204 SrRER! iR caRl &fanWrtﬁngedlc implat.

erence he” acconpan %; drawi ngs peci
r ef erbnaesaamh tfor tdoweld nmmlﬁgsa Joys tHatt avduld jexhibgt the desired
stre that the ul ars. shown .are b y of.
BRBSTRRS i drtssh! EoBRbl B iichet Rd Phoesral dariiceq ovel
QmpdaRions-SF aidies @éﬁ%ﬂn‘iﬁi&htﬁgh afaghfSui’ &S8NMoncdMMEBE 18R is

only, and are presented in e cause of providi ng what

Ighas shie 98 el ghihgercantie prefSieblySkiEReT BAGOT el ypercents, of the
fg%ggvre p%h?% tlgeeéo%eé(gh %P ’ﬁ{esé Q(?mgc;sjt@oglﬁpolf%ﬁ t?ﬁgre also reﬁgred to

Iregeint 1tnﬁﬁil¢ﬂang&blm ce rhagmekiow-sdsed Qi)ufpahltloﬁl@t)ﬂmla&e@ fmatgfmesmm
{;)entlon i.n nore detail than is necessary for a
gl ﬁ&aﬁ@ﬂ?ﬁﬁ‘u@GOHWHéP%tmoﬁﬁ‘°8$> RgngsHipRsPRigining jggstems or

Igggﬁﬁgguﬁ{_bgggdts?&%gl sW th the draw ngs meking apparent

hose skil n the art how the several forns of
the i "Bhﬂammmmtrmm,s -dfgnattenidegtiribad harepr wetd paticularly Hesigned so

drvvi pht raph presenting .

ot oabiiv EiRoralifiiRe B0 O RRNaBLRR R A carp itable for
@tHopydiaG [ﬂ'tsﬂ OTheOmblecdRERERAbLHICRI R SesHd AR e f-
pre(z)genlt %EM m crogrrnaphs of BI\/Gn350 on a scg?ee Obg?poi 00"

mﬁﬁ@meéeﬂ@refp@qu)foms ‘on a scale of 1: 2000 (Figure

2b) an%g]tt%] ta%/[f % 135%3% éﬁ’%f e J’%‘%ﬁ%‘é %%9%&%‘ Eltk%c)%i;%mems

dx'-)InCﬁS)smgatHe aspeeidbegsfapkiter pwaeeéﬁrefmgyt fedectod eﬁctliTEllth ahpon
20 i nmmersjion assay used tq determ ne

ffegfadag% ﬂ? &%@@H@PSW&%@% Agi %9%1}%%@8@6 caingf the fee ﬁkements
%iﬁt_eﬁ Sﬂeese%ggh : 'ee d ?ggsﬁ&r %{é:@é_ﬂ &%ra%céﬁ‘ablé‘ﬂﬁn—wlb neg/el of each

Fi gur -b are a
glerestent Tovghis read e hpthr theentawint $@nmogtotioan of each element and the

degradation kinetics of the composition-of-matter as a whole were considered.

Due to the requirement that an orthopedic implant will serve as a filler or
support material until the bone healing process is completed, yet will not remain in
the body for a prolonged time period, the degradation kinetics of the compositions-
of-matter is selected such that the implant will be completely degraded within an
acceptable time frame. Such a time frame is typically determined according to, e.g.,
the site of implantation, the nature of impair, and other considerations with regard
to the treated individual (e.g., weight, age). Yet, preferably, such a time frame
typically ranges from 6 months to 24 months, preferably from 6 months to 18
months, more preferably, from 12 months to 18 months.

Since orthopedic implants are aimed at serving as a temporary support until

an impaired bone is healed, such implants should be capable to withstand
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el ectrochem cal assay used to determ ne a corrosion
rate of magnesium alloys according to the present

wepmod2isent s (Figure 4a) and illustrative PCT/IL2007/000520

pot enti odynamic 25 plots (Figure 4b); FIG 5 presents
pot enti odynam ¢ pol ari zati on curves of BM5 350 (blue),
BMG 351 (pink) and BMG 352 €9ell ow) obtained upon
subsianidal iyyesshee and abrgsigns, Fimil@ly to 0. nep MatChenss| doitldnposses

A AER A R BB T ge of *a B 351

al | oyNossthdless] € dongiosiion-oF-afatteRtesciBed BedBy are also suitable
ost -] | antation and subjected to cleanin on a 1:10

Hpenthemanulgeiupesh othepagdglesand dsivicas, s getatled Breinbelow.
UpPEr g Hi?tgg h‘?g a%‘@chf tﬁg\l}\%mrpgg1ﬁgﬁsagf1m9{telaq(et:stcrr1lI)eudmhereln

magnesi um a cont al ni n
ﬁmﬂieﬂ\le@uymea,mnhaidmn@ mmagmsagm, paddsitiberl herzmabtﬁvez @Bdm 1.5

0Q7 32 PCT/1L2007/000520. .18 .0bt ai ned
W%ht H‘?IF%/‘%S %a ’&g? BRECERS GO PRtk gLomny & rved Ql&foE’Prcent to 3
WEITRE PO SERS %ﬁm“@?o%ﬁ 000RLighE perfckits t081 'W%1g@ft‘ peRleh€ &hconium;
|ma% of an exerrpl ary sintered disc fornmed of a por ous

Oumveighpisseent en2 @@rghapmqgs yaleivinum and Neodyni um
( BMS ﬁ?ezgraoéntaocf’ce?t?lg t%e e ?tr)}ergﬁ, %ﬁ%&ﬁ&%coglpogltlgﬂs-of-matter

haV|ng a ree o oros

Bpidiend iwitge thé RnobRRr ragenst dey ekhither & adi ®C pRAfvide the
por ous, nesi um conpasi tion_ cont ai ni ng Yttrium and

SQURRAFH Oﬁn‘f*’% Vs ademyateiocnmpaibility vether dbesarelements and the
&Jm%faﬁ%ﬂttﬁerebf]ar%bféaea B8, R ﬁée Hle! @hpokitiTn-okdnatter with

presents an optical | mage of exenplary porous
%lpednslredl metalPurgice anelihagict andt degrpdarmenkinetid qadopeeti¢ss, In one

SRR pERpr SRl S0ear S Sk 3 sobrid withiBiicpese

vkt egradd fﬁrpa@&mﬁﬂhu MaAedh RepedaRposi ti ons
(Figure 1l1a) and a schematic illustration of a

diff u“éhl@nfq@@mmﬁleoﬂlerm@e lalloying elemeatssase ptttiom aofl neodymium,
QLKL%E &%@ tgg Oﬁ/g Qilecfﬁ SI Ol ﬁaglltlca lstreeplv Lgﬂ cogpélo&gremstance

accor |pe

Gﬂﬂiuhetk Wy sihdbagyuantifes NOpredent (iXidaliof-dufihg the casting of the
SCRI PTI ON OF THE PREFERRED ENBCDI MENTS The present
eAld FECPRIUBK SPYGRIASnhgHiS [FiBgad improves the mechanical

@gg&@@g&ttﬁgg @}f matter which can be _used for

acturing i npl ant abl e nedi cal devices such as
In a preferred embodiment, the amount of neodymium in the composition-

of-matter described herein ranges from 1.5 weight percents to 4 weight percents,
more preferably, from 1.5 weight percents to 2.5 weight percents, of the total
weight of the composition.

In another preferred embodiment, the amount of calcium in the
composition-of-matter described herein ranges from 0.1 weight percent to 0.5
weight percent of the total weight of the composition.

In another preferred embodiment, the amount of yttrium in the
composition-of-matter described herein ranges from 0.1 weight percent to 2 weight
percents, more preferably from 0.1 weight percent to 1.5 weight percent, of the

total weight of the composition.
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20 orthopedic inplants. Specifically, the conpositions
of the present enbodi nents can be used for
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di sadvant ageously characteri ze
batter clepaibied ibleicity camplfises, ini agitoarto esdgnasinmt 2.01 whkiglt percents

A it AL @1a0RFSre i 20 Evetshl eSS Snd 0.2
WOOHY Pe&Brcalkfh| L2007/ 000520 19 As further discussed

herei nabove, the main requirenments of a bi odegradabl e
met al Fach gbvhe eompagitipas-ef-matterr Hescobed herpipauptsrably further

T M

. ths nrignesian éxtradtiofippeudss. dbbngpldry eegr eleabitk iddfudedtdh, copper,

(corrosigon rate) that suits the nedical 5 application .
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BP0l e fRuTtict i o PREORRr AL 4P A Blan BB R ok o more
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racticed.novel . cC osi tions- of - ter, each . .
e PR o BTIaReS CoRbbn IR i nts v the desired
Qd@bRh 1EHn RO IR @iipoRIohe Ths, pRéefa8lyatlecoRtai@tioh Batach
95 wei ght percents, of the 10 total wei f the

ht o
ddhpesheavprelenins s withisothet irom {part mamilgipn)ateerelaa@cb does not

_ = Y ‘ Do
S R LRI O o
magnesi 4 repeesshativd BgangslePeRh tdfans compositions-of-matter described

magnesi um cont ai ni ng. systens or nmagnesi um based
hepein epmprsee Ociipweisht Bereendfirom s weight pereentiroppety 0.001

58 A B i 0 OB Aty 0 I
sui t abdditibmal elements that can be included in the compositions-of-matter
described herein are strontium, in an amount that ranges up to 3 weight percents,
manganese in an amount that ranges up to 1 weight percent, and silver in an
amount that ranges up to 1 weight percent, as long as the composition-of-matter is
designed such that the daily concentration of the free element that is present in the
body does exceed the acceptable non-toxic level.

The compositions-of-matter described herein are advantageously

characterized by degradation kinetics that are highly suitable for many medical

applications and are particularly suitable for orthopedic implants.
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orthopedic i nplants. The main considerations in
desi gning these conpositions-of- matter were therefore
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orthopedic inplants, the el enments conposing the
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GERrAndW.ddaliRR CORBicH 6f MagR&i@d ello: tAcAtiad Review", ASM
acceptable tinme frane. Such a tinme frane is typically
itareationale 2094 dBAI AP S, @ tept, for thielogicale epluation of medical

| antati.on,. the n e . i L1y s r
AR iePhi R Brioh Mt ARb G G o5 Ak Prth from metals and
Allgby AR THE GB1-720v6i1gbl is ag@hdarigiractiee €be [abbtayory Suseddsion
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teefie mefalsf er ably from 6 nonths to 18 nonths, nore
prefe I 0 '
o1 t hobSg L CALT2: priiRct Btk Aol ¥rocstiEStor, and factors
thetpdluange, datppatoty immhersionagoriosioai tess, ronenlady heat dabs tests.
ch i npl ants shoul d be capable to w thstand WO
B0 F1cHBi 351 s i B0 8 B bR AOPGHOR ausdes of
AbshiAPrpetialhs, Svalidihl Bf tRsdisDORE cABEaREN IS RPdEhg of
posseS adequate mechani cal strength and flexibility.
PrRsidnahies §seet W vGaipoesgt i ons- of -matter descri bed
herein are alsq suit.able  for e n. t e
o ot Raft dp bl Ualone dcooislBpidtinffRR A6 o the
pesait BRdboments ik Rh@BGe®rddddi i ®ttosicdaale thit tahiges from about 0.5
conposi tions-of -matter described herein further
wedppiabeut 1iSnmeddimgdoti miligrag e sgH{te Lentuster in5e flay), when
e Ve b . l.ght ent 8-t~ 5 [
WERGSRE 37 4E 05w o, ShEREQ soRRERPAL 37 (. Paflefthed by an
irhebionRepetmnes cphludtddacchidain t0. ASTHIGRI-7per cent to 1
wei ght percent zirconi _unL and fromO0.1 wejght percent
to 2 hWBiyKenpdeEent sedigrkdemee G- TAR ORABRAEHC FPplanl thaymg a

%&%hl.elo?n%&iﬁ%@? S r@alrng CarlC AP O edck 0% Obf i gt Eﬁl’z, complete
degradation of such a medical device will occur within a period that ranges from 8

to 47 months.

In a preferred embodiment, a composition-of-matter according to the present
embodiment is characterized by a corrosion rate that ranges from about 0.8 med to
about 1.2 mcd, as measured by the immersion assay described hereinabove.

In another preferred embodiment, a composition-of-matter according to the
present embodiment is characterized by a corrosion rate that ranges from about 0.1
mcd to about 1 mcd, as measured by the immersion assay described hereinabove,
upon immersion in a phosphate buffered saline solution (PBS) having a pH of 7.4,

as described hereinbelow, at 37 °C.
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Is selected within the non-toxic range of the el enent,
so as to provide the conposition with the adequate
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per ceff a i diPf MO e RrdroterdiBflsel REREULSVE Hith! biPect to

the degradation kinetics (corrosion rate) of orthopedic implants, by using
magnesium-based systems in medical applications, the evolution of hydrogen
should also be considered. Since, as discussed hereinabove, the degradation of
magnesium involves a process in which hydrogen is released, it is highly desirable
that the corrosion rate would be such that the rate of hydrogen formation will be
compatible and that large amounts of hydrogen bubbles would not be accumulated
under the skin.

As demonstrated in the Examples section that follows (see, Example 7), the
hydrogen evolution rate of exemplary magnesium-based systems according to the
present embodiments, was measured and compared to data obtained in a model
adapted to calculate the hydrogen absorption capability of humans. The obtained

results clearly showed that the hydrogen evolution rate of the magnesium-
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conpositions-of- matter described herein conprises, in
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rate Glelativelyc bighscorrasing acséssancen sach awoebtbined dbr rreprgsesitative
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?%ﬁ@i%ﬁ qfﬁﬁet mpdigioghe -ﬁaﬁsreﬁ%_,crl%%f{ hSHHG- as the |
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concentration of the free elenent that is present in

chaeacteaed duyy neksbaniealcpeogettice thetc epidgb| thessopompeditions highly
| evel . rThse .CQ PSL“ gnsf of -matter described herein are
X9 tfgg%gd%frﬁff ChHPIET P zed by degradation kinetics
that ane, hh@fdrablgUid adngpdstioneiatie dia6@rding to the present
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I g{ m'elé(rg rugl heré%?%e%l?rﬁes “imvl\g?:llcﬁ hde%grlilloegeaatcgpsacﬁ)tf 3 C.ltarrn(ejtterial to
absorb energy when a stress concentrator or notch is present. Impact is typically
measured by Charpy V-Notch, dynamic tear, drop-weight and drop-weight tear
tests. Herein, impact is expressed as the Notched Izod Impact which measures a
material resistance to impact from a swinging pendulum.

Further preferably, a composition-of-matter according to the present
embodiments is characterized by a hardness higher than 80 HRE, and, for example,
by a hardness that ranges from about 80 HRE to about 90 HRE.

As used herein, the phrase "hardness" describes a resistance of a solid
material to permanent deformation. Hardness is measured using a relative scale.

The phrase HRE, as used herein describes the Rockwell Hardness E Scale, using
1/8" Ball Penetrator at 100 Kg Force Load.
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experiment conducted according to ASTM G31-72. Thus,

consi dbe i plyase alimese tesilec strgngtly’ asapsedr tatsie dlescribes  the
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poiat) whered malalmgvmﬁierguﬁﬂg stodifi Warddniidy 0p ao ke iudidmataatensile
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hat e buffer

e S, 3 R B, e

@rhb&ﬁm@nts is characterized by an elongation value higher than 15 percents, and

more preferably, by an elongation value that ranges from about 15 percents to about
20 percents.

As used herein, the phrase "elongation" is commonly used as an indication
of the ductility of a substance (herein the alloy) and describes the permanent
extension of a specimen which has been stretched to rupture in a tension test.
Elongation is typically expressed as a percentage of the original length.

These values clearly indicate that the compositions-of-matter described
herein are characterized by mechanical strength and flexibility that are highly

suitable for medical applications, and particularly for orthopedic implants.
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id Redo %QSIQer ei nabove. In addition to the desired

paraméters di scussed herei nabove with respect to the
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e R g S A
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under the skin. As denpnstrated in the Exanples

e gramsicpnlodig Sviaingd daying,aanpietage)graipysize of up to about 100
nanometers. The mechanical properties of the compositions-of-matter described

herein depend on the average grain size in the alloy and are typically improved as
the grain size is reduced.

The compositions-of-matter described herein are therefore characterized by
an average grain size that ranges from about 10 nanometers to about 1,000 microns,
preferably from about 10 nanometers to about 100 microns and more preferably
from about 50 nanometers to about 50 microns.

As used herein, the term "grain" describes an individual particle in a
polycrystalline metal or alloy, which may or may not contain twinned regions and

subgrains and in which the atoms are arranged in an orderly pattern.
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t'he presefit

nts aracteri zed
pmspantibs valuwk sobgheres tcharaltérmdtivedy) er irandditibor be ebtaﬂlrpcﬂ éo the

n.i t val ue es fro 2 Jou
ittt &5 bubhink ABRSTey of PR abo I ToroiR o
to abgud phritd Ol porkSsis ecqstnﬁﬁt%m of tthe Iﬂ%ﬂﬁ@saructme can be
i npact” "descriibes a capacity of a material to absorb

ecnéroglyd viking ﬁlespmp@@tlmnﬁénmomwcompommh ang igemeally and
b Fa® Gfeting G PRaRBR P S hPlealed Toflres of an
incorporated substance.

In general, an average pore diameter in the porous structure, according to
preferred embodiments of the present ihvention, can range from 1 micron to 1000
microns. According to the present embodiments, the average pore diameter in the
porous structure can be controlled so as to enable a desired loading and release
profile of an encapsulated agent. Thus, for example, in cases where the
encapsulated agent is a small molecule (e.g., a drug such as antibiotic), a preferred
average pore diameter ranges from about 1 micron to about 100 microns. In cases
where the encapsulated agent comprises cells, larger pores having an average pore

diameter of 100 microns and higher are preferable.
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tests. Herein, inpact is expressed as the Notched |zod

| npact which neasures a material resistance to inpact
w0 e@m125530 ngi ng pendul um Further preferably, PEI/I1L2007/000520

conposition-of-matter according to the present.

enbodi nents is characterized by a hardness higher than

80 HRE, and, for exanmple, %0 by a har dness t hat .

rangeln hroatesbd emRIINMRE ¢ POEBE LRONTDSIRE-of ABattes ¢ described

P sp SR s FSRE i, AR SR A P06 100

hirrah3es asbis 20@attoad using a relative scale. The
phrase HRE, as used h%ei n descripes the Rockwel |

Har drf& sRoreussegnposition-plymatigrg acepdnepty, dhe Rissentapmbpdjments
ééglrp:%ﬁésfa 18395 a&é%@%?éel@é%gne%’ﬁﬂ.l b%@é?yl&g&éggométﬁi%g the

prefer a conposTtion-of-matter accor
poooushenyposition desceibbd bernamrers piefereblyaa desribzd tetoinahove.

ultinate tensjle strength hi.gher than 20 a, and,

For Gl & 1oy aprioefiods @ auner | AeSirbes o e riin s  further
ddeaeseous19Phakeetiz0f Ui defoidadTaiic. 250 MPa. 5 Further
preferably, a conposition-of-mtter according to the

pr eseht usashieinnthetphirass "dhveid cfe mitherespaet 40 e eldnient, means

' h hi -150 . f | e,
I T TR T .
préferabty Bivedittthan?® pPanord IpeefplabBskesver ti@imsS] bpmy hrél preferably

strength" as used herein_describes the maxi nrum 10
Igweifhan 8¢l nranand modirefswbbHaZeR- nateri al can be

subj ﬁ‘f‘lteﬁgréf&r&e%ﬂﬁ@di}ntgnﬂ &R BERpdLiBo -fff-ﬁll ﬂelp@ésEfib%fiT Erein is
tensile Strength can be’experi Rent al y deter m ne rom
fartberrdeseid aftatwninumurAsis vastidkncsvrenphe sg adostrof i ¢cnmércially

R Pl o Do SRSl 4R Do o
oft £iBO Qo' alamieed T}%@@irﬁa%iﬁﬁaﬁli RSyt B ofidn ﬁ?ééléﬁy@ starting

anmount of tensile stress that a material can_ o
matbjid cfor ¢omposing enagnhduyi-lserl compeditionshior anediedl epplitasipns.

d ' LAl n L.deng up to,.the ultinate tensile
005 901 SRR RRE T D Mt Bl TP pBA e
dohtiterad etot @ossesse iinidequa@d bip@inifatibilitg paticelafy Sivhed Nused in
curve, wil I be parallel to that portion of the curve
pRGations thaé reguirgiarsubgiaptial waasy o€ the ignlant ang relptively prolonged

IR L ol ieooncl 1o cuve up s
yi el dt stthemfirdhevidére thdt mapatsumednséd empositions that are devoid of
zinc and/or aluminum are highly advantageous.

The compositions-of-matter described herein can be utilized for forming
multi-layered articles, in which two or more layers, at least one of which being a
magnesium-based composition-of-matter as described herein, are constructed in, for
example, as core/coat structure.

Thus, according to another aspect of the present invention there is provided
an article which comprises a core layer and at least one coat layer being applied
onto at least a portion of the core layer.

