BIOCORRODIBLE MAGNESIUM ALLOY IMPLANT The invention relates to an implant comprising a
base body made of a biocorrodible magnesium alloy. TECHNICAL FIELD AND BACKGROUND
Implants are being employed in a wide variety of forms in modern medical technology. They are used,
for example, to support vessels, hollow organs and vein systems (endovascular implants, such as
stents), for fastening and the temporary fixation of tissue implants and tissue transplantations, but also
for orthopedic purposes, such as nails, plates or screws. A particularly frequently used form of an
implant is the stent. The implantation of stents has become established as one of the most effective
therapeutic measures for the treatment of vascular diseases. Stents have the purpose of performing a
stabilizing f&i&%ﬁ%@?&%‘o?g%ﬁ%@&%ﬂﬁ%é%ﬂm%%@g stents featuring conventional
designs have a filigree supporting structure comprising metal braces, which is initially present in
compressed form for introduction into the body and is expanded at the site of the application. One of
the main applicafiSiPHRERLHEUdR SRAERERS SERRARER SPtEntsdrarmy it anitoiacsa
vascular copsiFiians, Pryficularly constrictions (stenoses) of the coronary blood vessels. In addition,
aneurysm stents are also known, which are used primarily to seal the aneurysm. The support function
is additionally provided. Stents comprise a peripheral wall with sufficient load-bearing capacity to hold
the constricigtioEs3€! ApaTEI hezdasi Bl EKieR@UN B tubular base body through which the blood
continues to flow without impairment. The peripheral wall is generally formed by a lattice-like
supporting structure, which allows the stent to be introduced in a compressed state, in which it has a
small outsidengiamaetee, Bditleswigloiedhe stanesis afidhe qafsieniamvesskitorheditaatedhanib iy be
expanded t% re, for example by way of a balloon catheter, so that the vessel has the desired, enlarged
inside diamblEs’ ALSart SoriGHVE LPElSe e tBRP: 2 1rilteritl QU S AR h08 the ity to
self-expand sdenaacigstarijgaiascaistelininatey thatrkeepsthednmplanhaioasmeail diametafssibe
restoring force js generally applied to the material b rotective tube. The implant, ngtably the stent,
a5 2 base DU TAE B R DRI e DA RO AVIRG AP N i
used for applications i paedicineyaineinisiacisewithrbiologidalsiyatamse Atbasic prerequisite for the use
of a material as implant material, which is in contact with the body environment when used as
intended, is the body friendliness thereof (biocompatibility). Biocompatibility shall be understood as the
ability of a rniatetighlto@viokeo&ntappiopriaietissueddspedss ina specifia@pplitation.(Hdipouciudes an
adaptation of the chemical, physical, biological, and morphological syrface properties of an implant to
the reciprenS TSt W SRR £ N LSBER VARG ST HE BIGBESy A oP o mptan
material is atabilepgntlention the tethporalgourse of thairaspdosetios thedpiosystemtsn fahicinig is
implanted. For ex?mlg)lie irr.itati%:s anglinflammatio S occurtin a relativel shotrtlgmeé whi hﬁ:an lead to
tissue changes, Depending on the properties oftRe IMplant matenal, biotogical syateims thus Yeact in
different waystiAbcoreling to themaspanseohthe biosystaion thednpldotmaitdrialsxganded dividked into
bioacive, biginet and dgaradable, or jeserbable materiale, Implant materials comprise pojymers.
metallic matefia S, an Réramic materials (as coaPt]ijngs, for example“}. |ocompa9| e metals and metal
alloys for peempmentymplants aodhpriisd, fopexampte]stainiess etoets (pucivalarBil 6t)ncobalbizased
alloys (SUCR ) CoﬁrM ast alloys CrMo forge alloys. CoCrWNi forge alloys and CqCrNiMo forge
oy, tect e R bl AP AT SOy (kL S B A S AR and
gold alloys.vhithe fieldueédbipoorodijble steritshthensseysfirmdiwresippodr fechiicali purdliramasywell as
biocorrodibler(pva}agdalloys of the elements magnesium, iron, zinc, molybdenum, and tungsten are
proposed. The present invention relates to biocorrodible magnesium base alloys.

