DESCRIPTION

METHOD FOR PRODUCING A MEDICAL IMPLANT FROM A MAGNEHUM

ALLOY

The present invention relates to a method for produ
medical implant, particularly in the form of a bone

a bone nail, a bone pin, a plate, a suture anchor,

like for attaching soft tissues, especially tendons
muscles and ligaments, to a bone, or in the form of
endoprosthesis or at least a part thereof, made fro
magnesium alloy having a magnesium content of at le
by weight. The invention is also directed to a moul
magnesium part that is obtainable by the aforementi
process.

In the medical field, permanent metal implants are
available for splinting bone bridges and stabilisin
osteotomies, but they must be removed surgically af
successful healing. Polyglycolide or polylactide im

also exist, and although these are bioresorbable an

no longer need to be removed, in certain circumstan

are not able to satisfy all mechanical requirements

A biocompatible component for clinical use, which i
constructed from a binder and biocompatible metalli
materials such as stainless steel, titanium, titani
alloys and chromium-cobalt based alloys, also ceram
calcium phosphates, is known from DE 10 2008 008 21

order to prepare the biocompatible component, the

biocompatible material is mixed with the binder and
into the desired shape in an injection moulding pro

A bone screw that is intended in particular as an a
screw for spongy bone tissue and can be made from
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bioresorbable material, is known for example from D
2005 006 076 Ul. However, the origin of the bioreso
material is not disclosed in this case.

Besides the implant types described in the precedin
bioresorbable metal implants on the basis of magnes
alloys have recently come into use. Such implants a
typically characterized by a high magnesium content

alloy, typically above 80% by weight. Having been i
surgically, such implants are slowly dissolved by t
body's own decomposition mechanisms, some of the im
material being converted directly into bone materia

Such biodegradable magnesium alloys and the use the
medical implants are known from WO 2007/035791 A2 a
2007/125532 Al. In order to control their strength

of corrosion, the magnesium alloys contain a number
metal alloy additives such as neodymium, yttrium,
zirconium, zinc, calcium, and other rare earth elem

The alloys described herein are moulded into the de
shape by means of casting or mechanical forming pro
However, it has been found that the mechanical stre

the resistance to corrosion of such implants often

reach the required performance levels. Consequently
order to obtain sufficient strength and reduce the
corrosion rate to an acceptable level, for example,
necessary to use a number of alloy additives. These
expensive aggregates, and at least some of these ca
broken down without difficulty in the human body.

Finally, from DE 101 28 100 Al it is known to manuf
an implant from a magnesium alloy having general fo
NgLi4AI4SE2 in smelting or powder-metallurgical pro

or by mechanical alloying, or to produce prefabrica
implants by injection moulding or sintering techniq
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the formula cited in the preceding, SE stands for a

earth metal. However, although the application cite
includes a description of powder-metallurgical proc

of magnesium alloys, it does not contain any inform
about how this is to be done in detail. Yet this is
crucially important, especially when dealing with t
highly pyrophoric magnesium alloys.

The object of the present invention is to provide a
with which a medical implant may be manufactured ha

improved mechanical strength and a reduced rate of

corrosion under electrolytic conditions, such as pr
human or animal bodies. A medical implant having th
aforementioned properties is also to be provided.

This object is achieved with a method for producing
medical implant, particularly in the form of a bone

a bone nail, a bone pin, a plate, a suture anchor o

like for attaching soft tissues, particularly tendo
muscles and ligaments, to a bone, or in the form of
endoprosthesis or at least a part thereof, from a m

alloy having a magnesium content of at least 80% by
particularly at least 90% by weight, comprising the
following steps:

a) melting the magnesium alloy to obtain an alloy m

b) atomising the molten alloy in a protective gas
atmosphere and at the same time cooling the atomise
molten alloy to below the solidification point ther
to obtain an alloy powder,

c) shaping the alloy powder by compaction to obtain
alloy green body,
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d) extruding the alloy green body to obtain a magne
alloy moulded article, and

e) producing the medical implant from the magnesium
moulded part.
Surprisingly, it has been found that with the metho
according to the invention it is possible to produc
magnesium alloy moulded article having improved mec
strength compared with an alloy moulded part of the
composition prepared by conventional casting techni
More surprisingly, a magnesium alloy moulded articl
manufactured with the method described is further
characterized by reduced susceptibility to corrosio
other words, the rate of dissolution thereof under
electrolytic conditions such as prevail in a human
animal body, is slower than for a cast alloy moulde
having the same composition.