An article, according to these embodiments of the present invention, can
therefore be a double-layered article composed of a core later and a coat layer
applied thereon, or alternatively, two or more coat layers, each being applied on a

different portion of the core layer. The article can alternatively be a multi-layered
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strength can be experinentally determ ned froma
stress-strain curve, and is expressed in units of

WO 200¢#23582 unit area, as descri bed herei nabovePCHU2007100520

preferably, a conposition-of-matter according to the

present enbodinments is characterized by an el ongation

val ue higher than 15 percemts, and 25 nore

auiidé epnipbyed bf/a sareelapergand bre onmese (hat 35 4ndestcd raont layers
20 percents. As used

*ﬁﬁ%#%ﬁy?ﬁgw é@%émgﬁgggatlon is comonly used as an

i ndi CEid @bre Biyet e tHe cdriitled We@érll&dsh&reinaime frlagneivin-based

the alloy) and describes t per manent extension, of a

COFPOFIRER-OARatisT nal e dpfese eEOc ﬁl@ﬁ?ﬂ% S @piiftemagnesium-based
1 30 Elongation is typically expressed as

&ﬂ%%?@gﬁtog%téa% the original |Iength. These val ues

cl earThe firstlincghesithettasedeorsprsiiosi-of mﬁeroﬁrefm&ﬁlg rcomprises at

descrjbed . herein are charactgrlzed mechani cal

lest tfy tFe it PPCERE BPRSHES Ui 429 a8 niUghey, compriss fiegdyrgium,

}Hﬁﬁ‘ﬂr& 3ircamil) SR oA foiuANA m&ﬁbéa%@&hé(bav@rfopﬂiem%ﬁons-

i npl ants. WO 2007/ 125532 PCT/ 1 L2007/ 000520 26 As

dfensdtest rated in the Exanpl es section that follows, it

has bﬁ und tha e _
descr e%fsﬁrgﬁl%neﬁl 51% Basfeﬁ c?ngﬁlggﬁg errl]-er %%%tgﬂp ﬁn}a}%&her comprise one
hALAL hedviyZ éldments dueli R0irén, " witkdle 0éprRE cahd Ciilghre fak eddscribed

nanely, as producing an electric current during the
£i on process thereof. Measurenents have shown

t hat ERGSE e § bid &)g‘?]%a?érs %g[aﬁ&f 0[@5 ‘Pfé’éJAl;‘nggéhsﬁM Bgﬁ%ﬁ first

at a density that ranges out to a
@m@anQ)fmmmr icanrbe sdetbtechor0de@igited actiomding b drei dbsired features

S surenents haye t hat
b B drSe ey ir Ao e as P aico! B ORE mftaats.
densithist Nt EangRs, fif O aodhBett!V GEL R _ahosiiR-based
gA cn? when immersed in PBS (pH = 7.4) at 37 € 10 As

cmnsmg@ecpfﬁea@r d@ﬁ)@tv@oa@mhl%stfu@mrh and dbe gopteldyer comprises a
pho%éue I cg)%%eﬁogl onro ma e§ §r rhegrtl artl%gencae Ol}/eb s\é\@ %(J;] 1&8%00 {a < gn %(t,tlve

Vi i ni Ir one,

JubsiEnceCRI {hegﬁdwnﬁd‘llay&huﬁ a plmeahty&ﬂ’dhﬁsrenf chtl\»%xﬁjb@daﬁces each
orthopedi ¢ devices, the conpositions-of-matt

beingcinperparatest igiadifigrent ey de Stsh aa@mcl@ss thessfisp 6h%rﬁﬁ§nzed by
B S RS0 MNP LI T iy
elendeher getivh estcstemoegpmﬁlbhted msmé pasratm: evat dz@zar(b)e used to

tr eat Be p%goeuvse rc]gmpgs?trlon-ef( mnRer cogsst}tgt%) ﬁe coat layer can be
composed of, for example, a porous polymer and/or a porous ceramic.
Representative examples include, without limitation, polyimides, hydroxyapetite,
gelatin, polyacrylates, polyglycolic acids, polylactides, and the like. Such coatings
can be applied by various methodologies, such as, for example, those described in
J.E. Gray, "Protective coatings on magnesium and its alloys — a critical review",
Journal of alloys and compounds 336 (2002), pp. 88-113, and can be used so as to
confer biocompatibility to the article and/or regulate the corrosion degradation
kinetics of the articles. Thus, for example, in cases where the article is or forms a

part of an implantable device, such a coat layer can be selected so as to provide the

article with improved biocompatibility, at least at the time of implantation, and until
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Dependi ng on the process by which they are prepared,

as detailed hereinbelow the conpositions-of-natter
walemcn2dserl herein can be designed so as to haR&I/IL2007/000520

various mcrostructures. 20 Thus, for exanple, alloys

made by regul ar cast/mwought result in an average

grain size of from about. 10°%i crometers to about 300

ixreseeiedt dhe coptlayes cambe fisther ﬁ%lmtad sohs @itpducgthggprrosion rate

ertﬁéllurtlcfe atdBasfiel x?gglglle glré% ﬂanﬁ&l égstq a Bn

microneters. né- grarns can al'so be obt ai ned,
havi nig apredereed gmbgdiaient, she @oafus Lqmntpmsmibnuxf -nd@r is a porous
nanonet er s '

. . The nme han cal ro rties f t.pe .
BRI rRS SORORLD BPERLEE Rl RefeeHOG uriabye and
khefaxve rt@%réiﬁ adsna SbdRd] :ﬁagrre:@luﬁ{ b&ska %%p%‘sﬁlohétﬂlrﬁé{ek Y The
i nproved as he grain size is reduced

ssegmybsmagmsn@foam t eqmppsiion-efematiesr e¢mloaﬁléY t Beq efpesferably

characterl e |ze nges
FABIRELSASEE bl R RRertb B Bk e

pr ef eAREmytivelROrdh @dditidl to aANOSHRIver ﬁ1 il @tttbomﬁﬁ)ent the core
m crons and nore preferabl 30 from about

Heribereea layer(®) B seiectsd sut %cor;@qalsré@ qféhf'e?qat laypgs) and a

o‘?{o@on%?é' thg Cokd Iagﬁsal@zlﬂlff]glghtv frg ﬁfo‘iﬂe‘?l & hdto rov1de a

ycrystalline net or a may or may not
ﬁmiyabmrdﬂndsemxéncce@dﬁgsadanmkmab@' al ns and in which

2007, 198§ Bereer) [« 300HepbbERY o PraioeRGH: R ARoRynere o

ééi‘ﬁnfc%ét@nélf aPa&eAb& hé}BmaIScW% 6f 'H%%héllyozﬂﬁi' LS}EfeFaﬂﬂ} &an be a
descri bed herein can have eit her nonol it

giter ot mpre ngagngsipornaged §pm@slu¢1@s Oﬁe@a@@e@em éliffq:rerlt tihan the

6rﬁ£n%§%esﬂl?r§] %!a%leh&lr t;q %gﬁlﬁﬁt atte fﬁeﬁfe %ﬁ% erelr? ﬁé as é’c%ﬁﬁ, third,

Rithyet Uh&hesiner-baspil ea;habamﬁ(habﬁﬁia&én zed 5 by a
rel atjvely hi gh bul k density, and nechani cal
pr opelt PBS exgimlcs st ﬁaalaﬁlésgompmwﬁamo Of }ETY @agpesium-based

cfedé@elgﬂfohg’ 3-8 A HeschiBed ? dé“@%i&x d151=,-1 mﬁ «Ee}%.r%:?ér{?ed Bg aQHﬁ“erent

s to a consistency
cﬁmtamonaraﬁqaon@g/ dssotigseld nntcmtalhlhemmahover ahéyconmsien afate of such

bubbl es enmhedded an ran ersed within
ST EE ARG o Be chtt B SIS RE IS cponalcompposing
@evlaag@@ﬁﬁy%hmy,c & 8¢ }?lbz%‘}‘ Bdtelhigher th%uﬁérﬂé?rﬁ 8f @ heavy
and higher fluid absorption as conpared with a

glomoftst hi ¢ structure. Thus, in another enbodi nent, the

corrpols,l ‘ctltll %)Qerglglarrgfa %}uec[e haagorg lgggroéjosmprises a first magnesium-based

composition-of-matter as described herein, in which the content of iron, for
example, is 100-500 ppm, and a coat layer comprises a second magnesium-based
composition-of-matter as described herein, in which the content of iron, for
example, is 50 ppm. Under physiological conditions, the coat layer will first
degrade at a relatively slow rate and, upon its degradation, the core layer will
degrade faster. Such a controlled degradation kinetics is highly desirable in cases
where the article is used as an orthopedic implant, since it complies with the bone
healing process.

Other combinations of a porous or monolithic magnesium-based core layer

and a porous or monolithic coat layers are also encompassed herein.
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structure. A porous structure allows the incorporation
of various substances, which 15 can provide the

W@ ewposissi on- of -matter with an added effect, wehinzoam®0520

pores of the conposition-of-matter. Such substances
can be, for exanple, biologically active substances,
as detailed hereinbel ow, and@l or agents that provide
t he cAsrﬂussuSsr:Cbhemmabm ther antickeltan agyantzitgcpusly darther comprises
bioco atibili ad on.kinetics and
s o) syt et B Aouth Sibiitne® 4 Yo atached to or
ﬁl:&@bﬁ@éd %fle¥oh OF thd c@fi:dhﬁd/@rn cozﬁela?éﬁs 2aeRaAding beheYesired
onposi tion-of -matter, e. K bel ng deposited or
1

f‘sawéqsexf theprtiels apd ﬂw@sg@# Eé@?ée npties qféh%@,thy sabRipnger e
size di ﬁ&egr'ugéﬂéd: 1%!}&@{1] bdVaCe R e %&5;48% ﬁ&n% o‘}é}ﬁatP& and articles

contro e pteparation o

degoniteesl idreinscan b adseam@geongigldtymam dor mnﬁfngraabiemcal device and
desrlﬂ d accqrdi rlg to tpg structural and/or biol ogical
padgfirbsapmpipntably medicst de¥e- subst ance. 25 In general ,

an aveRagdecddfiife &) @Hﬁ’@hﬁf aéﬁgcttdﬁh@ £ Qéh? ifehtiG thofo i is provided

according to preferre odi nen the present
a rmedlt:atlo devicanwhizhgeompusasl ong coomom 200he miagnesnsn-based

Accor t enbodi nents, the average pore

g-oﬁlqaﬁitgrd% @?@‘%?Pucture can be controlled so
as t Ul“l@dlﬂkhi@alad&rﬁfél daBdnél0a¢lh RihgR Eha b RIsRAS BaseR cBhipb§itieh-of-
an encapsul ated agent. Thus, for exanple, in cases

WAlisTe arheargchayp capaultalazered gatmctirs as sieagribedo fasc thee articles
I{C?EIQabOV% drug such as antibiotic), a preferred
average pore dianeter ranges fromabout 1 mcron to

aboutRélﬁesemaﬂ:mfe Bsamplos ofgedicalieicstif @vhaﬂcﬂiﬁ%uin@bﬁdons of-
| ar ger  pores _havi ng (Zn aver ag

Bt BTG o, Aok, deskiihas bewes i baneensfigbly Wed mclude, Without
lﬂhﬁgﬁflﬁbﬁlﬁtes VW7 /slppea3 % RWH, g0 0ht00340 sr?tgrel Qn&lors

preferfed enmbodi nent, ‘a porous’ conposi tr on- of - mat

aestdamsisi diw ohehuesn deak implactseor dedcdsy eartlca‘amgsen graft
ore di amet es, fr.om about. 100 o

BiGe B ety Bt 1o O S e Eito bRl (ot bone

RpReEHEM A Acdsh §oit eRPRiceMBMOALPRE, Stissud® f‘e@&[&étﬁﬁls dabices,
Ieast 95 wei ht percents magnesium O her el enents

Vﬁﬁ@ arafés ipdwelling custepiek iceibsierd cisdwelbiod Yeaows wathetsrs,
R A5 SAARSF DL ARSI R s rc
ﬂdlt@ nsttag %@aﬁd, yythétloavdsenlaz gehfias tibes, ngisel@moAduisnmz béttuders,
vascular clips, vascular prosthetic filters, vascular sheaths, venous valves, surgical
implants and wires.

According to preferred embodiments of the present invention the medical
device is an orthopedic implantable medical device such as, but not limited to, a
plate, a mesh, a staple, a screw, a pin, a tack, a rod, a bone-fracture healing device,
a bone replacement device, and a joint replacement device.

The medical device described herein can have at least one active substance
being attached thereto. The active substance can be either attached to the surface of
the magnesium-based composition-of-matter, or in case of a porous magnesium-
based composition, be encapsulated within the pores.

As used herein, the phrase “active substance” describes a molecule,

compound, complex, adduct and/or composite that exerts one or more beneficial
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As used herein, the phrase "devoid of" with respect to

an el enent, neans 10 that the concentration of this
webk@neets3zv t hi n t he conposition is | ower than ROI/p@ng7/000520

preferably |lower than 5 ppm nore preferably | ower

than 1 ppm nore preferably Iovver than 0.1 ppm and

nost  pref erabl ﬁll S zero. é{freferred enbodi nment
qobiuities PR 13 o FICHPEHES taecitlvwés 25e8tih ACHVIY.i Slocpmpptififity,

L T

z(b@thbﬁtpr@ah&eamdtmllﬂmnounts (e g., higher than 100

ppm of .zin¢ and um ese nesi u al |l o

Do) QLG AN AN Theat, HoRes il Sl ot B1ein
HRIGRS M Paged “Bi%ﬂ@c%' tdgepg" f or, hﬁﬁﬂé&éﬂlcaﬂfj}p' acﬁaé | @Bénts",
Due to the undesirable toxicity of zinc and al um num
"phetmasentiedlytdctive mataiald oitbprpedisallp aphesegents”, “biologically

RSN PRGRITE L oo B ke e i e

fofekanpleppehotie| tAkrap@itly agests Omgegenctle Fhagwiutio ragéntﬁrand cells.

such as in orthopedic inplants. It is therefore

Rigpefiver agants ussiphis pererdsase avitho isoptessts avantign mpse be used
n [« )

0 o 6 ComBHRE B0 lon YUOHTE BB ke Yontent of thp present

ineerion alam ibdudidsi tadivactiveomateointsi which2&nndred foragpdiogitbrapy,

ticles, in which. two nor e er at | ea one of
hore RoTb maletiald 3 e, o oSy nep i e o a6 fgpors in
@ et est femhivh gﬁxRﬁhQﬁﬂ%aftHﬁttﬁglésnsu&ozﬁs i $@Pdlt Stent

as core/coat structure. Thus, according to anot her
apppedtions onasdiqmarkenstfor use i nicearthesticing sncbtadmmd&ing an

artlcevvhlfh COnpL.i cor

coat REERnfECBBIIRS o S ip ¥ B og' B3 honiiany
ﬂﬁorbhﬁtt&lo e theayempodMiord! Lattidl&, oAcevicel AesctiBed Meftn include,
enbodi ments of the present invention, can therefore

wihept diniation hors stpwih tremeting apeide qUEF 25 SEQYR fagioss bone
t I al

AOBHBLEHE prAEL, | 200 DAAORRAON, B, loh iRl Gidimoters,
ditéifinese nchepmﬂdlmasn cdfentolfa&trﬂn@m&sl ahemo-rdfelans] i drigs, cpuoteins,
alternatlvely be a nulti,.-l ayergg WD, 2007/ 125532

JEERISIY 28BHIQORESY 289N | AWHAPFHADLEY ARG nthedies,
ﬁﬁ@eﬁé’\oa&fdeﬁfysfan(se Ehmurdsupbresdant§! ndi-hG P& ensR¥ eﬁg%nts anti-
sequentially applied on the core lTater. The core |ayer
inAampratery tdgehts s antésadantse dntigrdiforatise agentsrangisensed asgieviral

agents, chemotherapeutic agents, co-factors, fatty acids, haptens, hormones,

inhibitors, ligands, DNA, RNA, oligonucleotides, labeled oligonucleotides, nucleic
acid constructs, peptides, polypeptides, enzymes, saccharides, polysaccharides,
radioisotopes, radiopharmaceuticals, steroids, toxins, vitamins, viruses, cells and
any combination thereof.

One class of active substances that can be beneficially incorporated or
aftached to the compositions, articles and medical devices described herein are
bone growth promoting agents. These include, for example, growth factors, such
as but not limited to, insulin-like growth factor-1 (IGF-1), transforming growth
factor-f (TGF-B), basic fibroblast growth factor (bFGF), bone morphogenic
proteins (BMPs) such as, for example, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6
(Vgr-1), BMP-7 (OP-1), BMP-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP-13,
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conposition-of-matter and is referred to herein as a
first magnesi um based 5 conposition-of-matter. The

w0 poogti2asegnesi um based conposition-of matter pPEr/ER2am000520

conprises at |east 90 wei ght percents magnesi um and
may further conprise neodymum yttrium zirconium
and/ or cal cium as describeéP herei nabove for the

B b i BYIBriSS, apd BME-16r as well Th eartilagstindnsinesficiofb seudage-
1‘%18&88% k@ oc];ste%ﬁ% bifRfuct Waét&r tcgﬁage% nEMhsi%c&P fnd 8§te%gemn
nore heavy S SUC Pr

Altbingtively as, d@Sandlthm;J mtnleadesn abpabﬁe oEamHu@ﬁgtatme upsteeani or
ied onto the magn?

nor e coat m_based
qwrealeﬁﬁ%‘ag?f{ 3 Qﬁlﬁp far g Providedn Syeh qglesufes do nge any of the
n%?ﬁgdyﬁﬁaﬁé %k&&lﬁﬁ&s%c&ﬁﬁ%m%ﬁl.f eatures 15 of the

Icle.” Preferably, coat layer is nade of
bi ocolmgenetal, d Gipleys akentralmls jn fegnlating tipdue healingdmeaffecting

enbod,. t, the first. esj um based .
SRR Rioh. £oi® apliioR B BRI BPRER frothssis, BME, initiatep one
é)l’iﬁes@i@ﬁtwhlaﬂ @€ads Qﬂ%llﬁegl@tloﬂoﬁr@«lBDGF is an agent that increases
conposi tion-of -matter uch an article can be used to

8y pbplseady Antiegange in exdpisiognedernie thaetpoef ealiylar sgpdication.

%ﬁ.tfi‘e Ro%fﬂegér%eg &4 d&btfhffg& r?%’r: 12&8 atc‘eldti?&ﬁg ﬁnales%ﬁﬂ:e %Q g.,

ei ng 1 ncorpora I'na ayer.
aaminellien tissueher mbhpbe paidacaicdseedanesindnt peptidesmechani cal

properties attributed by the nonolithic struc ure and
the. abhis e aqtive subslangs cgn alfgmptiyel ‘«éf?ssqelalﬁz@es that express and

flcteid BiY SAwWRY FAdErs RREGHR ARALindtRYET ('ﬁQese 08 PRI ells that

COI’TpOSI tTon-of -matter constituti ng t coat ayer. can
pedueagrpedeticoity afbmdesathsirdranalopaicuopal W@lamd Nouation
r am

i PREEERoFRRPE Pipticn SRR et S TP ap il SRprsS and

GRtedd the, grio@Ay 8tith at @slls WRIH Iy eohdticaRE nidllified to express and
pol yl act| des, and the |ike. Such coatings can be

sgspsite the epyvihdnsiaiss Swek plicroyeB&nownantheart. f or _
exarr‘erﬁe a&m%ﬁbgﬁﬁ% o ?graﬂc@ be %SEP%r@gQMtor cgp?. : iégttg%)ﬁ{rggenitor

coat i ngs on magnesi um an

cedly) ﬁ?sMs kno;il’m.lﬁmﬂib aoff nadhhdtey& aﬂéogkﬁtmmbpdml&% G206 harrow
tg 30 confer

d .
Bises ﬁﬁiﬁ:.@?ﬁ?iﬂg}%&g% et rminzectliia, Bi sEgRrogepitegells can
&quﬁ@ %ht@%e@%ﬁfé%ﬁr&ﬂg cKitdsds g%n@/t)r Lige g@hfc‘ shdnf? ?ellsﬂﬁé’tsform

for exanple, in cases where the art I's or forms a
@siwprog‘enaqr lcdbsi aﬁlﬂabbﬂeajmgenéor seithcan beaisolhty ewsimg finown

b t h t | t
PR BYEE b 5eaiaa (o8 RrEyle 1t Bl oo iThompeon ot ol
(19D8 Ak 08 20),%hidlﬂé@e2910210b@§§§@1(6hat et al. (2001). Such

CT/1L2007/ 00
cells are preferably of an autological source and include, for example, human

embryonic stem cells, murine or human osteoprogenitor cells, murine or human
osteoprogenitor marrow-derived cells, murine or human osteoprogenitor
embryonic-derived cells and murine or human embryonic cells. These cells can
further serve as cells secreting growth factors.

An additional class of active substances that can be beneficially
incorporated in or attached to the composition, articles and medical devices
described herein include antibiotics. Preferably the active substance includes an
antibiotic or a combination of antibiotics which cover a wide range of bacterial

infections typical of bone or surrounding tissue.
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30 is resorbed. The coat |ayer can be further selected
SO as to reduce the corrosion rate of the article, at

wo e@3ti2zser i ng the first period post inplantatiPCI/IL20072000520

preferred enbodi nent, the porous conposition-of-matter
IS a porous magnesi um based conposition-of-matter,
preferably as_descri bed her¥ nabove and 5 is refer ed

to hdPeEmplessof swiablh antikighie sirggs whishcan be utilized within this
n & d M RARGEL
SO o Sle T RmIRS SRR AORERHUTIARRS of he
mnpglymeapemmﬂm; eephabsspariaeseatitsanthedc pérdciiing and quinoline
[ ncorporat ed therein. Alternatively, or in addition
¢%%¢%he above, in another enbodiment, the core and the

coat papesi )th@b&s&ﬁ' lﬁ%&ﬂns&ﬁﬁeé BRbn@hi6@ 608 ORbIALSn of
of the coat |ayer(s) corrosion rate of the

mb@tllcawehlclap@vqmaf M@dfe mngﬁrqfnba@tﬁmaénnﬁeﬁecrns typicalsof fone or

row el |l ed se e Qf [ t
biBe Bl REesfrepRl oE B PP e i o2 R ety
xemsbdummthe @@ﬂfohearas@lebtwerl c or ceramic material,
as descr.ibed her ej nahbove, optlonally and

pr ef efddfignal expmples of agfiee SHbsifgPes thaigrass b Rensdisisdly used in
tflfénpd?ﬁé)&'&r\tﬁe E)fres@ﬁt Ergf)o&ﬁl%hﬁgmgfuﬁé foﬁ{r}_& %r ?l t@% 11?[0‘(6 s,

I'rst nagnesi bas conposition-o
dnzyies)eind nas-palysser(d.g. tshiatldnoleude therapetiics) agents such as Ca-

nesi um based co sition f mat t
R S o R b HpR e e et Ra R et adents,
&%Eﬁ@ﬁﬂlh@nﬁfoﬁﬁtafmﬁt eéndo%hﬁesl‘éééﬂ@&d ARASInibts, €afiftic  oxide
Qﬁg@char acterized b different corrosion rate.

@@ang nmgdlscales, hmsénqﬁab@g@ts t AEEc onhibisren A di-ecceptor

Sltl ns- of - hter can ntrolled
aglﬁ Rofing TREEL o AOSIAR: < TRIEEs B A uloR Rtibitors,
@apoitiond ?atham;a i derlat by, dﬁﬂ@mygma@g phihevag anliiBRérsphattae and
heav enments. In an exenplary article, a core |ayer
HhsHp sqgﬂc@sﬁerqlgq, lingeenasenngthyey inhibitors, leukotriene réceptor

! rmﬁfs'tst L5 st?@f Eeh &‘? s@%@ﬁﬁé 'i’rﬁﬂlin'&% 6F "\‘fl’cdﬂg\ﬁ fg’g:kcffbAM 1

& cont ent o I ron, exa
iatetacdionsg qirodt@yzmdmsmmrl ranskegs theswo(, crnabmldgnge activatioa :peed/enters

REBZEA it TRl ois 3 ApRecmEs Sty b reprcicel

&Hs\/e%ige}s%hsfaha@ NghehisOffFectihpSvariBad gtANA fa¥told ¥1f1é1[1§1hg FGF
degrade at a relatively slow rate and upon i

Ry asagantn PDﬁfefecqrter mtg@nnsm, IIGF mdmaafd@eﬁ@sféf B satbway

ReRBLER BERWRERRATR ol tetEvhg Bty O mhofFR A2 R A2

PN ANtmo&ilA6R, iahd CHIRIA EFroMirden kifage HARIBItors), MMP pathway

inhibitors, cell motility inhibitors, anti-inflammatory agents,

antiproliferative/antineoplastic agents, matrix deposition/organization pathway
inhibitors, endothelialization facilitators, blood rheology modulators, as well as
integrins, chemokines, cytokines and growth factors.