Stents comprise a peripheral wall with sufficient load-bearing capacity to hold the
constricted vessel open to the desired extent and a tubular base body through which the
blood continues to flow without impairment. The peripheral wall is generally formed by a
lattice-like supporting structure, which allows the stent to be introduced in a compressed
state, in which it has a small outside diameter, all the way to the stenosis of the particular
vessel to be treated and to be expanded there, for example by way of a balloon catheter, so

that the vessel has the desired, enlarged inside diameter. As an alternative, shape memory



The use of biocorrodible magnesium alloys for temporary implants having filigree structures is made
difficult in particular in that the degradation of the implant progresses very quickly in vivo. So as to
reduce the corrosion rate, this being the degradation speed, - 3 - different approaches are being
discussed. For one, it is attempted to slow the degradation on the part of the implant material by
developing appropriate alloys. In addition, coatings are to bring about a temporary inhibition of the
degradation. While the existing approaches are promising, none of them has so far been implemented

in a commexgiaiaavailableprodet Regarglesshaithasiferschadae soHal, thesesimathere cantinuing
need for solutions that make it possible to at least temporarilérreduce the in vivo corrosion of

magnesiunt 2TYY&CE URARRS dhfe ‘Brrkste?brindals ARty e e imioprisr Scmiheshed Moove are

solved, or aiJpRs&d mitigaiedehyl the dpRirbtiaeeasding to the invention. The implant according to the
invention comprises a base body made of a biocorrodible magnesium alloy. The magnesium alloy

contains a plurality of statistically distributed particles, comprising one or more of the elements Y, ZR,
Mn, Sc, Fe TN Gep1MMt, Rloandhnoklereartheswitbathepatyninauiaibersibifléar haetialloxs, igigtenapounds
containing one or more of these elements. The mean distance of the particles from each other is
smaller thafPie AL AHPSIBIY e Y s aters e Balsibistet BEMSR el i4Etials so
far, the corr@gipnii@sistanegshassalwaysibpendquNyeer hidnceasing iheipuifyapihe magrasium
material. Iron, njckel,.chromium, and cobalt are caonsidered tq be critical elements in this context.
particles coSinty IRtGAABEIR BoriSohRES, PAEINEE & FbrEHE LRSS (O%idesy
hydrides) orsegiegatiansrtAl IAMginpaiibinagnSsisonipateiialg sesulbinumierogatyanitheatiniion due
to the differept electrochemical potential. This results in local corrpsive §Brocesses which mﬁ{c‘sively

e

accelerate fHe bOPUSTEH fRte VP iRe thAIMAPEST tHiS e dSROBrevibisiPaitEin SPHSt R Beeh Hade to
minimize thixdadeeniiaiiipafithe (articlesciaitag ehipntPossideictineasdlutionrsiogidingderibe

invention, however, taPses exact%.th? orﬁgtosite aglﬁro%ch. In m&ga}esium m teri?Is, inll%eger.al, dthe

corrosion tHAPISBI5SeRiel attBRIE 8 itdfgiPicnts tssue withiihe aim ol a clinically desire
interaction. The biocompatibility of the implant material is also dependent on the temporal
course of the response of the biosystem in which it is implanted. For example, irritations
and inflammations occur in a relatively short time, which can lead to tissue changes.
Depending on the properties of the implant material, biological systems thus react in
different ways. According to the response of the biosystem, the implant materials can be

divided into bioactive, bioinert and degradable or resorbable materials.

Implant materials comprise polymers, metallic materials, and ceramic materials (as
coatings, for example). Biocompatible metals and metal alloys for permanent implants
comprise, for example, stainless steels (such as 316L), cobalt-based alloys (such as
CoCrMo cast alloys, CoCrMo forge alloys, CoCrWNi forge alloys and CoCrNiMo forge
alloys), technical pure titanium and titanium alloys (such as cp titanium, TiAl6V4 or
TiAl6Nb7) and gold alloys. In the field of biocorrodible stents, the use of magnesium or
technical pure iron as well as biocorrodible base alloys of the elements magnesium, iron,
zinc, molybdenum, and tungsten are proposed. The present invention relates to

biocorrodible magnesium base alloys.

The use of biocorrodible magnesium alloys for temporary implants having filigree
structures is made difficult in particular in that the degradation of the implant progresses

very quickly in vivo. So as to reduce the corrosion rate, this being the degradation speed,



locally very inhomogeneously. In the process, cathodic processes occur, which are - 4 - accompanied
by the release of hydroxide ions and the development of hydrogen, more specifically at defined
centers, namely the above-mentioned particles. The anodic dissolution process of the magnesium
material takes place in the surroundings of the cathodic center. The process can be divided into the
following partial reactions: Anodic:Mg -> Mg2+ + 2 e Cathodic:2 H20 + 2 e -> 2 OH + 112 The anodic
press is highly dependent on the pH value. For example, the Mg corrosion is massively accelerated at

pH < 5, whilgfieiginappivabhéeesel eratedmidakk el 10anshbasicaliicopanlate MdlistptedSaivesnthis
behavior, the release of h%droxide ions on the cathodic center leads to the protection of the direct

surrounding¥! PPy SAEh RHABLE B TAE T AR SN AP RERPEHFORI b TGt i s
biocorrodiblgdmaghiesiupball9ysngauthe Gliayeshyf addirgradlisalitypilhapegraayshylisitigted
particles to the material volume, a near-surface region, or the surface. The particles act as cathodic

centers withifF (REPEBEB0&- MeRtiohddTReaHnY, (hiASR {3 BN EREfy8r 8B gy 1 Qlfticiently