As a consequence of these property improvements, a
implant made from a magnesium alloy moulded part ac

to the invention has greater mechanical strength, a

also be maintained over a longer period of time, an

same time the implant is to a very large extent
bioresorbable, rendering subsequent surgical
unnecessary.

remova

In a refinement of the method according to the inve

in step b) the alloy melt is at a temperature from

925 °C, particularly from 775 to 850 °C during atom

This is particularly advantageous, because at these
temperatures an alloy powder having a relatively na
particle size distribution is obtainable.

Also in step b) in the method according to the inve
atomisation may take place under a pressure from 15
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bar, particularly 17 to 23 bar. Moreover, the atomi

of the alloy melt under the above pressure and temp
conditions is characterized by good reproducibility
atomisation processes, that is to say reproducible
powders having a high degree of uniformity in terms
average particle size and a narrow particle size
distribution are obtained.

According to the invention, it is provided that the
atomisation in step b) is carried out in an inert g
atmosphere. This is necessary to the extent that,
especially under the temperature conditions describ
magnesium alloys are highly pyrophoric, and would i
spontaneously under the influence of oxygen. The sh

gases that are usable according to the invention ar
therefore selected from the eighth main group of th
periodic system, that is to say the noble gases, wh

argon and / or helium are preferred due to their in

and their relatively low cost.

The alloy powders obtained after the atomising step
typically have an average particle size of 5 to 50u
particularly from 10 to 30 um. It is especially preferred if
the particles of the alloy powder are mainly globul

shape. This facilitates the compaction that is prov

step c) to produce the alloy green body.

In a further embodiment of the inventive method, th
compaction in step c) is carried out at a pressure

least 80 bar, in particular at least 100 or even 15

wherein the compacting operation is preferably carr

in cold isostatic conditions. For this purpose, the

powder is either deposited and enclosed in a lightw
metal container, for example, or it undergoes cold
isostatic pressing to produce an alloy green body.

latter method, the alloy powder is introduced into
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mould and is subjected on all sides to uniform comp ression
with a gas, for example an inert gas under pressure at the
levels described previously. This pressure is then

maintained for a period of at least 10, preferably at least
15 minutes, for example, during which the alloy gre en body
is formed.

In step d) of the method according to the invention , Itis
provided to convert the alloy green body into the m agnesium
alloy moulded item by means of an extrusion process . This
step may be conducted in a manner known per se, wherein the
alloy green body is preferably heated to a temperat ure from
250 to 450 °C, particularly from 300 to 400 °C, pri or to

the pressing step.

The extrusion may be carried out using a punch on a die,
which is preferably at a temperature from 150 to 40 0°C,in
particular from 200 to 375 °C. Since the magnesium alloy
reacts so violently with atmospheric oxygen, it is also
advisable to conduct this process step under protec tive gas
conditions of the kind described previously, that i S to say

in an argon and / or helium atmosphere, for example

As is usual with extrusion, the outer form of the m aterial

for extrusion is determined by the die. Thus, for e xample,
a round bar may be created with a diameter of 5, 6 or 7. mm.
The extruded round rod is the semifinished product leading
to the magnesium alloy moulded body, which can then undergo

further processing to make a medical implant.

In theory, the magnesium alloys that are usable in the
method according to the invention may contain any a lloy
additives. For producing medical implants, however, the
alloy additives and their amounts should only be us ed in

quantities that are acceptable with regard to healt h



considerations. Thus for example, a preferred magne
alloy consists of from 2.5 to 5% by weight rare ear
metals (neodymium mischmetal), 1.5 to 5% by weight

0.1 to 2.5% by weight zirconium, 0.01 to 0.8% by we
zinc, the balance being magnesium and unavoidable
impurities as applicable. The magnesium alloy parti
preferably consists of 5 to 9% by weight rare earth
(neodymium mischmetal) including yttrium, from 0.1

by weight zirconium, 0.01 to 0.25% by weight zinc,
balance being magnesium and unavoidable impurities
applicable. A magnesium alloy with the aforemention
additions is particularly well suited for conversio

magnesium alloy moulded part in the course of the m
according to the invention. This is characterized b
particularly good mechanical stability and a reduce
corrosion rate.

With regard to the total content of possible impuri
these are preferably present in quantities not exce
by weight. In particular, the magnesium alloy accor
the invention is substantially free from aluminium,

to say the aluminium content is preferably less tha
by weight, particularly less than 0.1% by weight.

More preferably, the magnesium alloy may be prepare

step a) of the process according to the invention b
melting the alloy components at 700 to 900 °C, foll
thorough mixing. The magnesium alloy prepared in th
may initially be poured into ingot moulds prior to

a), particularly at a temperature of 700 to 900 °C.