Non-limiting examples of angiogenesis-promoters that can be beneficially
used as active substances in this context of the present embodiments include
vascular endothelial growth factor (VEGF) or vascular permeability factor (VPF);
members of the fibroblast growth factor family, including acidic fibroblast growth
factor (AFGF) and basic fibroblast growth factor (bFGF); interleukin-8 (IL-8);
epidermal growth factor (EGF); platelet-derived growth factor (PDGF) or platelet-
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heal i ng process. O her conbi nati ons of a porous or

nmonol i t hi ¢ magnesi um based core | ayer and a porous or
worenwel1235Bd ¢ coat | ayers are al so enconpassed hRCEIN200WWD0520

2007/ 125532 PCT/1L2007/ 000520 31 As di scussed

her ei nabove, the article can advantageously further

conprises one or nore actide substances. The active

deuiyed andetbelizl rcebegravtlaédvtat (FO-BLGH)n trengformaing dzrp vithe fastors

et #gibeth EuRhte PR R ous BRI A a2y A hepatocyte
HBWRATEt E@GFﬁsgrgﬁuﬂ)&ﬁe-%Faﬁirdg%ﬁaﬁ 2§foﬁf/‘ CRimulathy factor (GM-

nmenti oned herel nabove,” eac ) ) . ) ]

COMp assulinogrewdh fagier b (1GHd); agngiedeatn; angittopine dnd elifrim and
can. be .advant ageously utilized for form ng a nedica

IB@%F?Qn fid particularly an inplantable nedica

devi Cion-Tifiting aee@pisN®ft eymkinst bed olsdeskingf thdie can be
present invention there is, provided a nedical device

Remplrialdy pprd aedctivesubttancss 81 Hrs pomerhfibe PraseHLirkpdiments

iHORRO Hnlo2Bno baliRAiR] BERRC TP IRIRNR, LTOfMBIFeR, FGF
evi ce C€an I nclude a singlé maghesi um base

tleeitp GsCBF 0GMBCSFn@ROe Hirudin, (GAMydy N IENH, iIGFdy 8GRI, IL-1,

Fetndbab il 1o Behnbraatrel. tafibal SoRe.SFhfckfie-1o,
T 1 8 ORIBRS e NF-8f PDEF- B GF-B, PRE AV1t RANFES SSGH-LDEF-
herein can be beneficially used include, w thdut

B.iIE-at TOH-B, JNdt-sond ¥ég¥Msl st apl es, screws, pins,

tacks, k.0ds.. SMt ur nch , nast i s .Glips QF

ol uge A 4iRR ety loes thafison BEBRnCHEly elized o iy context
@tk tprese@vérBBSdimaits ifoledy sdnetit Aiersteutit Sgedte€and pvdti€Ssuch
bone-fracture healing devices, bone _replacenent .
afaihazymes,; tireniceRnl yrie et desrng rabgnuclgotidefecoding for a specific

;]Srsg@éﬂ ?Frf%ﬁdd‘ﬁ% ALY BERnt AlkIdE TRAPEYH dhdiS DNA, cDNA, or
ndwel i ng dtterial catheters, 1ndwellTng venous
RiAhdthe pelynunieetidesan beapovidad ist'ralted! fomaohaatommbdittnswith
esophageal stents, urethral, stents, rectal . stent
GERROTgrRr i SRRk A e gh AEPOD dpelsaedes. These can
aieas pNA %&%Hlédfﬁl@ a86RS Eh@@lli 83 hishRSHUAR-irfFédB8s vOASS WRh as

prosthetic filters, vascular sheaths, venous val ves,

dagngids,dipids, ippbsomes, eatidnigipobgnerg Bnd\ceomiti hgjds)and viral vectors
referred enbodi nents of. fhe. present..i nventi on the .
BB B e ORE LTSS, pivieled Jihr v W Rrabics Pk G et like
ke Thel &Bctds mahp Uurthat have nkthelebdt eptide targeting sequences, anti-
sense nucleic acids (DNA and RNA), and DNA chimeras which include gene

sequences encoding for ferry proteins such as membrane translocating sequences

("MTS"), tRNA or rRNA to replace defective or deficient endogenous molecules
and herpes simplex virus-1 ("VP22").

Exemplary viral and non-viral vectors, which can be beneficially used in
this context of the present embodiments include, without limitation, adenoviruses,
gutted adenoviruses, adeno-associated virus, retroviruses, alpha virus (Semliki
Forest, Sindbis, etc.), lentiviruses, herpes simplex virus, ex vivo modified cells
(i.e., stem cells, fibroblasts, myoblasts, satellite cells, pericytes, cardiomyocytes,
sketetal myocytes, macrophage, etc.), replication competent viruses (ONYX-015,
etc.), and hybrid vectors, artificial chromosomes and mini-chromosomes, plasmid

DNA vectors (pCOR), cationic polymers (polyethyleneimine, polyethyleneimine
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pl ate, a nesh, a staple, a screw, a pin, a tack, a
rod, a bone-fracture healing device, a bone

wO0 eplazssent device, and a joint replacenent dewi/me007/000520

The medi cal device descri bed herein can have at | east
one active substance 30 being attached thereto. The
active substance can be eit¥er attached to the surface

@ED ghb copojostausnch 48 @alyedwpBEL and nolyethytene exidediEl} peutral
case of i ased ¢ SitiQ .
0B8R £ 2pESERY T FROPRETARD, SRR RERSRLH, Mo fiees an

phaseiclactwive sdsviaiae” tagsiap BeguedcdsOlsachil & the protein
compound,  conp 3)( adduct and/or conposite that exerts
Bt GHOR PR BRIcl ol D 2007/ 120980

PCT/ |Mé?%§&gthe%eﬁ‘t@é hé’énté @Eicﬁ WeH b@%_e%%ffz{i?@ﬁﬁgeHQH this

activity, agnostic activity, bioconpati

cmtaxd sf the greseat émbodigehtatinadnde, withoopiolitation,y amino containing
drgphilicity, surface nodification, aesthefic

Bl msutS e R | PRD. At | YRt BaKUHEI Tl x (S

dadhQtypaayiDickoraditivi hithAkecldles mitotfyeid €dnfiR@nBiREELAN 9-amino

i nterchangeably as "bioactjve agents”,

capipiethesie Lanisaperiinaaitingmysige N gicetyl spevavidineelr(3-eldprogthyl)-
tJ. Lakst r |cal l ' agent s¢'.. ..

i SuRATRA 2 byarsbio ORIV G, | MFE, 300 Nerivatives

thereufys ‘hydrstyotdoataitieg atkandibéapedicd dgeatsudach &Or etoposide,

exanpl e,. genetic therapeutjic agents on-genetic

Rt BeRiR ENAGeATNs ORATFCEE - amino gpppkatherdn. Agelipgel, deaetxel,

%sgeﬁﬁﬁgfng ance W Bhy; oﬂ-ﬁﬁ?&br[n'féﬂ @&éeﬁﬂ-&%ﬂ,@ﬁﬁ%ﬁﬁ -one,

SI y or in ‘conti nat’i on: m " bi oact’l ve
angeitirie, imorphelimeddaxubich, tviveripiies end vitblatine] end aleswvatives

i ncl udes, r adi oact.i ve terjals ich can serye for . .
Papheinkds Stibig S il SPaS it FibSen opraining
dRploiiRyipRaibagdntsul tissues such as tunors in the

| ocal _area, or to inhibit growth of healthy tissues,

such Esempayurpanitersidsht angppflanemetosns agems agvhich can  be
BUBABEHP ed 9 HECediPe 5! 88" prTEd: UelBaiRhts include,. withous
radi ol ragi ng. 1 epresent ati've exanpl es of bl oacti Ve
hganich, bkishms asuches paorichml Bbkitam| eaoxioanaswibxicam, hed CP-
ﬁggyositi ns, articles or. devices described herein

“a delicylajgs; presias| aspiinatliselidy BrROTYISwiH IS FSERTHE, Solprin,
BOGRES, SME RerRSs ! QR {af H%@ativeﬁ lrbgch IR RAB/EAL Fenclofenac,

prot el hs, and osteoprogenitor c
indgiethacies isslipfaondblmeain, isytephd,nfspfenhemikpimes,, zidometacin,

?g:gtena ' ﬁ)it, tsff:@?efzgﬂ %S%neg)glieag,g E:lrinffﬁfel[gcl‘g g(g}%ei{t@g,r %quihagra?r}de i(gt%folac;
RAAhatbd, Ssa8 N8BS mBRhhRIQ! bfetlof@ahli® 0 EenamidNt hid8R%e, and
anti depressants, inmmunosuppressants, anti-hypertensive
tolferangic agifl$;- propionic acid derivatives, such as ibuprofen, naproxen,
benoxaprofen, flurbiprofen, ketoprofen, fenoprofen, fenbufen, indopropfen,
pirprofen, carprofen, oxaprozin, pranoprofen, miroprofen, tioxaprofen, suprofen,
alminoprofen, and tiaprofenic; pyrazoles, such as phenylbutazone,
oxyphenbutazone, feprazone, azapropazone, and trimethazone.

Exemplary steroidal anti-inflammatory drugs which can be beneficially
used in this context of the present embodiments include, without limitation,
corticosteroids such as hydrocortisone, hydroxyltriamcinolone, alpha-methyl

dexamethasone, dexamethasone-phosphate,  beclomethasone  dipropionates,

clobetasol valerate, desonide, desoxymethasone, desoxycorticosterone acetate,
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inflanmmat ory agents, antioxidants, anti-proliferative
agents, antisenses, anti-viral agents,

W@E h@moedser apeut i ¢ agents, co-factors, fatty acPCBIL2007/000520

hapt ens, hornones, inhibitors, |igands, DNA RNA,

ol i gonucl eoti des, | abel ed ol i gonucl eoti des, nucleic 25

acid constructs, peptides, ﬁblypeptldes enzynes,

dexempthpsonss | dishiojisones hdilossone ~ dipgplates ofliflveartolone  valerate,
k S

AP BRIAETSRIRAERL xR RIC! bR, HihOMIRe pirsse

iddosamiinee sutoatdenc ﬁaodnhamde anflieriignebugleadetsy fluocortolone,

nco rated_or att edtothecrrp0|t|ons
R (L AR wetlens, o heleingpide,

BRRIRS 0P dAE D %&%t | NGyagRBLiRond Ne Rty ) Udﬁmetl{y@ﬁredmsolone
exanple, growh f actors such as but” not Iimt
trigmg nomnleu Rectoyrideat Rottizenesr cartqdogpnel ) flutatenidé,o ﬂmiwgorusone

f a rob a 0

e Rone, Adehic Rlicnlongonhidiodariiele, SfutbdY Nipsgtare
fgradicndlofX at@bidde, BrHE’drglsorﬁL\/Brn%lnaEé‘YPaﬂwn&fYﬁ’e SDetdhth&one and
tg r-1), BI\/P7(031) BMP-8, BMP-9, BMP-10, BMP-11,

alppce pf/ps fgterwlzm¢@%szdﬁ@m¢wm/a@%@z glocgrtelone,

I

%gérg% [ ?(glge e-i ndé%é? ngqf ‘act (gl r- caér{% I agfg‘-d"m%‘ gﬂumSOhde’
flardmethBlonest ebipdralowtci lﬂgpfeanisorone col H}ﬂg{mbrtg;bnm hvalerate,
f act or .and oste? enin. Alternatj vel in addition,

QOHHWEC ¢ apSPBHIRRBIOERg arish Ricor  meprednisone,
ﬁf?éﬁﬁ@thﬁs%ﬁ@“ efpﬁ‘&ﬁﬁsoﬁfnea E}')\@dlﬁ%hebe RcthdRsonSUCH; Iprosplonate

nol ecul es i nclude any of” the hedgehog” protein
Tﬂmmh@lwarsimlx@udﬂhgrepﬁem I'n general TGF pl ays a

cort roahitid bR, o QR FenR B e TS of

thy pidies esnboawent:mnbhﬂb emtﬂ@ﬂﬁlml@ti@h,e&s&bﬁbﬁb i CHtanBAdY and
to cell replication, and BDG- is an_agent_that

ithealtearearbyhesipryiof )fa‘@f agifly, cgerbiscadid derguativgs (he-o rgepesium
e%s %I%gggl I%El& 5B 1u gr ov\{)}ﬁlcﬁﬂé h@tg LER %drg%{a)f ltgcé%lherol

escri ors nmay
(vitemira E),atdsmpﬂenslosmbﬁe;( e)ogpherohammb; arhet iestersedf ascophgrol,

b d nb .. Thus,
itdnobdran altearaiat | vuy B0 chri e yBUS ¢ fRVERHASES
t@@@knetﬁ%ﬁﬁﬁﬁantil@argas%h a&ac BhEndeRay | Radatle rlﬁid@? RRY Grade

These cel I s 1 nclude cel at produce growmh factors
o Trodore 9, galblési acid eadh sﬂs@ﬂaﬂ ieotarsf nespmmllgprwl asltite, uric acid
t| on.

LR ARt e e s 6 P i en oo
N Nmmyﬂm@{mhe C ehnfnonhiaaiting)e g@mwrﬁal éompraids | g6lg.,
élgtateh)l(gr{etiscﬁh)?dr;oxy fumaric acid and its salts, lycine pidolate, arginine pilolate,
nordihydroguaiaretic acid, bioflavonoids, curcumin, lysine, methionine, proline,
superoxide dismutase, silymarin, tea extracts, grape skin/seed extracts, melanin,
and rosemary extracts.

Exemplary vitamins which can be beneficially used in this context of the
present embodiments include, without limitation, vitamin A and its analogs and
derivatives: retinol, retinal, retinyl palmitate, retinoic acid, tretinoin, iso-tretinoin
(known collectively as retinoids), vitamin E (tocopherol and its derivatives),

vitamin C (L-ascorbic acid and its esters and other derivatives), vitamin B;

(niacinamide and its derivatives), alpha hydroxy acids (such as glycolic acid, lactic
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secrete the growth factors. Such cells are well known
in the art. The active substance can further be

w@gioeopysageni tor cells. Osteoprogenitor cel | SPCHBEL2067/000520

known in the art, include an osteogeni c subpopul ati on

of the marrow 20 stromal cells, characterized as bone
formng. cells. The qsteopraogenitor cells can ingc u&le
a5k dertsici it omalic e FigFic Fids fser andebetn dWéFOXélrﬂfl‘“kﬁo peh as

sali&McGeld mdidhétikdor m osteoprogenitor cells. The
ost’eoprogenitor cells can be isolated using known

pr oc dtkenmgpdary dormesasrwipel carf be benefivpdlly, used iBthis eontexitof the

| . (20Q1)., Th t.al . (1998), Amit et al.
iR Frvehing Br vk it bgntah atdhbee Btgpounds and
regikn - ¢ db &irhl 85 aha@hPiRiRicatiey ffdrevferant, ohBbsidlone

source and include, for exanple, hunman enbryonic stem
acelptes | apdreptaronsr mieRiaRAtdstadprsingens t benzeale| sandspgterqaediol,

a%rqﬁ%é?&l%dio‘f%t-e?c%&”ceogS&lr&é’céro iBEY"?-QEJt%Xe%n‘&ng{e AW ! g-el 7-
or hurman osteoprodenitor enbryoni c-derive ca1san
diacetatne amdrustaonediditlycheneoatel | shdrdstassedi@lel s andstenedione,

fyrther ser s cells secretipg growh factors. 30
stengtial %qﬁa@@emﬁn estpRpaCs BN ReRg s gsicipge sullate
RERBIthEdIShd Y drdhSRdRynat gw%rgei@na%, At AcheAort oﬂﬁ&S{r%eesgerone,

conposition, articles an di cal devices "descri
rhadmionei phdnpdepiensté, bhcodidene Beedneatablngndtobnaclurylpropionate,
su?s&ance includes an . antibiotic.or a Bonbitgati on dofl
TRRFTORIISt i & IRCRHICB ORIy fRNAIRlgRe of DRAQRtS; | oflandrolone

dgﬂlfoﬁéidn@mbé 1t6.2| anfdbosROER IR -5 st AN I-Péhzbhis S Uekanfdlone,
007/ 125532 PCT/1L2007/ 000520 34 Exanples of suitable

oxiyaicHiodanee  dstagezalph ch tesigpiasanayt i | testedierpne hi fleeariogte,  4-
ext. aof the esent odi nents.ipelude, f
Rk oRbrehly, NP IEORIRGRGRY. O Didi, | Pho-methyt-1o-
etektostblond , arde phainRsealidally £esptablynédat i ndpedlisCitletdol, and
and quinoline classes. 5 Preferably, the present )
combationn oftay ebdherforggringi desogessicl. advdipgsisteaenco pipmodiol
0 r n
L PRI, (ARG ATIE AL ARG oo
Rdefsgpadgesteront t hepmasnt i hicpéthimdrdngpes nobdtidhd@ne al&etate,

effjcientl rel eas from the scaffold are sel ected.
negdRodieh %BQ%‘BP@S ?gflma%ﬁt?%()%E@tﬂgﬁfe%@htwgeé%ﬂolﬁéeta&

BENEEdstdn@] n¥rdés@idndit, dlx%efhﬁ%t&oﬁ@,%tﬁ%ﬁgergﬁe, t{}?rt £BRE MYcetate,

enbodi nents include both polyneric (e. ot ei ns,
chlorpadigpna adetaien npgkstrod racetateg ngrgesgmmatel notdesteel] desogrestrel,
t.her aSQeut [ csg) a%ent S such as Ca-
trimegestone, gestodene, nomegestrol acetate, progesterone, So-pregnan-3f3,20c-
diol sulfate, So-pregnan-33,20B-diol sulfate, So-pregnan-3f-ol-20-one, 16,50~
pregnen-3B-0l-20-one, 4-pregnen-2083-ol-3-one-20-sulfate, acetoxypregnenolone,
anagestone acetate, cyproterone, dihydrogesterone, flurogestone acetate, gestadene,
hydroxyprogesterone  acetate, hydroxymethylprogesterone, hydroxymethyl -
progesterone acetate, 3-ketodesogestrel, megestrol, melengestrol acetate,
norethisterone and mixtures thereof.

The active substance can further include, in addition to the bioactive agent,

additional agents that may improve the performance of the bioactive agent. These

include, for example, penetration enhancers, humectants, chelating agents,

preservatives, occlusive agents, emollients, permeation enhancers, and anti-
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channel bl ockers, serotonin pathway nodul ators, cyclic
nucl eoti de pat hway agents, catechol am ne nodul at ors,

we@pwontssBi n recept or antagoni sts, nitric oxi dePCT/IL2007/000520

donors/rel easi ng nol ecul es, anesthetic agents, ACE
inhibitors, ATII-receptor 15 ant agoni sts, platel et

adhesi on i nh| bitors, plat el & gregation inhibitors,
ierganie hhese aes FYe FRsaRIbatedt WlthbP oy 9éaRgEUY 80 \REgan

Hlea bi &ﬁﬁﬁ,thggglyﬁ@}fﬁm%%‘g%&etl c corticosteroids,

xygenase tors, |eukotriene receptor
ant aduprstsatient agomlat ofohukectantd Fhdaedeciiithsut limitation,

i nhi.bitors of VCAM.1 an i nteractions,
gypydingg elyek, ag oan&n%lveoggfe% i%g AREOPBIH a@é and quaternary
all&f! @t drfin @51%‘)V ﬁﬁkevreﬁa mz&y%s%ﬁe%f@ . o aloe vera gel),

i nhi bitors, fish | s and” onega- 3 acl
aflewteing awazeks, poéﬂWeo?@fealsplmu ispsti aarspdaltob,gglncqol hexanetriol,

f di
ey B g o ns bl RSHRE el e e e
ghgoly SsugaiG:alﬁd Sﬂﬁbﬁé&@)&uﬁﬁg QA SstarBSF ARV (@Qerﬂlﬁoxylated

TNF-a pat hvvay agents ronboxane A2 [ TXA2] pat hway
hisaE0)at oPEAERE pr BUbi n IagiABKINe. KReaETORMiBR orasptamide

Iﬁ%e@l@ﬁ@%ﬁynezaid'aﬁp'cmnﬁ)ﬁ{aﬁon aRldogmotility inhibitors,

anti -1 nflanmatory” agent
ant i p¥ool-lichainat i veémmnpleneopl afti c chelatihg, nNaetx include

e OS|I|on/or ani zat.i.o hi bitors,
e esaer i, sid (PP SR WRBieieRest gy combination
tﬁg;g(g{i ators, as well as integrins, chenokines,
cyt oki nes and grow h factors. Non-limting exarrpl es of

angi dfenlévitiepxemptasrod ochlasive agerbenmhxdefpetmhmw mB@ral oil,

a ubst anc t of th
8BRS HEE Bl B B Eaeet papraced and
Lgﬁaiwfafedffal@}t flcololESich Brbehas Ulodhol) B daitbbid such a8 t@lalane,

(VPF),; menmbers of the fibroblast growth factor

apd yefigus Jmpl ndhveestably eily sush g akmendpibyidenut oib tvereat germ
AlGGE f

PR (9854 PIL bt pRBly B Ml Ll e ity s,

spdaateedeeds, daapselssmi/j Ic%gmmg?ccg‘g@grpegdg?)oﬂp pgmi}aéeal ﬁﬂl I M% oil,
2007/.125532 PCT. . erived, e elia

cagPy Olé Db Gl P APIB ower ol SPEATRE RY B%@wﬁ oil, olive

of[26tapE SeeddiRha sﬁﬂﬂoxp@lts@eé dfgr-a, TG--13); tunor

necrosis factor al pha (TNF-(3); hepatocyte growth

f act (NOD(IHGWIg gﬂi’(anlpllﬁscyttfe amdhcmh ageladsl ofndecane, squalane,

t|n i nsul.in r-
Foe s Qb ST oISt 1D Petincpetiglatum,
l4tiotia} éafasweleoil, N@ﬁof bilj ddcBfutiR¥BlE ke oYMk IRSe! 3Nd palm
chenoki nes that can be
oil, peanut oil, soybean oil, polyol carboxylic acid esters, derivatives thereof and
mixtures thereof.
Non-limiting examples of penetration enhancers include dimethylsulfoxide

(DMSO0), dimethyl formamide (DMF), allantoin, urazole, N,N-dimethylacetamide

(DMA), decylmethylsulfoxide (Cip MSO), polyethylene glycol monolaurate

(PEGML), propylene glycol (PG), propylene glycol monolaurate (PGML), glycerol
monolaurate (GML), lecithin, the 1-substituted azacycloheptan-2-ones, particularly
1-n-dodecylcyclazacycloheptan-2-one (available under the trademark Azone®™

from Whitby Research Incorporated, Richmond, Va.), alcohols, and the like. The
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beneficially used as active substances in this context
of the present enbodi nents i nclude angi ogenin,

w@adoeilessgi n, ECGF, EGF, E-selectin, L-sel ecti nPCFE2007/000520

FGF basic, GCSF, GWCSF, GRO, Hirudin, ICAM1, IFN,
| FN-y, 1GF-1, IGF-11, IL-1, 10 IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-9, IL-40, MCSF, MF, MP-1,
nerpedtipn enfpgeen ayNGo bhaiviegethlile il. SDAFodls irRDEE, @ example,

el PRt B8 AoUe Subst ances t nat can be-

benefNen-Hhlitinguésanipledof ti-hiianEombRME steddiddlnmdpicdseroidal
enbodi ments i nclude genetic_ therapeutic agents and
JpHigplammatagy, agenty gr giher msgsriake suchagst aloe wej@echamomile, alpha-

RAYIY ,Cc%hepﬁlggfg}%@lﬂ #E%gﬁ@é‘&tﬁa%% Icg%o eeldl ili@@ri{ it all:aréts)in,

specific pr Ing re i nant nucl ei ¢ &ci

caffeine as othenraitkin®\Alycyhixic aid akiNds dekhatipesl ynucl eot i de

can 3§IE§OVlded in . "naked" formor, in_connection w.th
O -

vect QY e Cxmpled H ARTEsR vathes B lHfe Qg pPTe L2 ligtnols,

BRI CEBPAI (aS1enbaRHANE AtraacEtaley AEDPNA SHRMASTANBitty acid
agents (such as histones), non-infectious vectors

coainghteasisobiagplinomed parabénsi eish dsi pothplpesmber and mﬁmwlparﬁben,
lL.onic lipids) and viral .
BT, BB, S0 obrd 0BHTTeF Bl f AagbBREGIL e B any

a Vi ruas- €

coaibinations tetef.t dhactcohipssite VitFARE) - acEh@inge Cth Othd Bresent
fyrther have at%g&hed peptide targeting sequences, . .
Imergaw patfiquiatky bespticial when Hig deausy to speppse bioactive

a%@ﬁtg‘%\rﬂal f@gﬁi‘f@déﬁ&ﬁ UG HHER Snd ﬁgﬁdiﬁ%gglfd \%Hlt%IH %éﬂ]rg)t §Qhin their

erry protéins such as nenbrane tr oca
Belqgiealc esd/2b therbficBiiy, adtRM} i exjiéd tto caplitirs such as heat,

(ﬁgfectiv_ r defigleTt ndo noug nglecules n3nd
BIASHS SHoRness ond Olients. gpdlon jothet, Aampgipg SAnARionsg Such
DGRtV radknty eiﬁ&lfqaé,, fdﬁhéﬁﬂxﬁé}npéiﬁdgé @A%ﬁépﬁh&y %{2@%& Rmino

this context of the present enbodi s include,
agidsh dellysSapehiatides, ogroval e fastdrs,u desmonegutandierngiogenesis factors,

R T A e VA S

| ent iDiagntB€s aghits pASHS utllikeXasvactivs subanéey i 118 Bohieeof the
cells éi”e., stemcells, fibroblasts, nyoblasts,
psgsesy pmpediments eithg perc y¢ 65 In cam@inghpn (ithed bioaskise agent, for

; e, etc.), replication conpetent
I@%?ﬁﬁégﬁ?%ﬁﬁ§bg§@§%'etc.),)and ﬁybrid vecto?g,
ar t i fdiagmdstic hger® aonelso anfbrmei no -leksin insehmsgeaplyasntlabeling
DNA vectors | . .cationic polyners )
PEPYREHY @H’%B?%%fi iB Pg}%@r@fre@a{ﬁqﬁnﬁ@tw 9 @¥he Bish pan be
id&ntiiel 2RR7 HAAROBY a IRtdcE! hsiflf AldowTORILMIIBES SYUE As Apectral
pol yet her-PElI and pol yet hyl ené oxi de- PEl,” neutra

measurements (e.g., fluorescence, phosphorescence), electron microscopy, X-ray
diffraction and imaging, positron emission tomography (PET), single photon
emission computed tomography (SPECT), magnetic resonance imaging (MRI),
computed tomography (CT) and the like.