low and thepieagtionrRearartakes phace atedrbigh falé: Therparticles compiise.ooenahmesetthesglements
Y, ZR, Mn, Sc, Fe, Ni, Co, W, Pt and nobles earths with the atomic numbers 57 to 71, or.allogi?, or

compounds eBHNiIABRbIREF HoP8SSHHelt HidmEh i MAYKE BrasHiSHVEnTon YR LA MR shall

cover metalie exipasiiings.of the elements, and also compositions in which covalent bonds exist
between the elements. The alloys preferably contain magnesium. Compounds comprise in particular
hydrides and carbides of the above-mentioned elements. Biocorrodible as defined by the invention
denotes allgysNmviRerRphysiological environment of which degradation or remodeling takes place, so
that the part of the implant made of the material is no longer present in its entirety, or at least
predominantly. A magnesium alloy in the present case shall be understood as a metal structure, the
main constienbefndlichisthragnasiuma e snatie gaistituenhis tha alloyagcarstitlent, having the
highest weight proportion in the alloy, The proportion of the main cqoqstituent is .
g peas m tl%ateg, Ey tﬁeaimglant ac%orﬁ?ng to 816 E‘nven%on.olqle %mpqant according to the
invention comprises a base body made of a biocorrodible magnesium alloy. The
magnesium alloy contains a plurality of statistically distributed particles, comprising one or
more of the elements Y, ZR, Mn, Sc, Fe, Ni, Co, W, Pt and noble earths with the atomic
numbers 57 to 71, or alloys, or compounds containing one or more of these elements. The
mean distance of the particles from each other is smaller than the hundredfold mean

particle diameter.

In the development of magnesium materials so far, the corrosion resistance has always
been improved by increasing the purity of the magnesium material. Iron, nickel,
chromium, and cobalt are considered to be critical elements in this context. Particles
comprising intermetallic compounds, particles of a different chemical nature (oxides,
hydrides) or segregations (Al12Mg17) in magnesium materials result in microgalvanic
corrosion due to the different electrochemical potential. This results in local corrosive
processes, which massively accelerate the corrosion rate of the material. For this
reason, previously attempts have been made to minimize the concentration of the

particles to the extent possible.

The solution according to the invention, however, takes exactly the opposite approach.
In magnesium materials, in general, the corrosion that is observed attacks the material

locally very inhomogeneously. In the process, cathodic processes occur, which are



- 5 - preferably more than 50% by weight, particularly more than 70% by weight. The alloy is to be
selected in the composition thereof such that it is biocorrodible. A possible test medium for testing the
corrosion behavior of a potential alloy is synthetic plasma, as that which is required according to EN
ISO 10993-15:2000 for biocorrosion analyses (composition NaC1 6.8 g/l, CaC12 0.2 g/l, KC1 0.4 g/l
MgS0O4 0.1 g/l, NaHCO3 2.2 g/l, Na2HPO4 0.126 g/l, NaH2P0O4 0.026 g/1). For this purpose, a
sample of the alloy to be analyzed is stored in a closed sample container with a defined quantity of the

test medium@baffarabd PYitie3@1dRe sampleskaae remaverat intearalsrenhighh3e adaptedto the

anticipated corrosion behavior - ranging from a few hours to several months and analyzed for traces of

corrosion i BAEKSBIN AlafRBReFhe ditheRRPrREmMEACaAREYGITEIY IRRE fsByilifoes- 1519 otitp dic

correspondgitealead-like:eestiune angbitiuisuis aRessileamediimdarapogucily Eimylatete
physiological environment as defined by the invention. The term corrosion refers in the present

example to ABPHCHON Ir 4 MREIEThETErRS Kt fte RINVPSHRILAY tR& st B % measurable

change of the material is caused, which - when using the material in a component - results in an
impairment of the function of the component, The corrosigon process can be quantified by the provision
of a corrosio'PAIS" Swift degradation is assolidtedwithida high Corrosion rate, and vice versa. Relative
to the degradiatieaief the entire base bodyHao inmplant-thatiemodified as defined by the invention will
result in a decrease of the corrosion rate. The particles preferably have a mean diameter of 1
nanometer to 10 micrometers, particularly preferred 500 nanometers to 3 micrometers, and more
particularly THe Zhoits gnsters hinlihe &peaonsingsibé thie eathodiveertenpprotaetRibregiansdevelop