A further object of the present invention relates t
medical implant, particularly in the form of a bone

a bone nail, a bone pin, a plate, a suture anchor o
like, for attaching soft tissues, especially tendon
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muscles and ligaments, to a bone, or in the form of
endoprosthesis or at least a part thereof, which
obtainable by the inventive method.

The medical implant according to the invention may

be provided with a surface coating, particularly a
coating to control the rate of corrosion. A coating

on calcium phosphates, magnesium phosphates or (OH,
phosphates of magnesium or calcium, as well as mixt
said substances lends itself well to this purpose.

In the following the present invention will be disc
greater detail with reference to an exemplary embod
In order to produce a medical implant, first a magn
alloy with the following additives is created:

Rare earth elements including yttrium: 8.15% by wei
Zirconium: 0.79% by weight,
Zinc: 0.192% by weight,

the alloy also contains the following detectable

impurities:

silicon: 0.02% by weight,
copper: 0.01% by weight,
iron: 0.013% by weight,
aluminium: 0.036% by weight.

The remainder is magnesium.

To prepare the magnesium alloy described above, mag
and the alloy elements in the above-mentioned quant
are melted in a radiation oven (Naber, Hereus, 20 k
900 °C in an argon atmosphere and thoroughly homoge
this temperature for about 15 min. After the mixing
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alloy is poured into moulds at 850 °C and cooled to
temperature.

To produce a magnesium alloy moulded article from t
produced in this way, the magnesium alloy is first

and then undergoes gas atomization at an atomizatio
temperature of 875 °C in an argon protective gas at

(PSI2, Phoenix Industries). For this purpose, the a

melt is finely atomised in a high speed gas stream
consisting of said protective gas at 21 bar and at

time cooled to below its melting point. A fine-grai
globular alloy powder is obtained which, according
analysis by scanning electron microscopy, has an av
particle size of about 50
particle size distribution showed that 70% of the p
had a diameter in a range -30 um to +20
average particle diameter described above.

In the next step of the process, an alloy green bod
produced from the alloy powder by cold isostatic pr

For this purpose, the alloy powder is transferred t
rubber mould and exposed to even pressure on all si
the aforementioned protective gas at a pressure of
150 bar. This pressure is maintained for a period o

15 min and the finished alloy green body is then re

The alloy green body has the following dimensions:

height 300 mm. A press from Fielding was used for t
process step.

For extrusion, the alloy green body is heated to ab

°C in an electrically heated resistance furnace and
extruder manufactured by Fielding & Platt is presse
punch through a die with a circular aperture of 6 m
has been preheated to 200 °C. In this way, the magn
alloy moulded part is obtained in the form of a rou
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with a diameter of 6 mm. The extrusion is carried o ut with
the following parameters:

Pressure 700 t

Speed 5.5. m/s

Pressing ratio 1:15%0

The magnesium alloy moulded part produced in this w ay is
subsequently made into a medical implant such as a bone
implant by methods known per se, such as machining.

In order to compare the mechanical properties and c orrosion
behavior, a magnesium alloy moulded part of identic al
composition was also produced, wherein a round rod with 6
mm diameter was prepared in a casting process. In t he
following, the mechanical properties and the corros ion
resistance of the two (chemically identical) materi als are
compared.

Mechanical properties:

The tensile tests were conducted in accordance with DIN EN
10002, sample form taking into account DIN 50125, F ormB, 4

X 20.

Invention Comparison sample
Yield strength 0.2% 260 MPa 117.3 MPa
Tensile strength 290 MPa 175.3 MPa
Expansion 13.6% 4.32%
Constriction 14.01% 5.76%

Corrosion behavior:

To measure corrosion behavior, of cyclic voltammogr

(current-potential curves) were recorded for a magn

ams
esium
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alloy moulded part according to the invention and a cast
part of identical composition under the following
conditions:

Working electrode: Magnesium alloy
Electrode size: 20 x 10 x 10 mm
Counter electrode: Platinum plate
Reference electrode: Calomel electrode (+242 mV vs.