Representative examples of labeling compounds or moieties include,
without limitation, chromophores, fluorescent compounds or moieties,
phosphorescent compounds or moieties, contrast agents, radioactive agents,
magnetic compounds or moieties (e.g., diamagnetic, paramagnetic and

ferromagnetic materials), and heavy metal clusters.
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pol ymers PVP, SP1017 (SUPRATEK), |ipids or |ipoplexes,
nanoparticles and mcroparticles with and w t hout

WO 2000823582) sequences such as the protein tranBCoL20am00520

domain (PTD). 5 Exenpl ary chenot herapeutic agents
whi ch can be beneficially used in this context of the
present enbodi nents i ncl ude; Uwithout limitation, am no

cont dPthenagtive ﬁé‘?ﬁw}@éf‘r %zsbm be begefigially yilizeddn this context of the

3@%519 n%ght%n 1{110%8 canl\{'n{ﬁ{tﬁdesued Progemes 10 the surface of
ace oru Icrn racyc tonyc

the cnmq)eﬁ‘yism narficle Dranedienl desiept mt teans nf famegpangict $rnoothness,

ant i cin, N8-ac | sperm.dine, 1-(2-chloroethyl)
hyigrophy ’d’i‘%etflﬂ%fﬂ%%a&ﬁf%ﬁﬁpgﬁ?g] zi ne, bl eonycin,
tal | y@aeGhd codPsLifisslofahined esdrbel 8Rfein RIEHE B2 gned so as to

cont ai ni ng chenot herapeutic agents such as etoposi de,
etxhdpt dinelc icontrollddhchaeetaristicsopet detaited diceiiabove, the present

t ot taxel ceta era

SRR b eBRE o oy et iBEY THEL: areBRBTE *BeihSun-pased
mﬂgmltloam@ﬂhﬁwteﬁ wWHISH led POsHO XA b:lh@taﬁten‘éﬂl@Cr Mhtis,NB) the
and vinbl astine, and derivatives 15 thereof,

courseh 98 rorepastnat dien cRgPesdoRst Menalirsudeseriberk rhezeimnéhe present

0 h t

BRI RO ThALNLD0 0y BRI SLANRYTLF oRBRRLGR, llo s, b
watrolied bpssiadtingithd tonditkmd fmfpreﬂmrmgcthmhlmy@ of the

pr esent enbodltge s i ncl wi t hou limtation,

oxi calfs EoaTelh ARES; € rﬁlagrgeéwpb ¥t o xdctapned by the
ORPRNEHE T t@bﬂlo?%na%elf’elé’t% anSRintsCHERDE She §H& Bh@shape of the
aspirin, disalcrd, benorylate, trilisate, safapryn,
gainpin the aldoyf anch theadriangerderterfcibe @ra;mauethecmmn@talhc phases.

di cl of
AR BBt s SO 5 eSSy SR aters, 408G, 21 G0 sqisplling these

parBREBACso & 10 QBRI EIaPnesiiie SN saGikiNdesirod thag@sristics.
zonepi rac, clindanac, oxepinac, felbinac, and

ket orldeuge; acqoaiingnie @8 adgiionabaspeeif einthgipresent invention there is

acl 1&8& %glfﬁ'%l Sr?ltfcﬁ{ él&?%g] der agh{ I#lg‘é)‘ése éog 1tlogl|l§pf?g%[gr " The

prag@seXe rpenen etieptedf 8N casting rd infix ke mhld&eb@mp@zfee nat least 60
fenoprofen, fenbyfen, indopraopfen, pirprofen,
‘af%&g'atr BYTEFHTS Siagpedymnto fe a;pqt&'«zl@rﬁ mREReSHHBgaining cast; and
JubRXARE IHEMagtlRLRL &fhtaini greagpm of ﬁﬂnuﬁ:ﬂ% Lo AR EchSdure,
pyrazofl es, such as phenyl But azone, xyphen utazo e,
Whiph aczcmmseazapteapfamm esxtrapidnt weateehiazodeat B@st one pre-heat
Ex§rrngHary steroidal anti-inflanmatory drugs which can
e PEteti ci al | y wused in this context of the present
embodA §reyWell kRGha e the\irt Métailuﬂgyt @&stiffis a production technique
corticosteroids such as hydrocortisone,
inydrelx ¢ metalone miter of nmtq)h - hreatedyuntil it is molten and then poured

into a mold, allowed to cool and solidify.

Casting of the magnesium-containing composition can be effected using any
casting procedure known in the art, including, for example, sand casting, gravity
casting, direct chill (DC) casting, centrifugal casting, die casting, plaster casting and
lost wax casting.

In one preferred embodiment, the casting is gravity casting, performed at a
temperature that ranges from 600 to 900 °C, preferably from 700 to 800 °C. The

cast obtained using this procedure is typically in the form of ingots.
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dexamet hasone, dexanet hasone-phosphate, becl onet hasone
di propi onates, clobetasol val erate, desoni de,

waele®onysser hasone, desoxycorti costerone acet at ePCEND2007/000520

2007/ 125532 PCT/ 1 L2007/ 000520 37 dexanet hasone,
di chl ori sone, diflorasone diacetate, diflucortol one
val erate, fluadrenol one, f4Zcl orol one acet oni de,

fl udrIO@o@ﬂaexsmnierreﬁ embedinenttbe pisting i direct €hillgsstingl Shecast

ace u | uc ne plesters,
T u'téeggursg thlsep rS’&e{l P%q? g)gﬂcaclil & nlé%(efiilo 2 § Hflts I"dene)
acet e, cakting pfd&é@ﬁelsel&ﬂ;ed hat ahéeshdi@onsdby which it is effected

hydrocoyti.sqne acet ate, rocorti sone butyr at e,
%@Fﬁwﬁﬁ%émlwws ofithg agﬁ’é’r nol one acet oni de,

cortigpg gfoorr] g&g&gﬁo 5P ﬁﬁectféhﬂf @%@ﬁg gﬁocé‘dluféd{hg GREJIHiSe Rfterial

di f | uor o’ cét at e, [ ura
Hak letvarcsimet afgyaies dué fd alshm’tm @solidificatioat thpe. Low grain size is an

A PR B8 S e oRee e RRGSHs LB e preducs, and
185! Rirther SIRDURDERUN AR peﬁhﬁﬂiﬁlg RS IRANASy BBIsMEprocedure

clocortel one, 10 cl esci nol one i chl ori sone,

(gigr llowesmaensuties car beelilized dpidewer giain got)i de,

f1 uorgpe reg@glggge af wﬁ? {i?ll Qﬁagn% pHRES 01:8 QL30%ied also affects

hydr ocorti sone va erat Fsone

thy size pﬁtgie)gramﬁ p Iroﬁkgh'@on lhlyéifeﬁimfeitugﬁ&hﬁ alsoeiffeediht SomPosition
a ason pr.edni sol one pre ni sone,

b Gheatness iy di Prspingtasple. high iempetagie, mahgesult in an

i
R RERR O the ek TN S0, F YA o in
lmdb@mbleelns$0f she) d@rnpwantsodunﬂgl hhbtmfbcesm Basoyribiceseaovletre
vi t ami esters _of_ f .
8B de eaftane tiriogpisise g Bl Oeélebem%ﬁbséna proberties
oFShe rebth' et iy SureS 80 CAHERASC S¥1&éd RBOSPRRIRain the desired
ascor byl sorbate), tocopherol (vitam n E), tocophero
copption of beePRBr ol acetate, other esters of

t OCO%%r(i‘-}%jer &P“}ﬁﬁ(ﬁj}yéhéta gygﬁgzrogﬁ)\én‘?tﬁg 30 SaR' 98 BRfer affect

hei r ‘sa r oxy
th@pﬁopmbhwmbfmﬁbpmauaar boxylic acid (comercially
avallable u the trade . name Trol oxR), gallic acid

and ilfs? & 9‘[“’ Sihodiment, £pljoyyipg the o%&‘ilimﬁ‘apf #le they plleying
BGhds, ﬁ{bdoﬂtéﬁlﬁecfﬁ'lleﬁsis sl %%Etﬂ%z‘(ﬁtetgé metilefpBittle 2 Bbfore

Its sal ol ¢ acl d,
bNm&Sde@tﬂagi ltdn wirdmﬁgdtmm Sa¢h astttimggimanofiemiehds ®Ubwbyldvsls of
cor@ unds (e.g., 25 glutathione), dihydroxy fumaric

®and its sal ts, lycine pidolate, arginine

pi | olFf@er ?&%ﬁﬁlﬁy@f&g%@ ﬁﬂid?ﬁéﬁc iith mBite hﬁﬁ’tﬁfhoisC{ésted SO

curcum n, si ne,” nethionine, proline, superoxid
agj tondatersune éhld y"trmnnh of ttlega vasiowsacerspongntsp hesdii,nfhsie sadlowmg

aﬁﬁx {m &1636 amounts &% desired before solidification.

Still further preferably, the casting procedure is performed under a
protective atmosphere, which is aimed at reducing the decomposition of the
components, and of magnesium in particular.

A detailed exemplary procedure for performing the casting is depicted in
the Examples section the follows.

Optionally and preferably, subsequent to the casting process, the
magnesium-containing cast is subjected to homogenization, prior to the multistage

extrusion procedure. The homogenization treatment causes the spreading of
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and rosemary extracts. Exenplary vitam ns which can be
beneficially used in this context of the 30 present

wepdod2ssent s i nclude, without linmtation, vitap@nIIRoer1d0520

its anal ogs and derivatives: retinol, retinal,
retinyl palmtate, retinoic acid, tretinoin,
iso-tretinoin (known collettively as retinoi ds%,

ippgfieh aEl pigusgalbic ghasgsdo ihomageniize an thedwlk by\diffasiom The

- ' ' e d.oth .
I RSO E AR AT, A0 Bl st i
dddormasivh ued heat alepthentsy dr oxy aci ds (such as gl ycolic

acid, lacti¢c WO 2007/.125532 PCT/1L2007/ 000520 38
aci d, Hempgeayzation 5 greferably clfseted at @ temperatire @f ableast)300 °C,

A% Y A% G i | ¢~acid.and .
R B UL Rl EAEN S BB a e
peeioefdfcit dedsy 4Usrek, iplefeibly ORREXS hefirs! RRre PFESEBIY at least 6
enbodi nents include, without limtati on, androgenic

hoytsp BireiBrelgiably ot leag gdiaurnandompdniefstablicfor aout 8 hours. Inan
TemB¥r} PLOTELERBEinRRE RS ﬁgﬁm%ggniz%[bgnrﬁgaitﬁ&gcﬁg effected for 8

acetate, androsterone propi ona ndr ost er
hoarszaa 06 °Candr ost er onedi ol

andrggteronedLol-S-acegate,. . . . .
andr dst Biedrisaring the feme cexfusions slgpeihes pomaaifagtudng process in
Witk of flefal @F t 110" fbickd-REN% ie orifice i

anld( oster on(gd%%z,lﬁgt%ﬂ%slgef%% |Zone, H%?F%g{lgﬁ%dflot}l? same
dishijolr e pitasid ews gy io beingsaypliad (demyd rexepsiand bo $i el Reverse

L TR T SRR DR P TBL S o
tREBIMUhQR rBRAhE forMdHo8], 96 8redREAMIBLErod) ?d?fj(;rg% E'€The process

furé}propionate, nandr ol one cycl ohexane- pr onat €,
usudlbir encatse lonenlesgtheof tharfiad| ct and may be continuous or semi-

> . b t . .
SHESRS RARERS o SUnE perials pre; bt gy whilg i Biog e, cold
doxsymet hol one, stanozol ol, testosterone, testosterone

decanopate, 4 15 di hydr ot est ost er one, . )
5a- dith dRBLiees sxEweeme it isthersiorstaenat herpin thet el magesium-

PR @&h?&sﬁtﬁfnoﬁere?%ecﬁg %Hﬁgﬁﬂttb Cal L:)Ytrl?s?oqle Elto%g’#u“?? ﬁﬁgzﬁ{n%nt)
and salts thereof, an conbl nations of ahy 0 €
ahdrhegod mgrepdesdlyeotaed| thraaghraodiest Brefurably etdehneflibel extrusion

di acet ate r rogesterone, |ev rgestrel,
PR i R O SR TR Iy o ey S teeHisrgmpersture
aBd/r @). norethindrone, norethindrone acetate, 20

nor et hynodrel, allylestrenol, 19-nortestosterone,

| ynoduirthemnpreferahly.rife stagnetivmeentairdng cormpostiesisenbjected to a
N T ———
treaicht'eit 191RegR SHat BRL mMpYRItBASE hedted RESREREIEE 0f at least 100
°C, preferably at least 200 °C, more preferably at least 300 °C and more preferably
in a range of from 330 °C to 370 °C. The heat treatment applied before each of the
extrusion procedures can be the same or different.

In a preferred embodiment, the obtained cast is first subjected to a first
extrusion, to thereby obtain a first extruded magnesium-containing composition-of-
matter. This procedure can be referred to as a pre-extrusion treatment, which is
aimed at fitting the cast to the extrusion machine and conditions utilized in the
following multi-stage extrusion, and is optional, depending on the cast procedure

used.



10

15

20

25

30

tri megestone, gestodene, nonmegestrol acetate,
progest erone, 5a-pregnan-30, 20a- diol sulfate,

wG00pnzggsmn- 313, 2013-di ol sul fate, PCT/TIL2007/000520

5a- pregnan- 3( 3-0l- 20-one, 16, 5a 25

pr egnen- 30- ol - 20- one,

4- pregnen- 20( 3- ol - 3- one- 20- bl f at e, '

acet oklyp madfiriags| extasion greepdyreisepratoetbdy ghencsffpectedeasoiolows:
| h S et b WL Qne gcetate g

’ﬁl;/e d%gﬂé@%rﬁoeé(gli@gc? gﬂépggé@?‘gﬁge ’s{fbje&ec‘le 10 a ﬁrsg %?é ﬁ‘éja%ﬁg, at a first

teynpeaxyrae i ltipr pgeidaesdonagnéiych @syaBiiny lcompostasbbmater is
ficet a% g,t 3- ket odesogestrel, negestrol, nel engestrol
Cle

g supjected o A SEEANS: SHIIFION, R thershy rhiain aRathgh fsecong) prluded

ﬁ&éﬂe\éﬁmﬁH&ﬁ&iﬁﬁ&%og@asiﬁiuﬁm%a&eppI ude, in addition to

the bioactive agent, additional agents that may
i mpr oVke prechepang ardxestmsioofprodedutss oacbé vepeatgd s desitedsantil a

Lncl.ude, . for exampl e enetration enhancers,

ﬁ‘&?ﬁé‘&’i‘%ﬂ‘i@ e"éw@?i??fﬁgogztg‘awéé{ ta eservati ves,

occl ugi k&ﬁc\e/\%ﬁ@l@héd RIdirheR! SubRQhsMall M SRBADRESsion, the
and anti 2007/ 125532 PCT/1L2007/ 000520 39

Phtpined (esondyiextudedyeqmposition Isessubiseigg dalanetber piethsphirediment
r. f a . ped within the

%10 1)?/?%?1 ¥ @F r%t%ﬁ g&?‘h%i)“?‘té%‘%%ﬁ ("éﬁg} ee}!s?lglﬁ%glt i ve exanpl es of

humecThntuse ioficd uthdtistadet &atiisidn piocadure descripsd heiiéifeallows to

| ycolic acid and gl ycol ate salts_(e.g. anmonium sl at
Gl tag @i %Z%Wﬁ? ﬁg%ﬁsﬂq?% Bympanipulptyig te pxtrysion and

1Y t8htnieh cé(rﬁi'iﬂi(grfs}é tlf%fﬁrfa?/ :ﬁ)gngid(:? céh e ghtgﬁxseﬁ ef a@g%&t widths, as

allantoin, uraz , po roxy a suc
dasirbd,tapt at garyaye maikrostrectaress asidekired. phogiptissel ligrgioaiqve, these

t vl |, .h I lLycol . and t.he like,
Bellsapead Sompyenite Ll obatier et Bnglarodicy
St ar ChrefiRatly abdchest (R SxtrusibiK Wedindin®din Ghd6RI®Hage extrusion
hyal uroni c acid, |actam de nonoet hanol am ne, acet amn de

rocetvno st reafeonadrahe dieridmpeasature it martges fironh 30kl 450 °C, and a

S SRRl S R B ot
SRpIplaY iex@8sioR tredfient A¥ichAlet 9A Tablker B0he H¥aRmldsFeétidithat

exanpl es of occlusive agents include petrol atum
iellagpal oil, 15 beeswax, silicone oil, lanolin and

0 SRR B SHGHE L3P A s s

unsat ur at ed suc

8o asaropamrepeierady Sauadeow,.400a2ad various ani mal and
vegetabl e oils such as al nond oil, peanut oil, wheat

ger m Optienally; defemaption| of the pash gamb¢ perdprmedfbyapfargipg process,
Whitf is Yl s?milgl‘ﬂr {h Y kl%ﬂtifRfiagSet e@c‘frt\]lisi%n TJ%C%SS described herein.

As used herein, the term "forging" means pressing the cast composition in a
close cavity, so as to obtain deformation of the composition into the shape of the
cavity. This treatment can be utilized, for example, in cases where the preparation
of screws and/or plates is desired. The temperature at which the forging is effected
is preferably from 300 to 450 °C, and the pressure applied is between 2 and 5 times
higher than the pressure indicated for the extrusion treatments.

Following the multistage extrusion procedure, the extruded composition can
be further subjected to various cutting and machining procedures, so as to obtain a

desired shape of the final product. These procedures can include, for example,
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sesane seeds, rapeseed, cade oil, corn oil, peach pit
oi |, poppyseed oil, pine oil, 20 castor oil, soybean

woRdoz1zs8rado oil, safflower oil, coconut oil , PCEASDENN0520

oil, olive oil, grape seed oil and sunfl ower seed

oil. Non-limting exanples of enollients include

dodecane, squal ane,  chol esterol, isohexadecane,

mmttlmgmﬁbmﬂum prmedyugs,asrvsell greforgingtag described herein,
f QOil, castor oil, coconut oi

caﬁp%%ﬁ%gg aL# pa M ker nel oil, paln125 oil, peanut

oi |, Gumivheliy oid prafedaplyl thar Habd Ccontpoditat ebtained by the

‘Ngn vatives, thereof and_ m xtures thereof.

HstrgoPYTUsiPreRQRpiuES infuriben sibicatsd ip & SHessuelieying Bpatment.
Piléf’gpatbﬂy ki ifeQx kéiﬁvm%%@ient G i@%ctﬂ%d by ﬁ’cra E‘ttfée%k%ws:l)tmn ata

l'ant’ei n, urazole, N, N-di net acet'am
tctapgrhtlum d)iydtﬂwsf 00 e, Iﬁdﬂemréﬁﬁbly gdéasey @ and gioy@pﬂeferably
RS S b A08! coahhi 20 it
monol ﬁtt &gﬁt E‘M? and ér!&h?,l ’%1% F\garx ]R/ré&{Pc? i s‘uﬂ}e@%d to polishing,

azacyc one par
by- medlumhmaylanyltdraczlmycdl oﬂnequtsamlﬁe}o e typivally abhal undenoving

rk Azon on1VM|tby Resear ch
SFW&]}F?}% rrgﬂsurﬁ?rcgl’? Yy, alcohols, and the Iike.
The %ﬁ&ogﬁtﬂc%ﬁﬁ)g 2thE gﬂaﬁﬂe@%@d&@ %ﬁ@uecﬂag tB & srﬁ?ﬁéé #Batment,
enhancer may al so be a vegetable oil. Such oil

wineht merefefahly etzadtenodudatinig] thoveprrodivn ractcuancﬁnsmpambﬂhty of

- {
0 S " PlapaBaTokiniliron Tur o pirlrme, sPorpdn il wigree
tERY@MinG istimed BeforfBiged suieictdl ¢4y Sn OGN EH'S surface, {)referably

chanoni | e, al pha-_ 5 bisabolol, cola nitida extrac
%*@W@%S%?@éﬁ laylaa tree oil, licoric extract,

[
gm gﬁthg facé: glre?ﬁlil/&alt‘? |1€ %o% f:(ﬁ*&tt{ﬁ Q@U%eg(&lny G/ ':tﬁéqkéhs?ung

pmcedmeyﬂtperfesmdg @hdidan bmperﬁwrrmsd mmgldnamﬁlﬂﬁe, tectinigoel Iiown
‘V{ zsletjg ﬂ gm ne fetraac f) EDTA sal ts, EDTA,
S5hj GYch BShnAucs R 1% PhEEPLY HORER RSN SoalEne
aﬁ§aﬂ§hﬂﬁgparaben and propyl paraben, 10 propyl ene
gl ycol s, "sorbates, urea derivatives such as

di az @Xﬁm@iany lconvezgion @patmg}% techoiduicn dltdt eins stitableefol . usd e the

e structure ording to the
SEBRAST U, S-E BURRRGRL I B bl pEoR GRER! to. phosphate-
pegsdngaghté CoRNGSIPE Udo%hﬁg,bﬂﬁtﬁ@hkd(ﬁatea&ﬁﬂéﬁldm béing g OsthrirRite
delicate treatnent and_handling, and which cannot

tealmgnh qerem lanthasugy prch praserdysriumeonsgrsioni coatiegsi ahd pobalt
cblflve‘f‘gi&?%%gtlﬁéé. cqndi § 1 20518 u&e@crﬁlorﬂegf these techniques see, for

example, J.E. Gray, in Journal of alloys and compounds 336 (2002), pp. 88-113,
which is incorporated by reference as if fully set forth herein.

Anodizing is an electrolytic process used for producing an oxide film on
metals and alloys as a passivation treatment, and is typically effected by applying a
DC or AC current.