as a result of the release of hydroxide ions. The majarity of the protected regign aroynd an individual
cathoic comPHRPEIC G 8 ELea ol <o B BN oF (A RA Ll SR e L BUh i) B of the
magnesiumbmateral cdhe isizéyodl the protecied aras pihparbiclehshauid eedt hedsh i Geuaie on
micrometer, preferahly up to 100 square micrometers, with.up to 10000 square micrometers being
particularly ef&tﬁé) .lc-cgthlikﬁ?ﬂsﬁ%% tb}%?éﬂ%ﬁ?tﬁ%‘ Q?etﬁéﬁ'ﬁfr%t é)élf%(éil?%&ions has a size distribution
that is determined by the distribution of the particles. The protective effect on the total surface of the
magnesiu aterial is dependent on the number and sjze djstribution of the protected regions. The
umber of FARIBLA e SuREE o ind oS G DHorel iy 5708 11 AR Borttas Bbr mima,
or the numbeo @frpadtidie siaptheivalumeysf dve hadelbpdy by 28dNG toplirtQiQypali ticles garomh3. A ratio
of the mean particle diameter to the mean distance of the particles from.each other preferaply ranges
S A f e AR The

between 1:3 SHIP 119D BRI Pe Rartigliniy betiaen' 12%nd 10, TR Rotfollor YAk s

quantitativeppitiiisneediby the dathodiercenidiis ascfalbowe:-a)chie protectad igfal Aida b tpratect is
obtained by assuiing nor oerjaping brotecte egions fram the sum over fhe distibyiop of the
areas A _cathodic_center protected by the individual cathodic centers:
rate. The particles comprise one or more of the elements Y, ZR, Mn, Sc, Fe, Ni, Co, W, Pt
and nobles earths with the atomic numbers 57 to 71, or alloys, or compounds containing
one or more of these elements. In the present invention, the term 'alloy' shall cover metallic
compositions of the elements, and also compositions in which covalent bonds exist

between the elements. The alloys preferably contain magnesium. Compounds comprise

in particular hydrides and carbides of the above-mentioned elements.

Biocorrodible as defined by the invention denotes alloys in the physiological environment
of which degradation or remodeling takes place, so that the part of the implant made of the

material is no longer present in its entirety, or at least predominantly.

A magnesium alloy in the present case shall be understood as a metal structure, the main
constituent of which is magnesium. The main constituent is the alloying constituent having

the highest weight proportion in the alloy. The proportion of the main constituent is



A. protectAcia thodic center b) The corrosion rate R_corr is directly proportional to the corrosion of the
accessible sample area A_corr, wherein Atotal denotes the total area of the material: RA, A - A colT
totalprotectAtotal , A protect Atotal As a result, assuming the same abrasion depth, the corrosion rate
decreases as the percentage of area of the protectedyegion decreases. The percentages of area
mentioned can be determined experimentally. A particularly high protective effect is achieved precisely
when a sufficiently large

preferably more than 50% by weight, particularly more than 70% by weight. The alloy is
to be selected in the composition thereof such that it is biocorrodible. A possible test
medium for testing the corrosion behavior of a potential alloy is synthetic plasma, as that
which is required according to EN ISO 10993-15:2000 for biocorrosion analyses
(composition NaCl 6.8 g/l, CaCl, 0.2 g/l, KC1 0.4 g/1, MgSO4 0.1 g/l, NaHCO; 2.2 g/l,
Na,HPO, 0.126 g/l, NaH,PO4 0.026 g/1). For this purpose, a sample of the alloy to be
analyzed is stored in a closed sample container with a defined quantity of the test medium
at 37°C and pH 7.38. The samples are removed at intervals — which are adapted to the
anticipated corrosion behavior — ranging from a few hours to several months and analyzed
for traces of corrosion in the known manner. The synthetic plasma according to EN ISO
10993-15:2000 corresponds to a blood-like medium and thus is a possible medium to

reproducibly simulate a physiological environment as defined by the invention.

The term corrosion refers in the present example to the reaction of a metallic material with
the environment thereof, wherein a measurable change of the material is caused, which —
when using the material in a component — results in an impairment of the function of the
component. The corrosion process can be quantified by the provision of a corrosion rate.
Swift degradation is associated with a high corrosion rate, and vice versa. Relative to the
degradation of the entire base body, an implant that is modified as defined by the invention

will result in a decrease of the corrosion rate.

The particles preferably have a mean diameter of 1 nanometer to 10 micrometers,
particularly preferred 500 nanometers to 3 micrometers, and more particularly 1 to 2

micrometers.

In the surroundings of the cathodic center, protected regions develop as a result of the
release of hydroxide ions. The majority of the protected region around an individual
cathodic center depends on the size and composition of the particles and the
surrounding matrix of the magnesium material. The size of the protected area per
particle should be at least 1 square micrometer, preferably up to 100 square

micrometers, with up to 10000 square micrometers being particularly preferred.



number of cathodic centers is uniformly distributed in the material, and the overlap between the
protected regions is as small as possible. The optimal mean distance - 7 - d_mean between cathodic
centers without overlap can be estimated from a statistical analysis of the distribution: d Aprotect 2
meanN TC The protective effect can be increased both-by a large number of small protected regions
and by a small number of large protected regions. The mean distance of the particles preferably
ranges between 200 nm and 100 gm. The mean distance is in particular smaller than 20 gm. The

protected argapar ¢athegiekeniae iadepsndenpendbe eheminal Raturespidha catadia eantes and the
material mac%cgtxérmined by the distribution of the particles. The protective effect on the total surface
of the magnesium material is dependent on the number and size distribution of the
protected regions. The number of particles on the surface of the base body is preferably
1*#1072 to 1*1076 particles per mm?, or the number of particles in the volume of the
base body is 1*1073 to 1*1079 particles per mm’. A ratio of the mean particle diameter

to the mean distance of the particles from each other preferably ranges between 1:2 and