SHE)
Electrolyte: Ringer solution (manufactured by

Braun)
Electrolyte temperature:37 °C
Feed rate: 10 mV/min
The Ringer's solution consists of distilled water a nd the
following salts in the amounts indicated per litre
solution:
8.60 g NaCl
0.30 KClI
0.33 CaCl
Due to its composition, the electrolyte simulates t he
corrosive environment in the human body. For this r eason,
the electrolyte temperature was also raised to the average
temperature of the human body and was not measured at room
temperature.
The results are shown as a graph plot dE/d log(i) i n Figure
1 (inventive magnesium alloy moulded part) and Figu re 2
(cast magnesium alloy moulded part comparison sampl e). From
these plots, the following values for the corrosion
potential and corrosion current density can be dete rmined
on the basis of the intersections of the plotted ta ngents

of the cathodic and anodic branch:
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Sample E icorr [mV] | corr [ },J.Alcm 2]
Invention (FIG. 1) -1628 324

Comparison (Fig. 2) -1660 0.3

The corrosion current density i of the magnesium alloy
moulded part according to the invention is only hal f as
great, thereby confirming that the corrosion rate h as been
reduced significantly compared to the cast magnesiu m alloy
moulded part with the same chemical composition. Th e
magnesium alloy moulded part of invention is

consequently dissolved more slowly in the body and retains

its support function for longer.
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CLAIMS

A method for producing a medical implant, partic

in the form of a bone screw, a bone nail, a bone pi

a plate, a suture anchor or the like for attaching
soft tissues, particularly tendons, muscles and
ligaments, to a bone, or in the form of an
endoprosthesis or at least a part thereof, from a
magnesium alloy having a magnesium content of at le
80% by weight, particularly at least 90% by weight,

comprising the following steps:

a) melting the magnesium alloy to obtain an alloy
melt,

b) atomising the molten alloy in a protective gas
atmosphere and at the same time cooling the
atomised molten alloy to below the solidification
point thereof to obtain an alloy powder,

c) shaping the alloy powder by compaction to obtain
an alloy green body,

d) extruding the alloy green body to obtain a
magnesium alloy moulded article, and

e) producing the medical implant from the magnesium

alloy moulded part.

The method according to claim 1, characterized i
in step b) the alloy melt is at a temperature from
to 925 °C, particularly from 775 to 850 °C during
atomisation.
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The method according to claim 1 or 2, characteri zed in
that in step b), atomisation may take place under a
pressure from 15 to 25 bar, particularly 17 to 23 b ar.

The method according to any one of the preceding
claims, characterized in that the protective gas
atmosphere in step b) is an inert gas atmosphere,
particularly an argon and / or helium atmosphere.

The method according to any one of the preceding
claims, characterized in that the alloy powder has an
average particle size of 5 to 50 um, preferably from
10-30 um, and in particular has a globular shape.

The method according to any one of the preceding
claims, characterized in that the compaction in ste p
c) is carried out at a pressure of at least 80 bar, in
particular at least 100 bar, and preferably in cold
isostatic conditions.

The method according to claim 6, characterized i n that
the pressure in step c) is produced by means of a g as
atmosphere, in particular an inert gas atmosphere.

The method according to any one of the preceding
claims, characterized in that in step d) the alloy
green is heated to a temperature of 250 to 450 °C, in
particular 300 to 400 °C before the extrusion.

The method according to any one of the preceding

claims, characterized in that in step d) the extrus ion
is carried out using a punch on a die that is at a
temperature of 150 to 400 °C, in particular 200 to 375

°C.
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10. The method according to any one of the precedin
claims, characterized in that the magnesium alloy
consists of from 2.5 to 5% by weight rare earth met
(neodymium mischmetal), 1.5 to 5% by weight yttrium
0.1 to 2.5% by weight zirconium, 0.01 to 0.8% by
weight zinc, the balance being magnesium and
unavoidable impurities as applicable, particularly
preferably 5 to 9% by weight rare earth metals
(neodymium mischmetal) including yttrium, from 0.1
0.8% by weight zirconium, 0.01 to 0.25% by weight
zinc, the balance being magnesium and unavoidable
impurities as applicable.

11. The method according to any one of the precedin
claims, characterized in that the magnesium alloy i
prepared before step a) by melting the alloy
components at 700 to 900 °C and subsequent mixing.

12. The method according to claim 11, characterized
that the magnesium alloy is cast in moulds before s
a), in particular at a temperature of 700 to 900 °C

13. A medical implant, particularly in the form of
screw, a bone nail, a bone pin, a plate, a suture
anchor, or the like for attaching soft tissues,
especially tendons, muscles and ligaments, to a bon
or in the form of an endoprosthesis or at least a p
thereof, obtainable in a process according to any o
of claims 1 to 12.

14. The medical implant according to claim 13,
characterized in that the implant is provided with
surface coating, in particular with a surface coati
to control the rate of corrosion.
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