An exemplary anodizing techniques that is suitable for use in this context of
the present embodiments include, but is not limited to, the anomag process, in
which the anodizing bath consists of an aqueous solution of ammonia and sodium
ammonium hydrogen phosphate. Other techniques are described in Gray (2002),

supra.
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15 damagi ng substances and sol vents and/ or ot her
damagi ng condi tions. Such bioactive agents include,
wo e007ax#m8pl e, peptides, pol ypeptides, protei NSPCHI20a7/000520
aci ds, polysaccharides, growth factors, hornones,
anti-angi ogenesis factors, _interferons or cytokines,
cell's and pro-drugs., D agnostic agents can be utilized
as aOthey passivgson trebaiques ¢anealse he ased W the wenteipoifhe sarfece
tr a'ﬁ%ggt't %%&d% %Qﬁr THRSe Rk fd}l ?(F ieN bR M aPalkaline
|oa Ive agent, for rohi T of | efi'ng pur poses.
sdbutegn hating aagmg&amr ethah Sd, rminmrmen] ihocarherginic solution, etc.

i nt h bl | abel i d Di eties”,
and THORGTE CBSHbER BRI 0T CoBT B R g apsium-
bzi%@d dll@g@t ithi £ ?re?&‘ijecf Eﬁi%%&iin@bt ahe 5r8&dsOTis WRiliRE KO P¥hiuce a

techni ques su as spectr al 25 neasurenments (e.gQ.
nﬂagmnms-bewde:onmhwph comprieingel least 8¢ tveight mﬁmectgdn@gnesmm

diffracti,on and i
o ienhy® bR R Rre TR e RErbeRBRS T RRlPtgesoribed
hdrempgr aphy (SPECT) magneti c resonance inaging (M),
conput ed tonography (CT) and the |ike. Repr esent ative
exanPs e@swsqdab@mnﬁbm@omfb ihdurthsr dasonstraed j incihg dexamples

se%goﬂ“ ttﬁ Utfoilbx%t a1{11k:or}:o Bf’frﬁiﬁer f hé*s%ﬁﬁéc?eg rein  were

oun s or osp or escent conpounds or
chmacﬁérlzeﬂ as pﬂfdhmagta cagent & a deadiyothat rangesdenbgut 5 pA/cm? to

I et RSS2 T B o )T
atr@ Asit§ Itﬁé? Yﬁ'?gés ¥ ARG H-ﬁw iB %6&&6’60@/1/091@ 0@3&1 mﬁﬁersed

er actlve substances that can be beneficially
1rua|BBS: edlution thavisg qdhtofxt4.0fAs Aetheprdassesred ihevaipabioye, such a

i ncl de agen ts art e ed p rt|e
ol S GOSRRaPrE o B s LRt ol BEGPRL Rghhesis.
devi eRncd, Bcdofdifip tddnotihed asgxasPihe p réiBiﬁQhMﬁSﬁ there is provided
hydr o hobi ci ty, bioconpatibility and the like. 5 Wijle

a pirshy empiipgastereenaiis By a subiest hpeag A iep#reddioge, which is
Hﬁ&écg B? g)la% 43 o 91c1 erbth% rgb%l?édyb erng(uf ltﬁtﬂ com;lgosmons -of-
arac |cs etal er el nabo esent

niafteg Ndriciss Ay en@tbwl sxtices ndesdritetd| logyinf oSugr apmlethog can be
nmagnesi um base tions- of - rrat i ch woul d
USRS % 5 RORaF SETB P 2eEgod b, Aot Jocaiy Ghebrgpevent

ofE glpg t he conpositions-of - rratter descri bed herein,

present 10 inventors have uncovered that certain
featur es of magnesi um al |l oys can be

Additional objects, advantages, and novel features of the present invention
will become apparent to one ordinarily skilled in the art upon examination of the
following examples, which are not intended to be limiting. Additionally, each of
the various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below finds experimental support

in the following examples.

EXAMPLES
Reference is now made to the following examples, which together with the

above description, illustrate the invention in a non limiting fashion.
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controll ed by selecting the conditions for preparing
the alloys. In general, the features of magnesi um

wW@bkdoogsssazr e determ ned by the conponents in tPer/HI20@%000520

and the rel ative anounts thereof, the size and shape
of the grains in the alloy;and the arrangement of the

devi sed by I BRAERATA forp BN T BDACT TS
cont §pkl 48 these paraneters, so as to obtain

magnesi um al l oys with desired characteristics., Hence,
accoMagnesitm, GaickdiZing Farcopispe c¥ tiyim pRé Neodwpifm were all

i.nvent.i on.t € S v ded a process of preparing a
Ol?{ﬁlﬁﬁggff’ﬁﬂ?%aga?eeg l\é%pn?%é%tl:‘tgh- of-matter. The process is
genepginhoniehhgaiogen barbomss ivagobtaimed tomeAlthiAekar.

conprises at |east 60 20 weight percents magnesium to
t her ApgpnopasAbiaBedBRdd¥iMacont ai ni ng cast; and

subl 8.5 HINEEPSIIREACRAUBLERN RbRITHaRGR 1.0 8

mul tistage extrusion procedure, which conprises at
| easPBSN@Ht4)usintaining e tgrams/liten dNal, |06 gramiger KCI, 1.15

pre- he at mgnt.., As i own _in.th I fa:
et dvaptbOaciing s BibakberGh Pt touf | Sjema
AMHGh a netal or a mixture of nmetals is heated until

It 1s nolten and then poured into a nold, allowed to

cool Prowtssing Eduipmen€asti ng of the magnesi um cont ai ni ng

conpqsjtion, ¢ fect [ any casting

proc @%&W‘??"?’fﬁ‘é‘e@’? V%%&g%idl ng, for exanple,
sand AT IGIZK 180AVhduam Oast wagusedi rect chill (DO
casting, centrijfugal castipg, die casting, .aster. .
cast Midtiaaand SoUos e P ROREAISIE A Jgr KBy gs aghine
enbogf'ﬁ}g@s.. the casting is gravity casting, perforned
at a~ tenperature that ranges from 600 to 900 C,

pr ef Elaidnyalf AaahyFi®Owas pedforn@d Whieg Baisd speatmivae 2009 wgss
this procedure is typically in the formof ingots. WO
SpRsEre 532 PCT/ 112007/ 000520 42 In another preferred

enmb oG AR tyas s 68 LisiRg Mchr Fel&hbft G hhal Gpiipadgmaditiee;
cast oObtained using this procedure is typically in
the fibrdness whs mieasused asieg Walsen Rgclovelbbardness &sicect ed

and e .condi tions iiCh. i tr. | alfect
the fithsfe AR r‘ﬁ%“?%%?%‘g‘nﬁﬁl%‘;%’.ﬁé@%&%gn? %?‘ehl%’

exa W{El_@nga'tiﬂn ehiak ﬁ&ltas@f]tl héi?g: Bstron @rpﬂ@?eﬁimg mathine;

resul ting materia as | ower size.of grains.due.to
Shor (QticabMePIGOREMAB ROHPHRES Ysthd Nikan oBLphet lﬂ‘ g jony ECD
camera,

SEM and EDS measurements were performed on a Jeol JSM 5600.

EXAMPLE 1
Alloy Production and Characterization
Three representative examples of magnesium alloys according to the
present embodiments, referred to herein as BMG 350, BMG 351 and BMG 352, or,
interchangeably as BioMag 350, 351 and 352, respectively, were prepared and
characterized, according to the general procedure that follows.
General Production Process: “
Alloys are cast using, e.g., gravity casting, followed by homogenization

treatment, for the purpose of homogenizing the microstructure. The obtained
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i mportant feature that affects the nechanical
properties of the final products, and nay further
w@tdogazssshe conditions of perform ng the foll oRETY.2007/000520
extrusion procedure .(e.g., |ower pressures can be
utilized for lower grain siige). 10 The tenperature at

.which th [ti d [ 1 ] ¥
ingis a6% B retkeieq aB RS iRl FanBigho aPbdified
hgfleﬁb@ib%q af fect the conposi_ti on of the obtained
a

oy. Thus, for exanple, high tenperature may result
in ah atypitebexamile 3@9@&/‘&%3@?:}%.1@?13{1 @ SERNEY) RRSUBE aﬁ@?ﬁ’%

part i’gllfeelgfg nlég% 5 t@%r@fiw e 99%"/%)%2&’1]5 Meltdd at%fé%?ﬂefe@@e%f

| oss onent's urin rocess. Hence, in
788 S€SuntRe bvtddive hemaspierdt oDCOgamt @5 % I8F.conpeneilile male

crucial for determning the final ,prpp&rti,ggh gf t he £
fronl oy cathen tstegh e The deraP§ratuEn e graigtadis dgils thes naj stage o

:ptain the desired conposition of the alloy. The
Sﬁ%@?ﬁlo& whi ch the alloying conponents are added can
f ur t heodphfuec (Ndf bempenpdiyt pre, 05 Yohiengurities) yaotheotadded,
20 In a preferred errbgdi nt, foll.ow t.het addi t i,[on11 W
piserably p sl BPRga BF S Srted Qb e LB e S Hlo

ﬂgé JiSRdid Q)f?l’?é]ﬁh%t& e hbBerBhddestint. eMper at ure) , before

el ng subjected to solidification, Such a settl] ng
ti me SifdeeYitiiwadan tfornh dverFe intesinstallic phasess tiigralytained Mg-Nd

Fyrt her. pref er ahl efore being salidfi :
§ Vereliavwed e & §¥?r S lélﬁmgeg’ S ?gtgsaﬂf) 0 g&t@ﬂ’rﬁrtﬁg&tg{gem o
BTN 1P firdphe Astdis@usSed RoRIABONS hiicsium, alldysshaving a low
al | ow ng agj usting these anmounts as desired before
agwiunti{pping &f Fe are &sirplesf ur t her preferably, the casting

proc £e | o ok |
o (RGBT 1€ e 198RAbEEGY RagbiTRapabadc,
v(élﬁtépﬁﬁﬂ@[}t stirrgdthef meing frdkomedd byn apgditibn cofl ealciug) while mildly
let ai | ed_exenpl ary pr.ocedure for. performng the
s the @Ealﬁféﬁpgf-eédﬁﬁmng‘h‘ge‘%&aﬁdﬁ%?{ b A8y g also added
o ik M%e vﬂ%inﬁﬂﬁ&tkﬂhrrﬁ%h%@ft._ef ably, subsequent to the
In e g

cast process, magnesi um cont ai ning cast is
subj ékitee dorhpodithoro @é rhe anelb rwaspevalpated at Héusiage SisHige mass

G030 B SIS IH T BRTBISPCALLEN LR e o
BETohbefRE/ RS pdRidn Ry pdricemeanelg), by addimgtcatthincamount
phases to honogenize in the bul k bg sgrlezlfalill?cl)u%?'of-rt?lfe: various
of one or more componenis), if needed. The de

components is determined per the desired parameters described hereinabove. The
composition of the exemplary alloys BMG 350, 351 and 352 is detailed
hereinabove.

The obtained melt was allowed to setile for about 40 minutes in order to
homogenize the composition and to lower the amount of Fe particles. During the
settling period the amount of Fe in the melt is determined, using mass
spectroscopy.

Thereafter, melt is poured into an ingot and allowed to solidify under the
protective environment described hereinabove.

Once solidified, the ingot undergoes a homogenization treatment for 8

hours at 520 °C.

The obtained ingots are then subject to an extrusion process, as follows:



honogeni zation treatnent further inproves the all oy
response to subsequent plastic deformation and heat

WO e@atnest s. Honogeni zation is preferably eff ertBUL2007/00520
tenperature of at least 300 C, 5 preferably at | east
400 C and nore preferably | east 500 C, and during a

time perl od of at | east urs ferabl at Ieast :
5 hoPg obiged lagetﬁe\resrwalfieff o, 2pul gﬂ’&tﬁ%ﬂ Riseied using a

o5& &6 3Rl it mheﬁﬁ&h&egﬁ gérefrmis 18 P RS TedRleYatlh@Mof 360
about 8 hours. In an xenplary pre erred enbodi ment
°Che hormgenl zation treatment is effected for 8 hours
at 52 ér As used her

h §
descHi %%w nﬁé’#lﬁ*%&’?’ffr‘?‘ 'lrrﬁd&te&gt?l%t@ Rﬁé@{w ?ﬁgrlghes) 50
5 as( &rﬁpthe %ﬁu&%@ﬁmﬁe hid ﬁmeeré, O Budacdi §ncpwe1fe' tﬁ@rebﬁer

same direction in which energy is being applied
p(eﬁlmamdltoemlrdmart@rt)mmpratmefs’r@e, Tabletse di r ect i on

Fol | Bhe RBeeahiit v it o 5 o omutives Af ag0°C.
abcdfling IPHE pEAhRcAs BIRABAC mOfbbld BhlioR! s@éﬂ% aci3c 2 50.8 mm

process 15 usual Iy creates long | engf of the final
(%mh@sdprczfﬂ@ may be contr nuous or semi - continuous in

nat u are hot. dra t.h
o po e dfe oSy e Mt AgtinghEIGufliss Sherdhgt i Yere
sitjedied @geﬁm 62 atiusir Ritd) tﬁ tlurraﬁﬁﬁagrreﬁleuaag b33 gfin-diameter
conposition is repeatedly subjected to an extrusion
qﬂsbcedure (treatnment) 20 and hence is repeatedly
forced through a die. Preferably, each of the
extrusion procedures is effected at different
conditions (e.g., a diffé&rahh1pressure, tenperature
—andlor_g Ly the
NEGHIeS! JmBiBPé%PéE—”' Ng GRANASHT! OnFinﬁle%HJGinS&‘ ed ts%eéélof
pre-hea Rbéihe rstﬁ:te eaglesQRe Of %xtrusmn

meant -t iQtpﬁé 23.2 @Sﬁ*ko% 3 SRERNT e p i
MLy 2001 cads 3960 BI09% nbrAOpI LG, bICy i

ran TTom 330 [C Lo 370 C—The heaf Treat ment
lﬁ}%’%’@d bef 3@ each @B0YH&0-Sext y VSYBAl B dcedur es Idan

~be The sane or diffferent. In a preferred embodi ment,
BM& 33 pi ned7@ast i s 2809 é1t90§01bj L3800 (192 first 130
15 eEXtTusTom, —to therebyottar T a FrTst—extruded—
magnesi um cont ai ni ng conposition-of- matter. This
procedure can be referred to as a pre-extrusion

exct R oRRn S BT Rl AR B3 lophfy bine

so as to obtain the specific specimen form.

Preferably, the final product was subjected to a stress relieving treatment at

20 365 °C for 20-30minutes, so as to lower the residual stresses in the specimen. The

effect of the stress relieving process was validated by the immersion experiments

described hereinbelow. The stress relieved specimens exhibited a much higher
corrosion rate upon being subjected to machining.

Final treatment of the obtain specimen typically includes polishing (by,

25  e.g., mechanical or chemical means), which is aimed at providing smooth surface

of the product by removing scratches.
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following nulti-stage extrusion, and is optional,

dependi ng on the cast procedure wused. WO 2007/125532
w2360 7/ 000520 44 The mul tistage extrusi oPCT/IL2007/000520

procedure is preferably then effected as follows: The

obt ai ned extruded conpositi nis subjected to a first

pre-heating, at a first erature; and the

pr e- AdatobipRadopredairis desmt %@ﬁcff‘@ foopEiceitisatmgntnes detpiled
hbxge%nabﬁx‘?é;%rgiﬁglgr@&ﬁ@g%gfg dfk 'ﬁfgié’ Bg ggéy'} ?d)%b?s’%pr&)? 1h RGE ER¥mple,
thieagine pirodact mrmﬁjentedgo aopipephdie-perncing anitd emnveﬂ'shm coating, as

pre:h in n tru5|o ro ures can eat ed,
dBFipgt e, B encincs amplhy el Brodet 8 puiigeie to o anomag
pFREROSS ddsefbdStheRlal ned. In one preferred enbodi ment,

subsequent to the second extrusion, the obtained
(secﬁh&)m@bltcowedttwrrpo& tion | s subj ected to anot her

Dot 0815 DOk PRty Bt Bbiiion g Ludb ot RE bR o bbpined

b§xlid et Eﬁfc@ﬁ&i&bﬁrﬁbeﬂ BB Finddate, i defeAnitkl OWnds9 spdcirblopy.
contr ol e grain size in the final product. By

nanlpulatlng the extrusion and heat treatnent
conditions, the final proghygt,can be obtained at

different w dt hs as _desired, and at varl ous
P P ~“5| d : A d y
he T’Jf»' ‘nal -
éfﬁt rfC’(Siﬁ}; pﬁl/ o
procgaurcjl s
5 1104gri. 30(0.8®

H0i60 |a0130 RXE0RN.

Ln Jahlel 1 i0

“’6:29”0?3? od
a

dnper ature

R'Qe% from
150 to 450 C, nore preferably from 300 to 400 C
Optionally, deformation of the cast can be perforned
by a forging process, which is effected simlarly to

the Swg%f,ﬁﬂ;cgppm%{]twsl on process descri bed herein. 25

ereln e term"forging" neans pressing the
cast Mahposalt |eum1uamma oft|thseallays twas swndscitd advbaling to

SRR henef L1 SorResiLon Lo, e, shang, of (e
in CWV@@BQ Sf&ﬁdﬁﬂ%ﬁﬁ?ﬁbldﬁ@ relating to methods of mechanical
testing;

ASTM E8M-95a: Standard test method for tension testing of metallic
materials [metric];

STM E18-94: Standard test methods for Rockwell Hardness and Rockwell
superficial hardness of metallic materials; and

STM standard E 23-4b: Standard test methods for notched bar impact testing of
metallic materials.

Five specimens were used in each test. Table 3 below presents the results

(averaged) obtained for the tested compositions BMG 350, 351 and 352.
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of screws and/or plates is desired. The tenperature at
which the forging is effected is preferably from 300

w0 2004585582 and the pressure applied i s betweenPQI/ard07500520

times 30 higher than the pressure indicated for the
extrusion treatnments. Follow ng the nultistage
extrusion procedure, the eXtruded conposition can be
further subjected to varilabdeZutti ng and nmachi ni ng
procedures, so as to obtain a desired shape of the
final product. These procedures can include, for
exanplfe, K n
cuttifg andAHa¥hi ni ngBNHe380§r BMGES1ng| BME 368r ¢i ng,
as de ' T, iyl p mep i ke.
Optio dlmgam(nhtphef)erabig t Re elx,];s%udeé coz‘ggsitl on
obt ai fed byJédle] nulfi st 6e xtrasron procedure s
furth i e . 5
Pref eflajhydndsY EHRI €FS- Il | €Yi ng 4 eat qent 45 effected
by heating the conpopition aff a tenperdture of a

| east referablylat [east 200 C and Kore

10?,C, rIPr e.p

pr ef e abtmatgrlensile ebst 1300° ¢, dunpng 4 ti mesperifod
that ijasieasth BMPal nj nutes ad 30 ninutles.  Furt
opti ofpattyandprefeabty, tifgfTma—prioduct T3
subj eqt ed ensilppieldhi pg, 1By mdchaniggal gnd/ qr]6che|ph' cal

neans,| whieafth BMpypical 'y ai fed at rengvi ng 10

scr at ¢hes—+erm-the—shrHace—ef—the—prodget—Further

opt i onjalElyngdtion [9Pf a] newo pr oquct 26 subj ectigd tola
Nt i

surfa bhich lsloreferghlyl ained gt
nodul ati ng the corrosion rate and/or conpatibility of
the fornmed conposition-of-matter. In one preferred
enbodi nent, the surface treatnent is ainmed at formng
a suphéskiresidls dieaBr sHRv HAE RO KIRS 'sGbstatitiaRdffference between
pr ef er abl 15. being a nmagnesi um oxi de | ayer. The
ﬂ@dhveaé@tqd? aloyprith terig of mechaned] ptreagiiac fhe skomaes glien epregrs
¢ A . . .
d SPBRY 130 N8 ALBEG I Faneh bUBRE FEHRC Bl GRT R vield
steenigtit. 0 Grhile ethtebhénd, Ste lkRidngation gugerty nefl BNEG 3650rand 351 is

xampl e, conversjon coating and anodi zing. 20
S@@%?I&Vgg@ﬁg@?gm%é atings techniques that are
sui t Sﬁés% rEQiits 'ftgr]%lljéé gh&@%leaﬁ? thd i) tﬁé tesf3f é}ﬂ??&{ﬁt sustain up to

er

enmbodi ments i n , but are not [imte
1phdHaHefee ypdd peingsnesched dchyeindicating that theglloys are applicable
st annat e

S ER S GRE ohon ool ngs, stamate
CONV BligdoREupidvdligtton: and cobal t

The microstructure of the tested alloys was evaluated using SEM and EDS
measurements. Figures 2a, 2b and 2¢ present SEM micrographs of BMG 350, 351
and 352, respectively. As shown therein, the average grain size is approximately
20 microns or lower and a typical elongation of the phases and grains is visible due
to the extrusion process. As discussed hereinabove, such a low grain size provides
for high mechanical strength.