1:100, and more particularly between 1:2 and 1:10.
The corrosion rate is quantitatively influenced by the cathodic centers as follow:

a) The protected total area A_protect is obtained by assuming non-overlapping
protected regions from the sum over the distribution of the areas

A_cathodic_center protected by the individual cathodic centers:

Z cathodic center
A protect Ai

i=l---N

b) The corrosion rate R_corr is directly proportional to the corrosion of the accessible

sample area A_corr, wherein A_total denotes the total area of the material:

tect
Rcorr e Amrr e Atotal - Aprotect e Atotal [1 - — ]
Arotal

As a result, assuming the same abrasion depth, the corrosion rate decreases as the
percentage of area of the protected region decreases. The percentages of area

mentioned can be determined experimentally.

A particularly high protective effect is achieved precisely when a sufficiently large
number of cathodic centers is uniformly distributed in the material, and the overlap

between the protected regions is as small as possible. The optimal mean distance



The claimed modification of the material can be applied not only to the entire material volume, but
optionally can also be limited to the surface or the near-surface region of an implant. In this way, it is
possible to deliberately introduce cathodic centers into the surface of a workpiece by means of rolling.
This creates an initial corrosion barrier, and the degraglation rate increases over time. The particles are
preferably incorporated in the surface or the near-surface region of the base body. A relatively low
corrosion rate then occurs at the beginning of the onsetting corrosive processes, said rate increasing
over the coursg.ahtivagy ddtischehaniot s efewad datasviamparatilyd eduaingthe earrosiandiatal In the
case of coronary stents, the mechanical integrity of the structure should be maintained for a period of
three to six HBRHE fieiHBIHREERS. Implants as defined by the invention are devices introduced into
the body by a surgical procedure and comprise fastening glements for bones, such as screws, plates
or nails, surgical suture material, intestinal clggnps=vg Jdtps prostheses in the area of hard and soft
tissues, and anchoring elements for electrodes, particularlN #r pacemakers or defibrillators. The
implant is made entirely or partially of the biocorrodible material. If only a part of the implant is made of
the biocorrodible material, this part is to be modified accordingly. The implant is preferably a stent. - 8
- A further cBrcapbofctivecirnféntiornais te provides eddatkthyds for produsipg aof immpidnpeormprding a
main body f.a bigcorrodi i llo i agnhesj I tai plurality
of statisticaﬂéﬁg?%tgigﬁig §p§rrt§|)c é:islleﬁ{aﬁ\% %3 Ftrsﬁ;; g%)%\%ei-grrngg%%%%g gé%‘?ﬁp?&%éﬁ%ﬁﬁ%@%?ﬁ %%tance of
the particlepdroaiesapte bty ys mgdte btagehe2Rlndredfofd MEanmparticte tizamedertaand thelparticles
are incorpo i Iy ear-surface region of the base body. According to a first
variant, theﬁr%}g%%%%grr%g{%gggat g%%é?iving steps: (i) providing a blank made of the biocorrodible
magnesium alloy; (ii) applying a non-aqueous suspension of particles having the above-mentioned
compositiory{f, e blarl anch (s oling dhe patisss iniBdhe.sriaCe:r I eINRRFRuriactegion of
the blank. Accordingly, an oily suspension containing the particles to incorporated is applied to the
blank, fromaaHieHithechseubdtheisdemkshaped, and incorporated by rolling. This suspension can be
used as a lubricant both during cold rolling and during hot rolling. By optimizing the volume flow of the
suspension, temperature, contact pressure and speed, the incorporation of the particles in the surface

of the rolledltaghiesiesnnmaiédaliearrbéhoptintized . CRRO v aaneis kejitedl intp dhtcenar fonateigesium
alloys based apWWE43. AgeHAINOi A ReCBRdiNATIAN, ik MGHed SpmRrRes hiedrllowing Siges: ()
providing a blank made of the biocorrodible magnesium alloy;
an implant. In this way, it is possible to deliberately introduce cathodic centers into the
surface of a workpiece by means of rolling. This creates an initial corrosion barrier, and
the degradation rate increases over time. The particles are preferably incorporated in the
surface or the near-surface region of the base body. A relatively low corrosion rate then
occurs at the beginning of the onsetting corrosive processes, said rate increasing over the
course of time. This behavior is referred to as temporarily reducing the corrosion rate. In

the case of coronary stents, the mechanical integrity of the structure should be maintained

for a period of three to six months after implantation.