As further shown therein, intermetallic phases are distributed along the
bulk. Such intermetallic phases are expected to affect the corrosion rate by acting
as a cathode to the Mg matrix. The corrosion process is therefore expected to
begin in places adjacent to these intermetallic phases. The well-distributed

intermetallic phases therefore assure a uniform corrosion process.
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conversion coatings. For a detailed description of

t hese techni ques see, for 25 exanple, J.E. Gay, in
wdewrnzds3nf al | oys and conmpounds 336 (2002), pRCT/IL2007/000520

88-113, which is incorporated by reference as if

fully set forth herein. Anodr zing is an electrolytic

process used for produ0| g %n oxide filmon netals

and alloys as a paSS|v Rldedt ment, and is

typically effected by epplyiR%s DC or AC current. 30

An exenpl ary anodi zi ng { echi ques that is suitable for

use iThe t durwsivontaxt ofofrepredeatative salltys eadvordingribs the  present

e ey gt i Gniar Sl Gt BnGe ohmils

a&:@kdiﬁ% Q5 taé erRRR ASTM] BUliadd FRANBRAAHRI YHd lines, as
phos ate. Other techni'ques are described in ay

supra WO 2007/ 125532 PCT/ | L2007/ 000520 46
(1 her .
cont é‘%ﬁﬁjg he sur (%g(g %EEH‘? ?@:Petlﬁ%gs %ri*'o %ﬁe%lgil %&%Slon
tethese include, for exanple, imrersion in an al kaline
sol ution_ havin reater than 10, imersiqn in an
or gahts sthg GR i gﬁlimar@% enfigHatiganddofratiedingmie Flodicgwlarigaion
mRSsutididntzed to produce various magnesium 5 based
alloys. fn a preferred enmbodi nent, the process is
ut i | ASEY t@3-$r ddenventions repghebieutn blasedhenicplosictsumments in
conPri sit.ng at | east 90 wei ght percents magnesi um and
¢ t is utilized to prepare any of the

CONPES GhhlQRe -o0f, -"Medtinglof ARMEAal RRALodABERI OorrddfondbfILERSHm
her ei nabove and is further denonstrated in the

alioysivpedtical Review's viSd interaetional PAUs, the
conp 1(59@951 oélol‘{gléa? revﬁﬁ&tf &ex%eg g%le eanWE ?denﬂ{icat%cwaztmd

char erlze a curren a dens
quiaiﬁ'@aﬁorf ofdegeddation ﬁro%ﬂﬁﬂrohomeaimml aZlEy@/é/nd n2 when

in a ). Y% sodium chl gri solution and a
cur r é%t%%/[ a3 ]a7geﬁ§‘iafl fl nBfRcicen g@s ?af%PWré{bB‘Ufosi@ fgstipg of
nﬁpdlghout 60 A/lcn2, when immersed in a PBS solution
aving pH of 7.4. As further discussed herei nabove,
suchlmantfsiouasseyt density, when applied in the

envi ronnent of a bone, sti I t.es ostepge [

Honc ISE CHPRGER 41757 ReptusEras dofcd M TAEGRL 72, a tes
AN @B lRfuee 1a%omraylc@ﬁ@smﬁ offendiasl lﬁffmﬁﬁ@rﬁi?@tﬂcgaﬂoy in

ost eogenesis in a subject having an i npaired bone,

a k! ¢h Na€'l sefution t(8d goympNa€ilfig litersaomized watar), ot ¥7htC, for a
perigd of e7ddayosnﬁ6§nl¥ours) t hf%ecs%régf)n?elntsl 20581 the purpose of these

experiments are rods 10 mm in diameter and 100 mm in length (surface area of

about 33 cm®). All the specimens were weighed and measured prior to immersion.
Figures 3a and 3b show the experimental set up used in these assays.
Following the immersion test, the specimens were cleaned with a 20 %
CrO; solution and hot water for the removal of the corrosion products. After
cleaning, the specimens were weighed the corrosion rate was calculated according

to the following equation:

Corrosion rate = - 100% -T)

wherein:
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matter, articles and nedi cal devices described herein.
Such a nethod can be 20 utilized so as to treat, for
wez@mptas32 fract ured bones, and/or to |ocally tPEHIL2007/000520
prevent osteoporosis. Additional objects, advantages,
and novel features of the esent invention wll
becone apparent to one ordiharily skilled in the art
Topime 8k SFROTHICIIBA2EY the 25 fol | owi ng exanpl es, which
AL 8ROk siRlcengeg2to be Timting. Additionally, each of
t he various enmbodi ments and aspects of the present
W meass laxs imgradesl | neat ed her ei nabove and as clained in
the clains section below finds experinental support
in the foll owm ng exanples. 30 EXAMPLES Reference is
now NBEeokRinkd feshild 410 \phdienteX aiTPAIIS 4 bafvveh t oget her
wth the above description, illustrate the invention
inanon limting fashion. WD 2007/ 125532
PCT/ 1 L2007/ 000520 47 MATERL &S AND EXPERI MENTAL
METHODS WMaterials: Magnesium Cal cium Zinc,

Zifconium Yttrium and Neodym um wdre all__ oft ai ned
frbm Dead VI 33} n MG g diMG 352
cafmoo [TOIT AT T a Aqsdl .. AT gqiT_was
obf ai n . Al0.92%6.8aCl |[sol u9Bon Was 202.5
objatred S HH—aF-erR-tH-ek +—4—conteti-re—S8
grpns/ | iweightNasd [2%]0. 2 grland | itfzer K1, 1.305 dramil.4ser
|\|a DYV _ana (0O a as ] ilnad i{ﬂm
[ A Hashi ngt ai

S bewplbicicdkMiioraad essing Equilprent
o Tod37 A1 | 607608 Yacdits)
o GRS 1 ety el P

Oven_was use ng d n were perifforned .

usj ng 3 Ksiy ext r udi ng CH 15 lyseq:

El grren °§°S£H§a$%f%°%§gs rgﬁf@r%@ggusi r‘??%é’.y I?ld 0.87:0.04
h . .

PP LA oo R (oS8 SHECLTGBLErS| o )5 70.4

* mcd — milligram per square centimeter per day
** mpy — milli-inch per year

The results clearly show a slightly superior corrosion resistance for BMG
351, as compared with the other tested samples. As further shown in Table 4, an
extrapolation of the result to forecast the complete degradation of the specimens
shows a full degradation of the specimen after almost one and a half years. It is
noted that this time period is considered optimal in the field of biodegradable
orthopedic implants.

In another assay, conducted as described hereinabove, but replacing the
NaCl solution with a PBS solution (pH=7.4, described hereinabove), a value of
0.41 £ 0.02 mcd was obtained for BMG 351.

Electrochemical assays:

Potentiodynamic polarization measurements were conducted as defined in
ASTM G5-94 "Making potentiostatic and potentiodynamic anodic polarization
measurements", a test method used to measure corrosion rate by means of
electrochemical polarization of the tested alloys in a 0.9 % NaCl solution or PBS at

37 °C.



| npact was neasured using Mohr Federhaft AG anal og

i npact machi ne; Hardness was neasured using WI son
woo@kmaedsB2 har dness tester; Tensile strength waBCT/IL2007/000520

measured using Instron tensile testing machine; 20

El ongati on was neasured using Instron tensile testing

machi ne; Opti_cal Mcroscop)§4vvas perfornmed using N kon

opt i HHISS wpkukion (edny-4repdeserihed heregrbpymwagpsyd as indicated
DA BB Gl o s

tor Rgeesias tiat Coreostotadgscesibility md §radl Iplait DeyReg’ccor di ng
to the .present enpbodinents, referred to herein as B
350, hepslos et anests pgriogred on 3 {Japk RRgBUGTS) g0 a thrce

5 el@btéﬂ@gce:ﬁ.5g’ codmter 232 (pIAGRRE Fhil V8!V % YEIS, PO l%ﬁﬁkeldmm,

an 30 characterized, according to the gehera

syifase schA0emmia @ refsranoaslec@adeclall dipatrpde) dnsia Podkirgselectrode

| oys_ar ast usin e. ravj ty.castin fall d
(ff SR SR oS TPasf 0w 3 W e TepeorftosRl s
cdlibime®ad the begihfiag OF tHeQShériabntl €. The obtai ned WO
2007/ 125532 PCT/ L2007/ 000520 48 ingots are heat
pr e- The specimenrdweishpishediprior 0 tegiing SastpgetQk grit 8ioRapers)
| 2| . .
0 oBfuESEMA LAl 516 RO Roy e el AR TG oo
glsy ebdp Thaxgptsméitaladeu B Bhdse-as@9s BYfresemedinTgureda.at a

tenpihatur,e of 5 780 C under protective atnosphere of
Co2 andestee DYrEPgiery Werg: ¢y uci bl e made from | ow car bon

St eelpitidl M)y §ERBH 2t o MRS Y T 6§ Q:%?l wehdHl the final
stage of solidification. Neodym um (Nd, Commercially
pur eScan 1Bteds D dpaVisee es) was then added, preferably in
smal | .J. .and e | s.stirred for 20 m nutes,
15 SO aim{’%r}}é?% _'1#6trﬁge(&f"sﬁ§c§fr&ti on of the Nd into the
nol t BihalTpeRaghIUMat SIHAEE cOfidnt idemisan T et (atiit 1 volt vs.
internetal lic phases, the obtained Myg-Nd nelt was
Egprbwed to settle for 30 ninutes, so as to allow any

Fe pggﬁlgfglag&gb%gghzi n the nelt to drop. As

di scuss er el nabove, magnesi um al |l oys having a | ow
Figure 4b presents an illustrative potentiodynamic polarization plot. The obtained

20  results are presented in Table 5 below and in Figure 5. All measurements were

obtained using the Tafel extrapolation method.

Table 5
Average BMG 350 BMG 351 BMG 352
Corrosion Rate in
0.9 % NaCl
[mpy] 27.65+23 | 23.64x25 20.9 +1.65
[med] 0.35+£0.029 | 0.30x0.032 | 0.27+0.021

25
While, as shown in Table 5 and Figure 5, a significantly lower corrosion
rate was observed in the electrochemical assays, as compared with the immersion
assay described hereinabove, these observations are attributed to the fact that the

electrochemical polarization method provides an indication of the complete life
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BMG 351

-1.68

7.36

-1.85

18.9

BMG 352

-1.67

6.34

-1.87

58.1
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icorr is the current density extracted from the potentiodynamic plot;
E, is the corrosion potential.

20

EXAMPLE 3

In vivo studies

eni z
%%?Qpﬁﬁﬂtingots
as foll ows:
0. 49 The obtai ned
i1lets and pressed

R

04

e extrusion nmachj ne
b, dNd welr dufrar

ter

mm

An in vivo degradation study was conducted at PharmaSeed Ltd. in Nes

Ziona. Male Wistar rats, aged 11-12 weeks, were used.

Four BMG 351 specimens with the following dimensions: 14 mm x 10 mm

25

x 1 mm were implanted in each of 12 Wistar rats for a time period of 2 and 4



(2 inches) profile. 10 The obtained 2-inch billets
were again pre-heated as indicated, and were
WG v7a235811 again to extrusion into the requirepCT/ina07/000520
- profile (e.g., 30 mMmmdianmeter rods). Table 1 My all oy
Billet Pre- Extrusion Final extrusion Speed of
heati ng machi ne pressure pPessure extrusion &% [ psi]
wetlgl CHR) spegsichs wety ismyntpdrsulicnjanBmel B BoeagB gata vpspecimens

10, 9) .2500,(170Q. 1) 1.3 MG.351.370. 280Q0.

obStorel i 1 16 Soadmbson BTHaRGHY doBESbERuih. Aer
sHad Bfp &M cledpinglthe Tkia salfhed, BebutA@susBEcketsViote Sithied tiyedunt

to machining and_optiopally cutting, .so as to kLtain
dissretiep sathfscissape Lherneciagts wee plaspd By the Ppa@t% ?wgt e wound

subjected to a stress relieving treatnent

> clg%&fj\g%ﬁ%@?e& for 20-30m nutes, so as to |ower the

resi Badl spcimmasems weighied 3ijnedb rieplantdtien afifafer esplaptation.

tresg relieving process was Vvalidated by the .
AR SR ok e BT Sehs S PP RS PIRBPG A affs cleaning

is¢HER% 484 s60486n FRaReE PRADSE BN EPIlERFhgtho Eich b8 B corrosion
corrosion rate upon bei ng subj ected to machinin

pRidnets waeaemered dfy thee rets dlepds plosy. mehhe yighultsl pgfained are

i ncl ude | shi (by, 25 e.g., nmechanical or

10 S‘%}ﬂ%’ﬁf%eaﬂ%nﬁ@hl’?j#eq%xi ch is ained at providing snooth
surface of the product by renoving scratches. WO
2007/ 125532 PCT/1L2007/ 000520 50 The obtai ned product

is then subjected to a sufigce treatnent, as detailed
her ei nabove and is described, for exanple, in Gey

1
AV — 1 .

CTIrC LILLRLE® A PI U\JIU\/( o
e COrB/@Hy on
it Std
process, d ] Che | _con osiertalg%n “
Tabl.e 2 bel ow]pr s fh ojrposi.t i on. epc f, th
t hruggala\ﬁ% f dbt ?Zﬁg% 9.5 Ottt gvelg%ft 548,4 89
weight after 2474 | 37 | Weishtafter 2502 | 638
explantation explantation
weight after 2379 | 46 | Weishtafter 2304 | 4.9
cleaning cleaning
Total degradation 7.9 1.4 | Total degradation 16.0 3.0
. 0 .
%Degradahﬂon over 3.9 0.6 A)Degradat{on over 6.5 12
test period test period
mass of oxide mass of oxide
released to the rat 9.5 3.1 | released to the rat 18.5 4.9
body* body*
Error (total Error (total
degradation to mass 16.8 degradation to mass| 13.7
of oxides[%]) of oxides[%])
15 *Calculation of the mass of oxides released performed according to Scheme

1 below



by the general process described herei nabove, as

determ ned by mass spectroscopy. 10 Table 2 Alloy "
w@pood2832 Y Zr Si. Fe N Cu Quantity type o~P¢DIAN07/000520

[0.0] [ [QUW [ ol [0} ["fq] ['o] [kg] M20 2.01

0.22 1.04 0.31 0.003 0.004 Q.001 0.001 15:91, 2.44

0.21 60 030 .0.003 0,004 0°0601 0.001 15.3 2.82 0.19

J 0.2 Cf@rr@sl belgisPrescoisd @n@@pdoacwﬂnmoowmmﬁawam of the

iMach V. the.allo

o NP o T SRRy RIB MR P Rorlfd Borg g Bpecimen.

Usgeribe final foemula nrzﬂs@@yalmdd lttvmtappkﬂas@rdumaﬂme redSTM

E6-89: Standard term nol ogy relating to nethods of

mechani cal testing; ASTM E8BM 95a: Standard test

met hod for tension testingaef,.ifetallic materials

[metric]; 20 STM E18-94: Standard test nethods for

Rockwel | Hardness ang), g(5§g;ckwell wsuperficial hardness

of net glidberemberi al s° and STM s?andard E 23-4b:

St andard test neth@ﬂ@.ﬁgﬁ_nogg$eg_@g£_|npact testlng

of nmetallic materials. EFye speciness were used in

each test. *aihe=3 bel ow presents the results 25

(aver aged) %btg%ged for the tested conpositions BMG

350, 351 an “W0 2007/ 1995EEC@OELI 2007/ 000520 51

Tabl e 3 Al Noy=BMZ=350 BMG 3hd B2 | npact

(notched) 1.44 1.36 1.65 |[8ouke}bbacedness [ HRE] 86 86

84 U ti mat®8=18nd e 231 22{3**5@2@%3%%
b R

bfolyMPal
_“Ten3| le yield 18&6-2631wTi6 MGOH),

Jz after corrsion
Am MF - Mass of oxides released lo the rat body

T lmy e
=

AW

¥ =3.415% 107 Fmol -

Mox = N-MW
Mox=002gm

Mrotal = Mac + Mox
Mtotal = 0,257 gm
MF = Miotal ~ Mbe

Mf = 2419mg

The results obtained validated the in vitro results presented in Example 2
above and have shown similar weight loss (corrosion) rate of the tested specimens.
Furthermore, an indication towards the eviction of the corrosion product from the
implantation site was also given and evaluated. The obtained weight loss for 4
weeks time was 6.5 % (1.25 % per week) of the total weight is in line with 1.39 %
weight loss for 1 week obtained in the in vitro immersion expetiment.

The corrosion morphology inspected after explantation is presented in
Figure 6, showing uniformly corroded surface, with some pitting corrosion at alloy

defects across the specimen.
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El ongation [%4 19.5 20 15.8 5 These results clearly
show that there is no substantial difference between

wo bh@7ntsee tested alloys in ternms of nechani caPCT/IL2007/000520

strength. The stronger alloy appears to be BM5 350
with a slightly increased ﬁlstimate tensile strength
and tensile yield str th? On the other hand, the
el ongati on property of%‘ﬂ@d‘:‘énd 351 is

substantially hi ghpg,g,}gqga%ﬁ,zgﬂo 0 These results
the

further show clearly that ested all oys can
sust GlenerapPraxedt/@® MPa before yield point is reached,

t hus,i ndi cati ng -t.hat ghe al | o$/s aret?ap&&}icabl e to alf

medi BRVITSY BEHER AORS. 49 BropatEd ot Tav e BPEus i ltoy
tuthiBEO & bt GhdH Str@dsphdR, hesh@fg ab [¥em\WMec&iddsUati@thrief, the

using SEM and EDS 15 neasurenents. Figures 2a, 2b and

tuzeingy arsdepdedpmors wilbipe sysebine tndwBrgBRtmgspheredpd e milling
cLi ] [ v
opGEREE itaed WHBU B fletlembnfY 6f BODoRB! B Pkt
callantghdoughnthefmiltheughjases. aviiligg & ceatinsedvirsil hectachgepartiole
the. extrusio rocess.. As di scussed herei nabove, such
Sige 5@% 99 ﬁ[@?g‘é nga(‘)‘%ﬁddes for high mechani cal

streqgt gowagr_eé‘smﬁ%i{e%ﬁ%{ afOPO REIRE Tixbd WAMHTERS 3hlhdnium
phases are distributed along the bulk. Such
hydrpgenmrearhdnate ppivdsiesf armedstpedinati PSD, af Aque-deteemined ratio.

The hoRRAHael SRt i 5 1P e oy R ERER Y e o g
dhegiyntol 4 F&]—@é’é e@GhapeNThe PréBes ?o%ﬂéreirs rRébtahsFerred into a

phases. The well-distributéd internetallic phases )
vaqyee Puete aad dgpte sintaged. f dnnsaces whieh gnslpb g8 degnedathe slab is

wpRped 518 Ve AL AR B Aoy PECTE AR s R AR

usiag bnalvmgrocedurée present enbodi nents was eval uat ed
usi nE) botq i mrer si on and el ectrochem cal techniques
df

5
accoPatapplle thenorous.ethaned pRofinft 15dben fapiegpated iy @aoguion
cGSingl! afii?éagtrlﬁt%iacﬁ§e SIIH%JtahQ%Vﬁ. g ARiMidat adBine SHRBABE emoved

termnology relating to c 0sion and corrosion
undes ré¢duged pressure at room temperature, followed by a vacuum oven.

In a typical example, magnesium alloy turnings of BMG 352, containing
Ytrrium and Neodimium, were milled, using an atritter at 16000 RPM, under argon
atmosphere and water-cooling, for 6 hours. As shown in Figure 7, SEM analysis of
the obtained powder showed it consisted of spherical particles having a size of 100-
200 pm.

The obtained powder was mixed with ammonium hydrogen carbonate
powder at a 4:1 v/v ratio, and the resulting mix powder was transferred into a disc
shape die and pneumatically pressed at 80 Psi to afford a disc shape. The resulting
disc was transferred into a sintering vacuum oven and sintered at 620 °C for 10
minutes in a pyrex vaccum tube.

Figure 8 presents an exemplary disc, obtained as described hereinabove,
being 8 mm in diameter.

Figure 9 presents another exemplary disc, having 15 % porosity, in which a
2 mm hole was drilled therethrough, demonstrating the strong inter particle binding

as a result of the sintering process.
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ASTM Gb-94: Maki ng potentiostatic and potenti odynam c

anodi ¢ polarization 10 neasurenents; ASTM G3-89:
w@ewwartssopns appl i cable to el ectrochem cal meaBCF/ERBITWE®0520

in corrosion testing; E. Ghali, et. al. , "Testing of

General and Localized Corrgsi on of Magnesi um aIons

A critical Review', ASMinternational, 2004;

| S015igyrs: 4% PESSEND GRtheT eXsuRiay; RATOw SH’?B’&?%F‘%EWP%? 500

t
D e haT L. 72,

"St andard practice for |aboratory corrosion testing of
netal s" . |Inmersion as ; rsion experinents
wer e conducted as defi m“@mal- 72, a test

met hod used tmﬂ@émlﬁzag%usm;@rbus@mys@mkon of metals,

by immersing the alloy in 0.9 % Nad solution (90
gr arrMuhal@qu@ mpgnepiy-based e@om%{}aﬁle Systegps @re fQitaiged by

c?%{r{laﬂ) gstgr%y]?aﬁfgng%op QWL RMe, 4NGorndifGE q]ég@llegﬁﬁ%c«lgr%rmade

experinents are ro
frdm&nlﬁb@dsgramﬁlehﬁ@gﬂéHMMBllo@mgtdbS((rﬁ)ﬁd heemn, andan ofitePlayer made

about 33 cnm2). All e _speci wer e he

frARad PPERYS m&sxeswl lito s g seribeg ik S e ! Breiges o

m&@lﬁn‘f@&? ?t?én@?rp Were%?tthéj@uté‘xs&ﬁoﬁsrla%}‘ﬁ RaB&BRHE a therapeutically
ow ng the I mrefsion test, the speci nens were

agtiveanbdanvet(b g aiibiot a8 istslamsédbupoartie Megnesine degradation.

the renoval of the corrosion products. After

cl eani ng, the specinens were wei ghed the corrosion

rate was cal cul ated according 30 to the foll ow ng

equation: Corrosion rat 000) I AT) wherein:
00 2007/ 126555 Pt Lado AMNEE s T (i oo
exposure (Dﬁe«fé@)i@sw HacudieRbpRidusingfm@gnesiunt iloys W =
mass |l oss in grans. 5 The_ obtained results are

pr es ét discuspedThepimalioyse |iblias been recognized that certain levels of
electrical current, in the range of 2 - 20 pA/cm’, passing through fractured or

osteoporotic bones, can significantly stimulate bone growth and thus promote the
bone healing process. The mechanism of action for this phenomenon is not yet
understood.

As further shown hereinabove, the mechanism of degradation of the
magnesium alloys described herein is via electrochemical reaction. Thus, certain
levels of current and potential are produced at the degradation site of a magnesium
alloy.

It has therefore been realized herein that magnesium-based implants can be
further used to promote osteogenesis via the production of current at the
implantation site.

As shown in Table 6 hereinabove, current densities measured during
electrochemical testing of BMG 351, BMG 350 and BMG 352 showed values of
approximately 10 pA/em? in NaCl solution and in a range of 18-60 pA/em? in PBS.
These data indicate that magnesium-based implants can be successfully utilized for
stimulating cell growth and this for promoting osteogenesis either in an impaired

bone area or in osteoporotic bone.
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Table 4 All oy BMG 350 BMG 351 BMG 352 wei ght | oss
[my] 235.5 193 202.5 weight loss [%4 1.7 1.39 1.45

w@oophetsa2 degradation forecast 13.7 (1.14) 16.B7T/{12067)000520

16 (1.3) [nonths (years)] Corrosion Rate [ntd*] 1.02
0.08 0.83 0.11 0.87 0.04 rrosion Rate [npy**] 82.5
67.15 70.4 * ncd - m | per square centineter per
day * * npy - rriII|-||]FJZ:’fgﬁ‘1 é’lLEy%ar 10 The results
clearly show a on resistance
for BMG 351, a@%’ggélg?;&ug% R?Jaﬁg%’g er tested
sanpllbs. measufemenk efvf éhmwnoluvnd Tl@tgir%ezm ofinmagnesium-containing

t | at f th t.th et
st aRd: Pt onrd SRt ke SHES o BobPaiicfghin
Fiprd DR %Qiyﬁﬁigeﬁfbhﬁﬁleﬁém&?d 12001 ﬂeenestad Bidcimereae Sharnkled

is 15 noted that, this tinme period is considered

thepyighntie frpnel padrint thedrugiico FdgramepsEements lsap @e.r@rformed
ShAPL 80, LAeSREL) 955 S £ANAHEE SuapoE SR8 v

th%dg@ém;idr@tnre((BHfEM descri bed hereinabove), a val ue
0.41 .0.02 ntd was obtained for BM5G 351, 20
EI ec ¥ he bpidiogen bubiss g olvesh frem theaspreimca seichpmnelad; rpugh
T,
R SHE RS OB GoAORAUE EnBRnblheCld B I S hng
Apdlt@ans, Zatvaoced engararingantesials 2008e¥bl. ri?ero tRjusHe: datculation

asure corrosi o te b ns . of ectrochem cal .

B BBt SOt o tilto GeoraalVe o griersing 6o b pANad g oation:
solution or PBS at 25 37 C. WD 2007/ 125532
PCT/ 1 L2007/ 000520 54 A PBS solution (pH=7.4) as
descrl bed Heramphaiobeeswas =USeg A% Apdt £a1 4., by ASTM F
2129 "Conducting Cyclic Pot ent odynam c Pol ari zati on
Measurenents to Determ ne the Corrosion
Sus C%Ré h}kl)&rlo!gct:x}/ pr%fssu§rmt tlhe kl If (ﬁ?et bu[%gt\{fls E:sevsery close to atmospheric

pressure (760 mm Hg equals roughly 23 meters of water).

Using the system described hereinabove, the hydrogen evolution of an
exemplary magnesium alloy, BMG 351 described herein, was measured under
various conditions (0.9 % NaCl; PBS (pH=7.4)). The tested specimen has a
surface area of 7 cm? and the obtained data was extrapolated to the evolution rate
of a device made of a plate and screws, according to a surface area of 35 cm™.

The obtained data was processed according to the equations presented in

Scheme 2 hereinbelow.



In brief, experinments were perforned on a Garary

potentiostat using a three 5 electrode cell: a
weowntizss3el ectrode (platinumfoil 99.5 % puri t RCT/AROEM00520

x 1 mm surface = 629 nm, a reference el ectrode (KC

el ectrode) and a working electrode (the specinen to

be tested, surface = 28.3 ®%in). The Ganry potenti ostat

was calibrated at the bSdienmhg of the experinent.

The speci mens were polished prior to testing (using

600 grit SiC papers) 10 and cleaned ultrasonically

wi th ethanol .gqThe pt ested spepi mens were inserted into

water

a glass tube. The“’”éxpey'rilgﬁent'"“’”"’é"é’t up 8t t hese
assays is presented in Fig 4a. The testing
paraneters were: Initial 2E:Ey (stabilization of
Ecorr) = 3,600 sec (1 hou Scan rate = 0.5 nWV/ sec
15 Initial poten Ecorr) Final
5 potential = at r@’ﬁ”%‘hr f%mogedgn?i%‘iafj & 1 mAl cnR (about
1 volt vs. Ecorr) Sanple area = 0.283 cn2 Figure 4b
presents an illustrative potentiodynam c pol ari zation
pl ot. The obtained 20Eq.@sBVtsnBlte presented in Table
5 below and in Figure 5. Aty neasurenents were
obt ai ned using the Tafel e apol ati on nethod. Table 5
Aver age BMG 350 BMG 351 B 2 Corrosion Rate in 0.9
% NaCl [npy] 27.65 * 2.3 23764 2.5 20.9 1.65 [ntd]
0. 35 Fionm(2f 20n3fle nGmb&2ofthydioged nfifdds cvabvedhs tadculated.
shown in Table 5 and Figure 5, a significantly | ower
10 corrosion rate was observed in the el ectrochemn cal
ass a@qge@% AREP 2518 atibilsh tHeh sl f¥T8ah D PheseABd AY Em - hydrogen
descri bed %erelnabove f hese observations are
eabtutioh lbymbltso[mdiepﬂaiﬁb’ pehsquarhem];er ag By o dpdiegempvolution by

| ar tion ovi des ation of the
v ¢ bR BT B sBES AR ttbE07) 000520 s
Results obtained were later multiplied by 35 cm” for the estimated surface

15  area of a complete plate and screw system.

The obtained results are presented in Table 8 below.
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as opposed to
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sol uti on
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Plate

As can be seen in Table 8, the hydrogen evolution rate of the tested
magnesium alloy upon immersion in a PBS solution was lower than the rate upon
immersion in a 0.9 % NaCl solution. As indicated hereinabove, it is reasonable to
believe that the results obtained at the PBS solution are more indicative with
respect to a physiological environment.

In order to compare the results with the absorption capability of a human
physiological environment a simple model was used (see, Piiper et al., Journal of
applied physiology, 17, No. 2, pp. 268-274).

calculate the absorption capability of rats of different inert gases. The model was

The model was developed to

therefore converted to human physiology with an emphasis on hydrogen
absorption. The model, presented in Figure 11b, predicts that the absorption of
hydrogen in a physiological environment consists of two methods, diffusion and
perfusion.

The presented model can be described by the following equation:
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on the left side, and two specinens on the right side
of the spinal colum. After shaving and cleaning the
W@ koon/13358F ace, subcut aneous pockets were creatCI/my2007/000520
blunt dissection with scissors. The speci nens were
placed in the pockets, and the wound 5 closed with
sutures. Each speci men was %ei ghed prior to

| an atl fter ntation. After
eQ% 32} g%a sbeé?ﬁgl was wei ghed prior to

cleanlng apd after, gl eanin in chromc acid sol ution
for the puer’O'S\ﬁ_O‘f) ~ Mg how nmuch of the

corrosion products was renoved by the rat's bl ood
flow. The pegublds obiaiined are 10 summarized in Table
7 below. Table 7 14 days 28 days [ng] average Stdev
[my] average Stdev initial weight 245.8 4.5 initial
wrkght 246.4 5.9 weight after 247.4 3.7 weight after
250.2 6.8 explantation explantation weight after
237. 9 4exﬁ)t<vsethghbsoqﬁﬁmra@ﬁﬁnﬁllmt& pec hgauteng cl eani ng
Tot al . degradatl on 9 1.4 Total degradation 16.0 3.0
%)eg Oadenqtesih 9@&0@@)@@@%@ the platedoeation in ayHliliges mepminyte;
f oxide

a Pele RES P BipRE vidosted e PiiRed BRBL ol R o016 s
4 9 b NSted @Y Soluthilif fﬂ{)f hdtbgdn H pRbd (h Ghifllliter hydrogenf per

radati on to nmss degradation to nBss 13. 7

’@S‘PWC} apfl exnerpbpsy z@ue @4l @.0146 inglferof Xt #en. riwass used

Orﬂqfvlé st 15 8EuBBRter TSN AL H66008 . 58 YL REFae

bel ow pdpsRBk S %n'é@suﬁf@bh BPdrag&PAIdERBbubBlei slosphere; a value
cal cufation of the

of 0.97 Atmospheres was used;

P, denotes the pressure of hydrogen in blood in atmosphere; a value of 0

was used;

D denotes permeation coefficient equals to the diffusion coefficient
multiplied by the surface area to diffusion barrier length ratio.

In order to adopt the above equation to human physiology, the following
parameters were used or considered:

H, content in atmospheric air is 0.5 ppm and therefore the content of
molecular hydrogen in the blood (P1) is assumed to be zero;

The surface area of a plate and screw structure is 35 cm’;

The blood flow around a bone was calculated as 5 milliliter per minute per
100 grams bone and is meant to include only the blood flow in the bone blood
vessels and not around it [I. McCarthy, Journal of bone joint surgery — American
(2006), 88, pp. 4-9];

A diffusion barrier of 100 microns was arbitrarily selected for the
calculations. Typically, the diffusion barrier is in a range of 10 - 100 microns
[Hlastala and Van Liew, Respiration physiology (1975), 24, pp. 147-158].

After inserting the values for human physiology into the equation above the
obtained value for the absorption of hydrogen bubbles in the perimeter of the plate

is 1.65 milliliter per hour.
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20

amount of My oxides released to the rat body was
perfornmed for a single specinen. Once the final
wo eoomatsm3mas obtained, it was applied to all arei/ii2bd700520
results. 5 Scheme 1 MJ(OH)2 Mg C fct{ie#iarr
exarrrpie lv AV : = 58.33 -1 AWr = 24.305 gm MO : =

0. 245 2472gm MA* nol_ecul ar. wei ght c:=
0236 gmlma&é%h‘? ESHET Rffisentegan Tabjg §.i ipranResicer it the rate
%‘f Q&&ut?dneéﬁﬂﬁgexem?%&fy fmalgoﬁlzs(?um-ﬂ\ﬁgd %osﬁ‘@ﬁér device

eaning N - nunb
teste@ 18Wﬂl) vﬁthgnﬁle Nydrogeil @bmrpmapﬁblhg( OHutaas.t er
carrsion M - Mass of oxi des rel eased to the rat body
AW/ N=.3.dt5x 10 tni,lI Mx:= N MV Mx= 0.02gm

| M ot ik & R{B@@iateﬁ thayf c@i@am'\feﬁhféls of thblivéntim W'hﬂdhfare -for clarity,
t ot al 16c W= 9.419ing The results obtained

dossriberh tie dthe heontext ol separals utmkodimentenmeay plio Braupspdded in
C&P@iﬁﬁu ?xhz[@%(@e%ﬂlg)‘ﬁﬁnﬁénw b%{lvé’ﬁ@éighéﬁrloﬁﬁea{u?@sr Jt‘%ﬁé B¥ntion,
rate O e St

Speci mens
which aratfoobretyyalesariticd én eéha @intexn 0DHd sinple eﬁﬂfoﬂﬁﬁdmnnay also be

product fro helrrplan atlon jte was al so given and
PEQY#?%&FF%&%[;H& ‘BBP&F‘H%’ St ﬁ?u‘P‘s’}nég%nf or 4 weeks tine
was @;lﬁ_’lm{g}( thezg’nvéhﬁgﬁ h‘ﬁ?%@en QYesdritfed! A BdnjiRiioAt witﬁ shbcific

line wth 39 % weight loss for 1 week obtalne
embedinrents themequxe s i eydeak ghati meny . alfdneatves,r wﬂd‘maﬂons and

g v s P BERR e Rl B R o Putiba e i Bieed o
eiﬂMbEd&e%ﬂ@ﬁctpﬁﬁérhﬁﬁze&%b&ﬁb&[br@tana hh@Xions that fall within the spirit
and broad scope of the appended claims. All publications, patents and patent
applications mentioned in this specification are herein incorporated in their entirety
by reference into the specification, to the same extent as if each individual
publication, patent or patent application was specifically and individually indicated
to be incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such

reference is available as prior art to the present invention.



defects across the speci men. WO 2007/ 125532

PCT/ 1 L2007/ 000520 58 EXAMPLE 4 Porous Magnesi um
w@bkdoogsss3tener al Procedure: Powdered magnesi unPEl/IIeyger/000520

are prepared by mlling magnesiumalloy 5 turnings in

an inert atnosphere, accord&ng to known procedures. In

' 'njngs are | oaded onto a mlling nmachine
\ghldsgﬁlsa{:gw‘r@sphere and the mlling operationis
performed while controlling the tenperature of the

powder by passing coolant through the mllhouse
j ackdt. M kcpmposidorsohmatieteapmymisiig: t he target particle

si ze di ' . LS. obt ai ned. 10 The powdered
nagneaglieﬁa%ﬁrézﬁ) w%§ﬁtrl§eg‘§e§gs)r%lg§%eéwn}ﬁ xed wi th an amoni um
hydr dgen 1 cawéighiicecp@nd & weibhtepadéeptiaicotdmniag PSD, at a
pre-determned ratio. The, honogenized m xture is fed

i nt o TSR §- laweighiRessrat fohMeighbpesad dtrigmy a sl ab or
dire t = ' : S powder
s ey OO BB R AR LT Righ)AAEen HICoRIASSRE D1

si nt dral 0.1 weightsesconhtr? sweidhaipericent$ caloieoh, the slab is
15 hined into the final jnpl .shape, either

et ot SHRRRI G R B mEdePEFAe. st ng known
procedures. Optionally, the porous, shaped product is

then inpregnated in a solution containing at |east
one &ecti veﬂsan@mmm@n(@.rgatter ahciabn dt cenpasiag ethleast 95 weight

i s.:..emoved under reduced pressure at room
pt%géﬁ%gs?{é%%lr%ﬁh ol | owed by a vacuum oven. 20 In a

typi cal exanpl e, nmagnesium all oy turnings of BMG 352,

containing Ytrriumand Neodimum were mlled,_ using

an atrittel WOPPIBIOD-FRoMtiannpERPrisgon! leasdsprveieht asepents
= CO 6.4 . i .

HRLENG0Ale A RlonSbIRUEE bl SRR by 9 sfrolion T tha

rariges ffitvex alait Opantd © @euhbdimgl, messwred adcoldifg t2ASTH GB1-72

25 The obt aj ne wder m.xed with ni um .
uRon H‘E‘&&fﬁl%‘é}”o%ﬂgg ‘% Sogavﬁgﬁloafie aglmlqn & @% 6 comppsitipsof-

&Y btind APy oPoMEer Was transferred into a disc
shape drre and pneunmatically pressed at 80 Psi to

afford a disc shape. The resulting disc was
transferreg i 0Lo &iRbNLELERG YPLMT 9¥eRna G Bl by

corrosion rate that ranges from about 0.1 mcd and about 1 mcd, measured according

to ASTM G31-72 upon immersion in a phosphate buffered saline solution having a
pH 7 at 37 °C.

5. The composition-of-matter of claim 3, further comprising:
from 1.5 weight percents to 5 weight percents neodymium;

from 0.1 weight percent to 3 weight percent yttrium;

from 0.1 weight percent to 1 weight percent zirconium; and

from 0.1 weight percent to 2 weight percents calcium.

6. The composition-of-matter of any of claims 1-5, being devoid of

aluminum.



mnutes in a pyrex vaccumtube. 30 Figure 8 presents

an exenpl ary disc, obtained as descri bed herei nabove,
wheiong28327im i n di aneter. Figure 9 presents ancP¢EIL2007/000520

exenpl ary disc, having 15 % porosity, in which a 2 mm

hol e was drilled therethro%%h, denonstrating the

strogg inter particle binditig as a result of the

si nt dr i ng ThecwsgesitigproFanatier 245wy @ctrims2b07 covpssiog from

| r ary porous

1§§€§?ﬁgﬁﬁmﬁﬁvgé§§§§¥ %Eﬁg%ﬁggﬁﬁggggé'dianeter,

produced by the process descri bed herei nabove. EXAMPLE

55 l'tilayered nagne iun}ba%ed systens Miultil ayered

nmagn&si um s“é’&m&ﬁ’é‘g’eﬁﬁa\%r@ s*\?gt%fn?&alaﬁel-ébtcamﬁ@angﬁom

oqow&‘gh ik dh91P0.8 Wedi STpBRYANGIcidR!  exanpl e, a

nmonol’i t'hi ¢ magnesi um core made from a bi odegradabl e

magnesi um al | oy as descri bed herein, and an outer

| ayer, made, from a..porgus esi u |l o as . .
descrrgl‘ bed%ﬁlgrcgmos g'ogﬂﬁggé’f‘yp&o@?lﬁglé’ fpmprising from
Ortewdight seadens o’ BB Gidight\WoResB ytttiig. out er porous layer is

| oaded with a therapeutically active substance (e.qg.,
antibiotic) that is rel eased upon the nagnesi um

degr agdati - 6 e 1S Vi rrent

pr odggi ngqﬁggcr?gég lﬁbgﬂ?gﬁm@??ﬁg cd&g(ggé%lshie_r%eﬁﬁ%lgg@gg from
Oilt weight feecemt toe 6 gveigle gecbattziconiuai. n | evel s of

el ectrical current, in the range of 2 - 20 Al cnR,
passi ng through fractured or osteoporotic bones, can

si gniffi ca ﬂ‘}]ﬂé ?f}ﬁfpbﬁﬁb%@-ﬁ%@? of 51%\’\4)?: B 1 hws c&ﬁ?fgﬂh?o%.m

the bone i ng process. The nechani sm of " act
wetghs psresntsneensiynitemn Gt60y eteigh? eurede rysitioogl . 0.3% Weiglht hygrcent

h | hab th hani f d dat i f th
AU T Sebat il o g aoat o of the

el ectrochem cal reaction. Thus, certain |evels of
current and potential are produced at the degradation
siteldf aThagreppsiipn-gf-mejter oEany ofialeimh rl8f eompiiting 2.01

. i that : ol b
LR TSNS TRl B 0L A e
zipeamdhurng amlr). 2 weight perterad cdléiem.

13. The composition-of-matter of any of claims 1-12, further comprising
at least one heavy element selected from the group consisting of iron, copper, nickel
and silicon, wherein a concentration of each of said at least one heavy element does

not exceed 0.005 weight percent.

14.  The composition-of-matter of any of claims 11 and 12, further
comprising: 0.004 weight percent iron; 0.001 weight percent copper; 0.001 weight

percent nickel; and 0.003 weight percent silicon.

15. The composition-of-matter of any of claims 1-14, being

characterized by an impact value higher than 1.2 Joule.



i mpl antation site. As shown in Table 6 hereinabove,
current densities neasured during electrochem cal

wo ewrviizg§3nf BMG 351, BMG 350 and BMG 352 showeRICT/HI20€78000520
of 30 approximately 10 A/cn2 in NaCl solution and in
a range of 18-60 A/cnR in PBS. These data indicate

t hat magnesi um based | | alfs can be successful.|l .
uti | 1eed P C%‘PP%WI%‘{’TE@E‘EQI I Oér 8t h © n(’fFat"ﬂFs lf%}” being
| LRAGENIASHS tRid SPHREN an inpaired bone
C}%?%g&%rwlg%gglst eopor%ti c bogr‘l(g. WD 2007/ 125532
PCT/ 1 L2007/ 000520 60 EXAMPLE 7 Hydrogen Evol ution

Measurenment s The neasurenent of .the evolv, ydr pgen,_ .
of nﬁénesﬁﬁ‘?ﬂ CTRPETAPHG M EhEL %n%nﬁ{sogeﬁ&glpﬁeg'%gi nnogemg
iUkl 8y ad ultiiine kendNé stterp@l bich@nhim®0 MPa. depi ct ed

in 5 Figure 11 a. The hydrogen bubbl es evol ved from
the tested speci men are channel ed through the funnel

and igto : u S b ;
per f %gmdiﬁeesggﬁsg&g%pgrﬁn{aﬁ\%ﬂg?egﬁ?ﬁ%tgd cg%@g \?\H ?1 abelng
chidnsoterided bontiemile gield atrd¢rptishighemhhmi ShyPat he body
tenperature (37 C). The hydrogen bubbl es evol ved from

t he specinmen are channel ed through 10 the funnel and

i ntojghe bt etehRpWAghE ot RAEEASHT @APNLT ChimBe 1-8KeNbeing
[G Song and A. "Atrens, Advanced engi neeri ng
chrpaerizatl by 20@Bmgwodn vane higherlthin 15 percerib.cul ati on of

t he nunber of noles of hydrogen evol ved is done using
the follow ng equation: Atnospheric Pressure =

PHy dp@genThe RoRipoditibh-af-efatep oy 16f dhignshy,d2 epens-14, being

ressure at the tip of the burette is very close to
charpgieniedrint a qoreosionr wiq 5 magesRheyh s meduighiipupd -5 med,

f i _ Y . i . .

e o AT T RN S 008 oy horice
sotagoesiyrcl | oy, BMG 351 descri bed herein, was

measured under 20 various conditions (0.9 % NaC ; PBS
(pH=7.4)). The tested specinen has a surface area of 7

n dt j . | .
O, 3 b ey cabigon) st barofin o o

evol ufion'rate )
CORHSYE rata den ralhgey dbouind duntdde abowal ofcd3meeszed Ttpording to

A%,bl“té\g Igﬁiﬁ g@d&tﬁg in\lvl?r?erggr? fra fc’)ﬁodspggtg %Pfjer%g s% 111et slg)?ut%%q%tv{nognaspﬂ
of 7.4 at 37 °C.

22. The composition-of-matter of any of claims 1-14, being
characterized by a hydrogen evolution rate lower than 3 ml/hour, upon immersion

in a phosphate buffered saline solution having pH of 7.4.

23.  The composition-of-matter of any of claims 1-14, producing a
current at a density that ranges from about 5 uA/cm2 to about 25 uA/cm2 when

immersed in 0.9 % sodium chloride solution at 37 °C.

24. A composition-of-matter comprising at least 95 weight percents

magnesium, having a porous structure.



Schene 2 herei nbel ow. 25 WO 2007/ 125532

PCT/ 1 L2007/ 000520 61 Schene 2 Eg. 1 Pal m = Phydrogen
wo2maness3zol utm + Pvater vapor 19 5 From Eg. BCT/IL2007/000520
Phydrogen is extracted Eg. 2 PV = nRT From Eq. 2, n,

t he nunmber of hydrogen nnleg evol ved is cal cul at ed.

10 Based on these cal cg_l at i°dns

h be
pr esént edThe cemposiiguphgiter af 6l atéﬁls%:a%ﬁ grf%fagag’?ﬁr}?ﬁfié’y an
ﬁe%ge&ﬁ%f e?eg“?a& ) froff a bgﬁt B0 midi¥sh 18 366ute00 nbikioRs.
y olume [mlliliter

per day per square cm of
magnesi um . Results obtained were | ater mJI ti plied by

35 ¢ for,the est. e. rea .

conpggt e EP%FB“IB%{I gWaEt%?éfc’r\a“ﬁ’#g g DT |a1 éltr“ées Sstance
iRbRoPLtEs Bt andor kbl dBhbelow. WO 2007/ 125532

PC1/1 L2007/ 000520 62 Table 8 Solution J Evol ution

rate [m/hr] Average [m/hr] 0.9% NaC 3.094 2.47
0. 99 d ) 7 . 4)
0. 678" padlc Bpebtyf byl el R anligpcbiiged;
PBS (Bhh £ 5 fwedght beidédts téBSvefdhitl pérodnatmeddyniipml . 134

from 0.1 weight percent to 3 weight percent yttrium;

from 0.1 weight percent to 1 weight percent zirconium; and

from 0.1 weight percent to 2 weight percents calcium.

28.  The composition-of-matter of any of claims 24-27, being devoid of

Zingc.

29.  The composition-of-matter of any of claims 24-28, being devoid of

aluminum.

30. The composition-of-matter of any of claims 24-29, further
comprising at least one heavy element selected from the group consisting of iron,
copper, nickel and silicon, wherein a concentration of each of said at least one

heavy element does not exceed 0.005 weight percent.

31.  An article comprising a core layer and at least one coat layer being
applied onto at least a portion of said core layer, said core layer being a first

magnesium-based composition-of-matter.

32.  The article of claim 31, wherein said first magnesium-based

composition-of matter comprises at least 90 weight percents magnesium.

33.  The article of claim 32, wherein said first magnesium-based
composition-of matter further comprises at least one element selected from the

group consisting of neodymium, yttrium, zirconium and calcium.



PBS (PH 7.4 at 37 C) - 0.238 0.275 Plate PBS (PH 7.4
at 37 ¢ - 0.311 Plate As can be seen in Table 8, the
whywroesse evol ution rate of the tested 5 nagneSI/LER007/000520
all oy upon imrersion in a PBS solution was | ower than
the rate upon imersion ip a 0.9 % NaC solution. As

i ndi cat ed her ei nabo it Ps reasonable to believe
t hat34-he Fhssaride %%/éil%@d 33 whereinpsaigdo fintti BRgagsipdased

nﬂ%sﬁi%h' 1éli‘ce"r§“sdrv§§13@f%ncto a physi ol ogi cal

Vi I onmen In order to conpare the results with the
absor ptl on capability of a human 10 physi ol ogi cal
enV| a S|np nodel, . was, used e i iper .et

38 our Hi et S R iy oo sk firsio magSesih-based
co%%‘sglz)ﬂ)lsdmm@ﬂnlm devel oped to calculate the

absorption capability of rats of different inert
gases. The nodel was therefore converted to hunan

phy Sﬁ;,gl OG¥nM allti%l gESP hfr‘l?:ia%m? £)| ?ﬁd R ﬁﬁsf?trsf ﬁggﬂﬁshuén-

The del ; presen Igur é P o, pre i'ct’s

b36S odsmpmﬂibrpéf atthykiEbgetomptises phicastanedieadt element selected
envi ronnent consists of two nethods,  diffusion and

frpyatheugionh conyaing of s Bakstompperand sicolescri bed by the
foll owi ng equation: WO 2007/125532 PCT/1L2007/ 000520
63 V-Q a(Pg-P1 1-e Perfusion Diffusion 5 Were: V
denoi®s tTHee atskr of ¢cleim Baf ehemin Icbidentretiopef eadhneft wjd at

he l.ood flo round the plate |ocation in
tefReor hearelggent P pateReed P elsh ik i ot e s

used, according to Pllper et al. (supra); a denotes
t he solublllty of hydrogen in blood in mlliliter

hydrdyen Pl article o amsr pf claimpPBédd, a‘therenatswés@usbrr@gn%smm—

val ue of 1 according to
bz}\slﬁé%?m%?m%?n' {11@3{{10’/ heazgn %nﬁlnmalf g\@?cnﬂ%y& ol ogy, 384, pp.
131-134); Pg denotes the pressure of hydrogen at gas
bubbl e i n_atnosphere; a _value __of 0.97 Atnpspheres was
used39.  The article of any of claims 31-38, wherein said at least one coat

layer comprises a porous composition-of-matter.