Implants as defined by the invention are devices introduced into the body by a surgical
procedure and comprise fastening elements for bones, such as screws, plates or nails,
surgical suture material, intestinal clamps, vessel clips, prostheses in the area of hard and
soft tissues, and anchoring elements for electrodes, particularly for pacemakers or
defibrillators. The implant is made entirely or partially of the biocorrodible material. If
only a part of the implant is made of the biocorrodible material, this part is to be modified

accordingly. The implant is preferably a stent.



(H) applying particles having the above-mentioned composition to the blank; and (iii) melting the
magnesium alloy onto the near-surface region of the blank. According to this variant, the particles to
be incorporated are applied directly onto the blank, which later forms the base body. After that, the
magnesium alloy is locally melted on the surface, for gxample by laser treatment. After cooling, the
particles are then embedded in the near-surface region of the blank. - 9 - The invention will be
explained in more detail hereinafter based on embodiments. Embodiment 1: An iron
particle-conaining4Cbemigals fanéha rraasicionAaRAv@lakle flemodignapiinch Paricktiameter
smaller than 100 nm) suspension is applied, for example by spraying or immersion, onto a
plate-shaped Bk Hade B the Tdgndaflim Hiidy RPSIES R0 Jerkritea Mlidhality dstdbtically
homogeneansedisHibutinoyof drempaatialas]ihhis suspapsignican hecdsedrsa habrigamiagsvduring
cold rolling and during hot rolling. The F[ﬁarticles are incorporated in the surface of the blank by the

rolling procB& HREhSPIHIAS HER-olYf Hherdisas thdausT St Ratdad A B cartotienie aPAtGstance
by increasingathehbardnessifJiaehiankpssulksanuenty piRcessedinte:therbasedspsiied the inplant.
Embodiment 2; Tungsten particles (availabl ‘[Jlrom Sigma-Aldrich; particle diameter approximately 150
nm) are apﬁﬁé@‘iﬁ ?ﬁé“f@ﬁﬁaBTsﬁrm&Egl%ﬁf Blléfié@g‘?élﬁed blank made of the magnesium alloy AZ31
and homogeneously distributed by shaking. When using complicated three-dimensional structures, it is

also advantageous to use.an adhesion-promoting polymer to coat the surface before the laser alloying
process. Bﬁggﬂyﬁiagﬁ% HEyEr g @8%&!&%&8}5‘?@@8&%@&rectly adjust the mean
distance betiyeepievigsign priticlasdd bettingstenrpaiticlas aiesinaonposated into the magnesium alloy

by laser alloying. To this end, the workpiece is locally melted.using a high-performance laser diode
Ohdlor argon hor BRI 2 A BARE0LTe BERRBES 5 by Rk A e Pt BT e er 15 0.5

to 1.0 m/min. Thedispoefiite @rgerbpigvents an oxidation of the magnesium material and of the

tungsten during processing. . . . . .
g (ﬁ%g FI)‘O?I(I:Ilg %he%artlcles into the surface or into the near-surface region of the blank.

Accordingly, an oily suspension containing the particles to incorporated is applied to the
blank, from which the base body is to be shaped, and incorporated by rolling. This
suspension can be used as a lubricant both during cold rolling and during hot rolling. By
optimizing the volume flow of the suspension, temperature, contact pressure and speed, the
incorporation of the particles in the surface of the rolled magnesium material can be

optimized. The variant is suited in particular for magnesium alloys based on WE43.

According to a second variant, the method comprises the following steps:
(1) providing a blank made of the biocorrodible magnesium alloy;
(i) applying particles having the above-mentioned composition to the blank; and

(ii1)) melting the magnesium alloy onto the near-surface region of the blank.

According to this variant, the particles to be incorporated are applied directly onto the
blank, which later forms the base body. After that, the magnesium alloy is locally melted
on the surface, for example by laser treatment. After cooling, the particles are then

embedded in the near-surface region of the blank.

DETAILED DESCRITPION



- 10 - fragment of the implant can be achieved by locally influencing the degradation rate, for example
by providing the surfaces of the segment rings of a stent structure, but not the longitudinal connecting
struts of the segment rings, with cathodic centers according to the invention, whereby the struts
degrade more quickly than the segment rings. Because  the connecting struts dissolve more quickly,
high longitudinal flexibility is achieved quickly, wherein the load-bearing capacity of the segment rings
is still maintained. The particles provide not only corrosion protection, but also increase the wear
resistance ggRinst@lrasion bydraigasing thenbasdress hiradsitiaon Ry suitabhpseleeting the particles
and the composition thereof, polymeric substances can be effectively bonded to the surface. These
polymeric substances can have a corrosion-inhibiting effect on the one hand, and on the other hand,
they may coraipdemearimore pharmacological active ingredients, or exhibit a pharmacological effect
themselves. The additional coating with a polymer can be technically implemented, for example, as
follows. PLLA L214S (Boehringer Ingelheim) is dissolved in a concentration of 1.6% (w/v) in
chloroform and f@papayGinds @deeshas (e active subsiangeodihe@ctive ingiadient eomtesizpreferably
ranges between 15% and 20%, in relation to the solid matter content. The implant made of the
modified mAJABSTrRAHSY i§ HAIHEFs¥H 401 BRE oY iR tHsasitidh KsiRg MiluieRIARR Fobbt, pulled
out, and airspeiaiRing iniiiegsons devn HseRpe BraROTAIE:tBE welvienkhisnineessZs repeated
until a sufficient layer thicl}ﬁg of approximately 5 gm has been reached. The embodf'ments also

apply analo§oQsiyedfhe Y BB GRS AR BRI 8 Sth PBRBIE FE will be

apparent to those skilled in the art that numerous modifications and variations of the described
examples g.embodiments are possible in Jight of th §bo_ve teaching. The disclosed ex les and
embodiment SIS BRI et ol oL ase RSN SR L) NP CHHBATA G HEy imclude
some or all Di¢hgafeatenesdiselogedldnerdin. i sreface, dfishiheinignbjothevienlallspeiresadifigations
and alternate embodiments as may come within.the true scope of this invention. CLAIMS What is
claimed is PRH ﬁ%pf}frﬁt ﬂ'&i}'inl %{%5%& eo&;?%ﬁ%?ﬁ%]’ié?ﬁ(ﬁeﬁtb? Cobr%(ﬂ mgg‘ﬁ@g{uﬁqsé%g}%vﬁérein the
magnesiumisdleysaantainsalusaliphef istatistically @igisbuie grpasticie SnwhekeimtbebmBanfdistance of
the particles frgm each other is smaller than the hundredfold mean particle diameter, and the particles
comprise ohrgfg?%ore of the elements Y, Zr, Mn, Sc, Fe, Ni, Co, W, Pt, and noble earths with the
atomic numbers 57 to 71, or alloys, or compounds containing one or more of these elements.

Embodiment 2:

Tungsten particles (available from Sigma-Aldrich; particle diameter approximately 150
nm) are applied in the form of a powder onto a plate-shaped blank made of the magnesium
alloy AZ31 and homogeneously distributed by shaking. When using complicated three-
dimensional structures, it is also advantageous to use an adhesion-promoting polymer to
coat the surface before the laser alloying process. By varying the polymer to tungsten

particle ratio, it is possible to directly adjust the mean distance between tungsten particles.

The tungsten particles are incorporated into the magnesium alloy by laser alloying. To this
end, the workpiece is locally melted using a high-performance laser diode under argon
inert gas. The laser output is between 1.2 and 1.6 kW, and the feed rate of the laser is 0.5 to
1.0 m/min. The use of the argon prevents an oxidation of the magnesium material and of

the tungsten during processing.

Using the laser alloying technology, it is possible in particular to locally protect a

workpiece made of a magnesium alloy. In connection with stents, for example, sequential



2. The implant according to claim 1, wherein the particles have a mean diameter of 1 nm to 10 gm. 3.
The implant according to claim 1 or 2, wherein the particles are incorporated into a surface or into a
near-surface region of the base body. 4. An implant according to any one of the preceding claims,
wherein a number of the particles on the surface of the base body ranges between 1*10"2 and 1*10"6
per 2 ITITICI . 5. An implant according to any one of the preceding claims, wherein a number of the
particles in the volume of the base body ranges between 1*1073 and 1*1079 per 2 ITITICI . 6. The

implant accgegdimgrio sHlaife il Wheneinahiatiedohjhe meainpridit/m diametairiaihenmean @istance of
the particles from each other.rar;a:]es between 1:2 and 1:10. 7. An implant according to any one of the

preceding CTAIVAL RAVATRE AR RS St parierdd Faisged Beblfabs Bt Hm A d 2bd'gm. 8. An
implant accpygingdpanyene @h therprecediogelaivs rmderainithadiplantifas according to the

invention, whereby the struts degrade more quickly than the segment rings. Because the
connecting struts dissolve more quickly, high longitudinal flexibility is achieved quickly,

wherein the load-bearing capacity of the segment rings is still maintained.

The particles provide not only corrosion protection, but also increase the wear resistance
against abrasion by increasing the hardness. In addition, by suitably selecting the particles
and the composition thereof, polymeric substances can be effectively bonded to the
surface. These polymeric substances can have a corrosion-inhibiting effect on the one
hand, and on the other hand, they may contain one or more pharmacological active

ingredients, or exhibit a pharmacological effect themselves.

The additional coating with a polymer can be technically implemented, for example, as
follows. PLLA L214S (Boehringer Ingelheim) is dissolved in a concentration of 1.6%
(w/v) in chloroform and rapamycin is added as the active substance. The active ingredient
content preferably ranges between 15% and 20%, in relation to the solid matter content.
The implant made of the modified magnesium alloy is immersed for 1 second into the
solution using an underwater robot, pulled out, and air containing nitrogen is blown on so
as to evaporate the solvent. This process is repeated until a sufficient layer thickness of

approximately 5 pm has been reached.