40.  The article of claim 39, wherein said porous composition-of-matter

comprises a porous polymer or a porous ceramic.

41.  The article of claim 39, wherein said porous composition-of-matter

is a porous magnesium-based composition-of-matter.

42.  The article of any of claims 31-38, wherein said at least one coat

layer comprises a second magnesium-based composition-of-matter.

43,  The article of any of claims 31-42, wherein a corrosion rate of said at
least one coat layer and a corrosion rate of said core layer are different from one

another.



P denotes the pressure of hydrogen in blood in
at nosphere; a value of 0 15 was used; D denotes
w@esomeztsBon coefficient equals to the diffusi oPCT/IL2007/000520
coefficient multiplied by the surface area to
di ffusion barrier length ratio. In order to adopt the
above equation to hurmn ﬁ%l ol ogy, the foll.aw n
d

par affbt er Shewarticlq eleaiopf E@H@ﬁ"’ déride furthsr compEsiRg At lqast one
g}v@% L ek QRd/6N%aid at
ad 394?%{:08 chggﬂg{w t%?%%e% ?}ﬁ%ﬁ@gﬁ& ea%%!;forl ISP% gssurred %loa
leb&t onekogt 1dee. surface area of a pl ate and screw
structure is 35 cnR2; The blood flow around a bone was
calculated as 5 nmilliliter per mnute per 100 grans
boneggand fife %@Moﬂaﬁy'oﬁ@iaﬁﬁ@BPﬂh}’be‘iﬁ’gea Rleard ddvive. i n
the bone bl ood 25 vessels and not around it [1I.
McCart hy, Journal of bone joint surgery - American
(2006), 8 PR.: A&- 9F; u 1
i cr gﬁ V\ige $rgc)f % ?1§1rrge{§;0t%s’é§{é];np Al %%e(ﬁéal 8%ice is an
iifhadbletmddnal ddyigd.cal |y, the diffusion barrier is in a
range of 10 - 100 mcrons [H astala and Van Liew,
Respi ration physiology (1975), 24, pp. 147-158]. 30
Aftegyi nsarty, c&lhﬂe i éu&gm%&rm% uﬁaqeaghy&ie‘)ltﬂe@ﬁeélﬁ&%ased
t he equatl on ove t i ned value for the
cahﬁmtpxtn-oﬁqmﬁﬁeﬂwldcbgmnphadsbl es in the perinmeter of the
plate _is & mlliliter F hour. WD 2007/ 125532
PCT/ PisEH7 W@@‘é@eméﬁsﬂﬂ%q 9 back to the results
preserkeds 'vf&g-’fﬁl%l%eﬁts th 5 vicishtPerceABMebdiahiukhie rate of
hydr ogen evol ution of the exenplary magnesi um based
con‘p@@ﬂt 0.dwedght gencenicto 3t weighibareenhEtiumg; t hi n t he

nopr SORL0 E5RGAE - B0 g AR et BRI 1 o

wWhi clirosd @1 Wedght edent 8,2 weighCpdréats dalcitune cont ext  of
separate enbodi nents, may al so be provided in

conbination in a si ngl e enbodi nent. Conversely,

varigys f g"ﬁé grge%g a?fie\%‘@ f &Xﬁﬁ‘ﬁ? %her?lm%tﬁrbo%&snfoﬁfof—matter

brevity, ed ih fhe context of a si ngl
cembnebsmerehstmelghtqmmtsmagmsmﬁd separately or in any
sui tabl e subconbi nati on. 10 Al though the invention has
been described in conjunction with specific

enbodpmentss rﬂe'&ﬁ!’a? ‘Elfawcé tcohfpn@iﬁ'gd@ Aagh8¥imIBABM composition-of-
alternatives, nodifications and
matter which comprises at least 95 weight percents magnesium, said composition-
of-matter being characterized by a corrosion rate that ranges from about 0.5 med to
about 1.5 mcd, measured according to ASTM G31-72 upon immersion in a 0.9 %

sodium chloride solution at 37 °C.

50.  The medical device of claim 49, being characterized by a corrosion
rate that ranges from about 0.1 med to about 1 med, measured according to ASTM
G31-72 upon immersion in a phosphate buffered saline solution having a pH of 7.4

at 37 °C.

51.  The medical device of claim 49, wherein said composition-of-matter
further comprises:

from 1.5 weight percents to 5 weight percents neodymium;



variations wll be apparent to those skilled in the

art. Accordingly, it is intended to enbrace all such
w@bdoenesss: ves, nodi fications and variations the€T/f12007/000520

within the spirit and broad scope of the appended

claims. Al publications, gﬂtents and patent 15

applications nentioned_in this specification are

her eftAm; hi Sreight Beeentita 3o¥right nerrept By 1 ef er ence

| nt ogbAR), FR%thft péBLe el PR SRR and® if each

i ndi vi I catl on, nt or patent application

was ﬁpmd) i mgﬂt peraent to ﬁdwmgld:lpatdeytswahtumat ed to be

i ncorporated herein by reference. In addition,

citation or identification of any reference in this

appl 5z.at i Phe Shalikcainalevite @Pnahy USH AEmaN 4adT] sehewin said

that such 20 reference is available as prior art to
carpposgiasseinmaiteriedevioithol 248.2007/ 125532

PCT/ 1 L2007/ 000520 65 WHAT IS CLAIMED IS: 1. A

conposition-of-matter conprising: at |east 90 weight

percsht s Wagnesdicall devive bfSamei ghtclgiescdfitd, t ehérein said

wei ght percents neod fromO.1 weight percent to
COPRSIHRrolyRtEt W&/MHW‘E% 0.1 weight percent to 1

wei ght percent zirconium and from 0.1 weight percent

to 2 weight percents calcium the

conpd4i t i The ofnedigel etevivei mf dey ookl ddimsi 148 532. whbkgsin said

c CO%SI ! Ito thg?r i ! ecg]chgé{ésg% %HQaé or}gohrg% ?r%n? elleéata(% IVfrom

t&%ﬁﬁb&ﬂsﬁ»ﬂngfof WBh! &ppe Mikkieh hitDsifitorl, @@fkei®a coRbcifation of
per cents I’mgneSI um tp he COlTpOS| tion-of-matter bei ng

ea::haxf seid et lepgipug eavycelemensi doss pefrexceqd)-00 weighkrareant
about 0.5 ntd to about 1.5 ntd, measured according to
ASTM G31-72 wupon imrersion in a 0.9 % sodi um chl ori de
sol upb.on ahe Hedical dhdcecoigysoftdlaimsaii7; 48rand §2-5Bewherein said
devoi d of _zinc.. 4. The .copposition: of - margter of ﬁ' ai

cempesitiqigofematiercis shpmgigriggd BY acwrrosiandate pterapges from about
053088 % A8 %bﬁh‘& Hedsufidh 20 APRUA S MG - 7§‘%@§H hi@hersion

accordl ng to ASTM G31-72 upon immersion in
i 0.9 ph avdivimudh@idedobailone336Cut i on having a pH?at 37C.
5. The conposition-of-matter of claim3, further
conpri si ng:

56.  The medical device of claim 55, being characterized by a corrosion

rate that ranges from about 0.1 mcd to about 1 mecd, measured according to ASTM
G31-72 upon immersion in a phosphate buffered saline solution having a pH of 7.4

at 37 °C.

57. The medical device of any of claims 47-54, wherein said
composition-of-matter is characterized by a hydrogen evolution rate lower than 3

ml/hour, upon immersion in a phosphate buffered saline solution having pH of 7.4.

58. The medical device of any of claims 47-54, wherein said
composition-of-matter produces a current at a density that ranges about 5 uA/cm2 to

about 25 pA/cm” when immersed in 0.9% sodium chloride solution at 37 °C.



from1.5 weight percents to 5 weight percents

neodym um from 0.1 wei ght percent to 3 weight percent
wq@rdorizasg2 from 0. 1 wei ght percent to 1 wei ght PEr/O2007/000520

zirconium and from 0.1 weight percent to 2 weight

percents calcium 6. The cggp03|t|on of - natter of any

%03}5 2555% gmff g%d%%\c/ﬁo 6%11%?4%%3 having at least one

a&%ﬁaﬁétﬁﬂc%eﬁf -fabhdrth@boany of claims 1-5, conprising
from 1.5 WE|§ ht percents to 2.5 weight percents

neodym um 8. The conposi tion-of -matter of any of

vei ol pedbeitedii Sele of Wl QahBo L oRFER habPapad a

leabt cﬁfé%ddituﬁxbﬁbnﬁﬁpdmtﬁm—@&ﬁ@ﬂtér%eﬂﬁg hppviedl oﬁtolat\/‘leaﬂ Rtportion of
percent to 1.5 weight percents yttrium 10.

S%@ﬁﬁ&ﬁiméﬁaﬁdmﬁoémo@fﬁﬂﬂ%ﬁ%f clains 1-5, corrprl si ng
from 0.1 weight percent to 0.5 weight percent
zirconium 11. The conposition-of-matter of any of
cl ai 6. 1- The m@ii’tpnii@iv'mg‘of?ar@rlof \nlairghﬁﬂ ﬁigrﬁlethescompnsing at

d Q.30
neo %ﬁ urﬁﬁ%@ﬂ 3%& ok flﬂV'ﬂgﬁ saatht gn%ﬁ'ﬁ wan'%ased

C(;i%pos-[tlftﬁl SRRRAS Heﬁrfghﬁibhedf@ﬁtb%% 1e%§t Apoiise thetedEms 1- 10,
conprising: 2.01 wei ght percents neodym um 1.04

wei ght percent yttrium O0.31 weight percent

£ ool SRR ReLeAR S, SRLE! U0 M sl

nmedidpl dsficeg at | east one heavy el enent selected from
the group consisting of iron, copper, nickel and
silicon, wherein a concentration of each of said at

| ea3k3.°”e}§$ E}é%d@eh AR OG5 ?%ﬁ%ﬂg%ﬁ rﬁmgugc'i_ic"l(ﬁ{p%ttable

per cent . nposi ti on-o
nedebhdevice. and 12, further conpri sing: 0.004 wei ght
percent iron; 0.001 weight percent copper; 0.001
wei ght percent nickel; and 0.003 wei ght percent

siligan. loprothd &P}Hf@ﬁ&iﬂg’ £ MdhedBhMa5e P Eordpksittin-of-matter,
clainms 1-14, being aracterized by an inpact val ue
thei ybesss edmaprisin? Joul e.
casting a mixture which comprises at least 60 weight percents magnesium,
to thereby obtain a magnesium-containing cast; and
subjecting said magnesium-containing cast to a multistage extrusion procedure, said
multistage extrusion procedure comprising at least one extrusion treatment and at

least one pre-heat treatment, thereby obtaining said magnesium-based composition-

of-matter.

65. The process of claim 64, wherein said multistage extrusion
procedure comprises:

subjecting said cast to a first extrusion, to thereby obtain a first extruded
magnesium-containing composition-of-matter;

pre-heating said first extruded magnesium-containing composition-of-matter

to a first temperature; and



WD 2007/ 125532 PCT/ |1 L2007/ 000520 67 16. The
conposition-of -matter of any of clains 1-14, being
w@eh@raziser i zed by a hardness hi gher than 80 HRECT/II2007/000520
The conposition-of-matter of any of clains 1-14, being
characterized by an uIt| mate tensile strength hi gher
than 200 I\/Pabé gltlon of - matter of..any
cl i ADISCATE Saidehisy & ‘e erasier gy BnE SATPOF IO g fpatier
16 b Is8RBH exBuSIBRT tof t'ﬁé‘i'%b} WBtMd-seddhd Hifided ma nesmm—contammg
conposi tion- of-matter of any of clains 1-1 bei ng
copesidereef-pederby an el ongati on val ue hi gher t han 15
percents. 20. The conposition-of-nmatter of any of
clainms 1, 2 and 6-14, being characterized by a

cor r @6i onThat grdcbit of ablgRe 8HOUIhedeih BEid hltBHAdt edtrbsion
, measured according to ASTM G31- 72 upon i nmer si on

prcweaure Tuythgr seyaprisascibssqugnt tosaid sepand extrugionc, 21, The
CO"pisr‘é ﬁéaaﬂ Qaid 8L doRH %I trRb@ eéigsm e&&galﬁlﬂgtgﬁqg@sit&%f—

COTrosion rate t rang abou
n&kﬁeutoa]senmnﬂ,tenmaﬁlmre,chmiccor ding to ASTM G31-72 upon
imersi.on.in a hos ate buffered .saline.sol uti
havi SePIsE wgl s%ﬁi s,eca texgry r@a;_gnequ@-contammg compos1t10n—of-
nSREPRS thirfdBxRhsiomt t er of any of clainms 1-14, being
characterized by a hydrogen evolution rate | ower than
3 m/hour, upon imersion in a phosphate buffered
sali o) tion having pH of 7.4. . The . .
cormadi ¢ 1 e GRORL bh i BEghim 64:46, Fd pmorisig sybiestjne
s&d tﬂd@h&@ﬁh—kﬁ%e@cdﬂﬂﬁ&iﬂoﬁ-dﬁlﬁéttdrwlSﬁrféde@féaﬁﬁkﬁiﬂt 5 Acn?
to about 25 pA/cn2 when inmersed in 0.9 % sodi um
chloride solution at 37 C. 24. A conposition-of-matter

COMPIgkST NG @eb &AShr Ot IR GENLS ( IARARALHT sclected

havi ng  a porous. structure

fid@T thee IgPA P doLISHRDof @R vESion Theatingparplosiotlizorg: of - matt er of
cl ai m 24, being characterized by an average pore

di aneter that ranges from about 100 microns to about

200 mhCr oNse prass JenyCONNNst 44068, Ainet®h s8id RAgrebiinbased
24, havin an active substance

composmon- -matter comprises at least 90 weight percents magnesium.

70. The process of claim 69, wherein said magnesium-based

composition-of-matter comprises at least 95 weight percents magnesium.

71.  The process of any of claims 69 and 70, wherein said magnesium-
based composition-of matter further comprises at least one element selected from

the group consisting of neodymium, yttrium, zirconium and calcium.

72.  The process of any of claims 64-71, wherein said magnesium-based

composition-of-matter is devoid of zinc.

73.  The process of any of claims 64-71, wherein said magnesium-based

composition is devoid of aluminum.



i ncorporated therein and or attached thereto. 27. The
conposition-of-matter of claim24, further conprising:

wo e@m113532 wei ght percents to 5 wei ght percent SPCT/IL2007/000520
neodym um from 0.1 wei ght percent to 3 weight percent

yttrium fromO0.1 weight pejcent to 1 wei ght percent

zircaniu and fromO. I gh rgent. ta .2 wei ght
percggtsnbgFéWﬁﬁFs%§%3$#33@Hﬁﬁ%%ﬁgi !%?ﬁﬂ&ﬁ?%¥w§Pnﬁ ed
cOip64iabIIEL- Rt Furthel B6n iafl 10kt ofd Réavy 2%emeHi@elected from
conposi tion-of -matter of any of clains %4-28, bei ng
theegroupicomisting afirprnicked coppes andpilisent i on- of - matt er of
any of clainms 24-29, further conprising at |east one
heavy el enent selected fromthe group consisting of

I ron,75. coppeethodiof padmating: sstdoigeasis imasuBjett laaving an impaired
concentration of each of. sajd at, | east. one . heav

bang n@ﬁtma‘i}@g KBTS BRCHE0HS 2 WEPEHY ‘ife?aég r}fn.PatEi‘i/ bepe the
cBfbb&iiGn-SRAREES hitR1PorGREBedl ax\ﬁae 8Pshyadr st -6pe coat

I ayer being applied onto at |east a portion of said
core layer, said core |ayer being a first
magnesi um based conposition-of-matter. 32. The article
of claim 31, wherein said first magnesi um based
conposition-of matter conprises at |east 90 wei ght
percents magnesium 33. The article of claim 32,

wherein said first nmagnesi um based conposition-of
matter further conprises at |east one el enment sel ected
fromthe group consisting of neodym um yttrium

zi rconium and cal cium WD 2007/ 125532

PCT/ 1 L2007/ 000520 69 34. The article of claim 33,
wherein said first nagnesi um based

conposition-of-matter is devoid of zinc. 35. The

article of claim33, wherein said first

magnesi um based conposition is devoid of alum num

36. The article of any of clainms 31-35, wherein said
first magnesi um based conposition-of-matter further
conprises at | east one heavy el enent selected from

the group consisting of iron, nickel, copper and
silicon.



37. The article of claim36, wherein a concentration
of each of said at |east one heavy el enent does not
we@eaesse2 01 wei ght percent. 38. The articl e oPCEHM2I@H000520
clainms 31-35, wherein said first magnesi um based
conposition-of-matter has a nonolithic structure. 39.
The article of any of clai ™8 31-38, wherein said at
| east one coat |ayer conprises a porous
conposition-of-matter. 40. The article of claim 39,
wherei n said porous conposition-of-matter conprises a
porous polynmer or a porous ceramic. 41. The article of
claim 39, wherein said pdiigwrelconposition-of-natter
i s a porous magnesi um based conposition-of-matter. 42.
The article of any of clains 31-38 _wherein said at
| east one cojl N T
magnesi um bag
of any of cl g
said at | eal e
sai d core | aj
2007/ 125532 e
any of cl ai g
active subst .
said core | ajgle
45. The arti j
medi cal devi |
sai d medi cal RN e :
47. A nedi ca R A— _ ¥ne
magnesi um based conposition-of-matter which
conprises: at |east 90 wei ght percents magnesi um from
1.5 weight percents to 5 weight percents neodym um
fromO0.1 weight percent to 3 weight percent yttriuni
fromO.1 weight percent to 1 weight percent zirconium
and fromO.1 weight percent to 2 weight percents
cal cium 48. The nedical device of claimd47, wherein
sai d conposition-of-nmatter

~/
N,

T e
e 'he article
— R
i on rate of
ot her. WD
article of
| east one
rporated in

coat | ayer.
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conprises at | east 95 wei ght percents nmagnesium 49. A
nmedi cal device conprising a magnesi um based

W@ o09p0s3sst on- of - matter which conprises at | eaBCT/B2007/000520

wei ght percents magnesi um said conposition- of-matter
bei ng characterized by a corrosion rate that ranges
fromabout 0.5 ntd to abodf8 1.5 nctd, neasured
according to ASTM G31-72 upon inmersion in a 0.9 %
sodi um chl ori de sol uti onFigur@a C. 50. The nedica

devi ce of claim 49, being characterized by a corrosion

rate that ranges fromabout Q.1 nt ncd,
nmeasur ed ' Bion in a
phosphat of 7.4
at37C. 5 rein
said co from
1.5 weig mum WO
2007/ 125 ght

per cent wei ght
per cent omO.1
vei ght  p EEsCssREETEl e Sited o DR , 2. The
nedi cal device of any of cla =S5, said
conposi tion- of - natter is devoifl o ' The

medi cal devi diMg e b gei%IT8 WMS3§%YMM§$e n said
conposi ti on- gﬁo ?Eﬂ ils2pa%21 4 IJCAPINE-RIFRS b4, The
nmedi cal device of any of clains = ™h said

conposition-of-matter further conprlses at | east one
heavy el enent selected from the group consisting of
iron, copper, nickel and silicon, wherein a
concentration gfgurgaeh of said at]ﬁ§ﬁ§§bone heavy

el enent does not exceed 0.005 wei ght percent. 55. The
medi cal device of any of clalns 47 48 and 52- 54,

wher ei n terized

by a cor PRI 2L SEEN). 5 ntd to
about 1.8 - Elhe AL Y1 - 72 upon
i Mer si ojuad “ [ e F bn at 37
C. 56. T

Mg - 16.75% Y —6.7% Ca
[Mg-52%Y-~30%Nd | -1353% Zr
. Mg —24.4% Nd .
BioMag 352 |_-4%ca BioMag 351
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rate that ranges fromabout 0.1 ntd to about 1 ntd,
nmeasured according to ASTM G31-72 upon immersion in a
w@bespsse buffered saline solution having a pPCDIL26074000520
at 37 C. 57. The nedi cal device of any of clains
47-54, wherein said conposition-of-matter is
characterized by a hydroge&“bvolutlon rate | ower than
3 m/hour, upon inmersion in a phosphate buffered
sal i ne solution having pH of 7.4. 58. The nedica
device of any of clains 47-54, wherein said
conposition-of -matter produces a current at a density
that ranges about 5 A/lcn2 to about 25 A/cnR2 when
imersed in 0.9% sodi um chloride solution at 37 C. WD
2007/ 125532 PCT/1L2007/ 000520 72 59. The nedica

medi cal devi ce. 63 The nedlcal deV|ce of cIa|n162
bei ng an opthopedi c i npl ant abl e nedlcak:deV| 64. A
process of RaDAI a magnesi um based éeb
conposition-of-matter, the process conprising:
casting a mxture which conprises at | east 60 wei ght
percents nagneS|un1 to thereby obtain a

aacYalat- - aenNd subj ecting said

b a nul tistage extrusion
extrusi on procedure
usion treatnent and at

, thereby obtaining said
of-matter.
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65. The process of claim 64, wherein said nultistage
extrusion procedure conprises: subjecting said cast

WO 2001235855t extrusion, to thereby obtain a firBCT/IL2007/000520
extruded nmagnesi um contai ni ng conposition-of-matter;
pre-heating said first extruded magnesi um cont ai ni ng
conposition-of-matter to #&irst tenperature; and WO
2007/ 125532 PCT/1L2007/ 000520 73 subjecting said
first extruded nagnesi um cont ai ni ng
conposition-of-matter to a second extrusion, to
thereby obtain a second extruded nagne5|un}conta|n|ng
conmposi | of et ter 66 The process | & m 65,
wher ei n sai d nultlstage extru5|on procedu ef urt her
conpri ses, subsequent to said second extrugion:

pre-heating s¥¢ cgnt ai ni ng
composi fion-o0 A matter to a second tenperaudge and
subj ect \ oft ai ni ng
conposi fion-of - yratter to a third extrusi one67. The
process|of any o i si ng
subj ect | ng [ B gneS|un}based conposi ti ¢grr=of - matt er
to a suf 68. The process of [claim67,
wher ei n| sai ‘ i romthe

group cpnsisting of conversion coati ng and E&odi zi ng.
69. The| process of ary of clainms 64-68, whé¢rein said
magnesi im based conpodsition-of-matter conpr8ses at

| east 9D wei ght percenf\s magnesi um 70. Thg @rocess of
claim 6p, wherein said Nagnesi um based
conposi fion-of -matter coRprises at |east 9% meight
percentp magnes . TRe process of any qg anlns
69 an§§70 wher ei N SATtR gnesi um based

conpo R

el eme selected from the o\
neodynspm yttrium zirconiury s
procesy{ of any of claims 64- 7

magnes®lim based conpositi on- oh :egoid o]
zinc.'§3. The process of any of £ wherein
sai d rdpnesi um based [~
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conposition is devoid of alum num WO 2007/ 125532
PCT/ 1 L2007/ 000520 74 74. The process of any of clains
W®20073255%her ei n sai d magnesi um based PCT/IL2007/000520

conposition-of-matter further conprises at |east one
heavy el enent selected from the group consisting of
iron, nickel, copper and sPl8 con. 75. A nethod of
pronnting osteogeneS|s in a subject having an inpaired
bone, the method conprising placing in a vicinity of
sai d i n’pal red bone the conposition-of-matter, article

CQ0E+@Tar—deviceof —any of crarms I-63. VO ]
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