The embodiments also apply analogously to other biocorrodible magnesium alloys and

particle compositions.

It will be apparent to those skilled in the art that numerous modifications and variations of
the described examples and embodiments are possible in light of the above teaching. The
disclosed examples and embodiments are presented for purposes of illustration only. Other
alternate embodiments may include some or all of the features disclosed herein. Therefore,
it is the intent to cover all such modifications and alternate embodiments as may come

within the true scope of this invention.



- 12 - 9.A method for producing an implant having a base body comprising a biocorrodible magnesium
alloy, wherein the magnesium alloy contains a plurality of statistically distributed particles, wherein the
mean distance of the particles from each other is smaller than the hundredfold mean particle diameter,
and the particles comprise one or more of the elements-Y, Zr, Mn, Sc, Fe, Ni, Co, W, Pt, and noble
earths with the atomic numbers 57 to 71, or alloys, or compounds containing one or more of these
elements, and the patrticles are incorporated into a surface or into a near-surface region of the base
body, whergip, A 1gethod comprises the following steps: (i) providing a blank made of the
biocorrodible magnesium alloy; (ii) applying a non-agueous suspension of particles having the
above-menibridScdmPBsdition to the blank; and (Ili) rolling the particles into the surface or into the
near-surface region of the blank. 10. A method for producing an implant having a base body
comprising a biocorrodible magnesium alloy, wherein the magnesium allgy contains a plurality of

statistically Histribtite é?ﬂEIQ%YWﬁe?ei??fﬁehﬂ@éncﬂﬁ{ﬁﬁé‘égoﬁﬁjéoﬁﬁﬁﬂé $rdRA EESH B9 smaller

than the hundredfaleeneait particteigiameiecansiba patitigsgamprisenne e ivekel ghttielelements
Y, Zr, Mn, Sc, Fe, ﬁl‘?lﬁ Co, W, Pt, and noble earths with the atomic nymbers 57 to 71, or alloys, or

compounds contHATY brikor ke BHAESE bIEI ML At BT 5768 ¥ e heBpoTatE intBca
surface or into a heatrstidarentagiparat thelibaseboghy waeseindle toatbackcemvpiisesthefelowing

e eShTE A s ot ) e e oo

near-surface regntefthebiaiks, or compounds containing one or more of these elements.

2. The implant according to claim 1, wherein the particles have a mean diameter of 1

nm to 10 um.

3. The implant according to claim 1 or 2, wherein the particles are incorporated into a

surface or into a near-surface region of the base body.

4.  An implant according to any one of the preceding claims, wherein a number of the
particles on the surface of the base body ranges between 1¥1072 and 1*1076 per

2
mm .

5. An implant according to any one of the preceding claims, wherein a number of the
particles in the volume of the base body ranges between 1%1073 and 1*10"9 per

2
mm .

6.  The implant according to claim 4 or 5, wherein a ratio of the mean particle diameter

to the mean distance of the particles from each other ranges between 1:2 and 1:10.

7.  Animplant according to any one of the preceding claims, wherein a mean distance of

the particles ranges between 200 nm and 100 pm.

8. An implant according to any one of the preceding claims, wherein the implant is a

stent.



10.
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A method for producing an implant having a base body comprising a biocorrodible
magnesium alloy, wherein the magnesium alloy contains a plurality of statistically
distributed particles, wherein the mean distance of the particles from each other is
smaller than the hundredfold mean particle diameter, and the particles comprise one
or more of the elements Y, Zr, Mn, Sc, Fe, Ni, Co, W, Pt, and noble earths with the
atomic numbers 57 to 71, or alloys, or compounds containing one or more of these
elements, and the particles are incorporated into a surface or into a near-surface
region of the base body, wherein the method comprises the following steps:

(i) providing a blank made of the biocorrodible magnesium alloy;

(ii) applying a non-aqueous suspension of particles having the above-mentioned

composition to the blank; and

(ii1) rolling the particles into the surface or into the near-surface region of the blank.

A method for producing an implant having a base body comprising a biocorrodible
magnesium alloy, wherein the magnesium alloy contains a plurality of statistically
distributed particles, wherein the mean distance of the particles from each other is
smaller than the hundredfold mean particle diameter, and the particles comprise one
or more of the elements Y, Zr, Mn, Sc, Fe, Ni, Co, W, Pt, and noble earths with the
atomic numbers 57 to 71, or alloys, or compounds containing one or more of these
elements, and the particles are incorporated into a surface or into a near-surface
region of the base body, wherein the method comprises the following steps:

(i) providing a blank made of the biocorrodible magnesium alloy;

(i) applying particles having the above-mentioned composition to the blank; and

(i11)) melting the magnesium alloy in the near-surface region of the blank.



