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AMORPHOUS METAL ALLOY MEDICAL 
DEVICES 

FIELD OF THE INVENTION 

[0001] This invention relates to medical devices contain 
ing at least one amorphous metal alloy. This invention also 
relates to temporary and permanent implantable devices that 
contain at least one amorphous metal alloy. 

BACKGROUND OF THE INVENTION 

[0002] It has become common to treat a variety of medical 
conditions by introducing an implantable medical device 
partly or completely into the patient’s body. Implantable 
medical devices are commonplace today in treating cardiac 
dysfunction, orthopedic conditions, and many other types of 
conditions requiring surgical intervention. Implantable 
medical devices fall Within tWo broad categories: permanent 
and temporary devices. Temporary devices may be later 
removed from the body or made of bioabsorbable materials 
that disappear With time Without being removed. 

[0003] Materials used to make both permanent and remov 
able temporary devices often must be made of strong 
materials Which are capable of deforming or bending in 
accordance With the pressures and movements of the 
patient’s body or the organ in Which they are implanted. 
Current metals have limited fatigue resistance and some 
suffer from sensitivity to in vivo oxidation. Also, because of 
the fabrication methods used, many metal devices do not 
have acceptably smooth, uniform surfaces. This property is 
important to prevent an adverse response of the device in the 
body, and to prevent accelerated corrosion of the implanted 
device. Thus, it is desirable to produce these medical devices 
With a neW material, i.e., one that is non-corrosive, highly 
elastic, and strong. 

[0004] One object of the invention relates to producing a 
medical implant device Which is more resistant to repeated 
deformation When it is used or implanted in the body. 

[0005] Another object of the invention relates to a medical 
implant Which is corrosion resistant and highly biocompat 
ible. 

[0006] Yet another object of the invention relates to a 
medical device Which is durable enough to Withstand 
repeated elastic deformation. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a medical device 
containing at least one amorphous metal alloy. Such medical 
devices provide the advantage of corrosion resistance, resis 
tance to unWanted permanent deformation, and radiation 
protection. Many medical devices can bene?t from such 
enhanced physical and chemical properties. Implants, radia 
tion shields, surgical devices/materials, dental prostheses, 
and many other similar devices are a feW examples of such 
medical devices. 

[0008] In one embodiment, the present invention provides 
temporary or permanent medical implants comprising at 
least one amorphous metal alloy. As used herein, an 
“implant” refers to an article or-device that is placed entirely 
or partially into an animal, for example by a surgical 
procedure. This invention contemplates implants that consist 
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of an amorphous metal alloy component (or components) 
only, as Well as implants comprising at least one amorphous 
metal alloy component combined With components made of 
other materials, With biocompatible materials being particu 
larly preferred. 
[0009] The medical devices may contain one or more 
amorphous metal alloys. Such alloys provide improved 
tensile strength, elastic deformation properties, and reduced 
corrosion potential to the devices. Many different types of 
devices may be formed of or contain amorphous metal 
alloys. Non-limiting examples include grafts, surgical 
valves, joints, threads, fabrics, fasteners, sutures, arti?cial 
sheets for heart valves, stents and the like. 

[0010] The medical devices of the present invention are 
preferably prepared using a process that includes chill block 
melt spinning. In a preferred embodiment, the chill block 
melt spinning process comprises the steps of heating an 
alloy in a reservoir to a temperature 50-100° C. above its 
melting temperature to form a molten alloy, forcing the 
molten alloy through an ori?ce by pressuriZing the reservoir 
to a pressure of about 0.5-2.0 psig, and impinging the molten 
alloy onto a chill substrate, Wherein the surface of the chill 
substrate moves past the ori?ce at a speed of betWeen 
300-1600 meters/minute. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] Amorphous metal alloys, also known as metallic 
glasses, are disordered metal alloys that do not have long 
range crystal structure. Many different amorphous metal 
alloy compositions are knoWn, including binary, ternary, 
quaternary, and even quinary alloys. Amorphous metal 
alloys and their properties have been the subject of numer 
ous revieWs (see for example, Amorphous Metal Alloys, 
edited by F. E. Luborsky, ButterWorth & Co, 1983, and 
references therein). 

[0012] Amorphous metal alloys have been used in the past 
primarily for items such as computer-related parts, golf club 
heads, and drill bit coatings. All these are articles made by 
the so-called bulk process. HoWever, the present invention 
has recogniZed that amorphous metal alloys made in a 
continuous hot extrusion process, as described herein, pos 
sess physical and chemical properties Which make them 
attractive candidates for use in medical devices. For 
example, amorphous metal alloys may have a tensile 
strength that is up to tenfold higher than that of their 
conventional crystalline or polycrystalline metal counter 
parts. Also, amorphous metal alloys may have a tenfold 
Wider elastic range, i.e., range of local strain before perma 
nent deformation occurs. These are important features in 
medical devices to provide an extended fatigue-resistant 
lifespan for devices that are subjected to repeated deforma 
tions in the body. In addition, these features alloW produc 
tion of smaller or thinner devices that are as strong as their 
bulkier conventional counterparts. 

[0013] Many different methods may be employed to form 
amorphous metal alloys. A preferred method of producing 
medical devices according to the present invention uses a 
process generally knoWn as heat extrusion, With the typical 
product being a continuous article such as a Wire or a strip. 
The process does not involve additives commonly used in 
the bulk process that can render the amorphous metal alloy 
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non-biocompatible and even toxic. Thus, the process can 
produce highly biocompatible materials. In preferred 
embodiments, the continuous amorphous metal alloy articles 
are fabricated by a type of heat extrusion knoWn in the art 
as chill block melt spinning. TWo common chill block melt 
spinning techniques that produce amorphous metal alloy 
articles suitable for the medical devices of the present 
invention are free jet melt-spinning and planar ?oW casting. 
In the free jet process, molten alloy is ejected under gas 
pressure from a noZZle to form a free melt jet that impinges 
on a substrate surface. In the planar ?oW method, the melt 
ejection crucible is held close to a moving substrate surface, 
Which causes the melt to be in simultaneously in contact 
With the noZZle and the moving substrate. This entrained 
melt ?oW damps perturbations of the melt stream and 
thereby improves ribbon uniformity. (See e.g., Liebermann, 
H. et al., “Technology of Amorphous Alloys”Chemtech, 
June 1987). Appropriate substrate surfaces for these tech 
niques include the insides of drums or Wheels, the outside of 
Wheels, betWeen tWin rollers, and on belts, as is Well knoWn 
in the art. 

[0014] Suitable planar ?oW casting and free-jet melt spin 
ning methods for producing amorphous metal alloy compo 
nents for the medical devices of this invention are described 
in US. Pat. Nos. 4,142,571; 4,281,706; 4,489,773, and 
5,381,856; all of Which are hereby incorporated by reference 
in their entirety. For example, the planar ?oW casting process 
may comprise the steps of heating an alloy in a reservoir to 
a temperature 50-100° C. above its melting temperature to 
form a molten alloy, forcing the molten alloy through an 
ori?ce by pressuriZing the reservoir to a pressure of about 
0.5-2.0 psig, and impinging the molten alloy onto a chill 
substrate, Wherein the surface of the chill substrate moves 
past the ori?ce at a speed of betWeen 300-1600 meters/ 
minute and is located betWeen 0.03 to 1 millimeter from the 
ori?ce. In embodiments involving free-j et melt spinning, the 
process may comprise the steps of heating an alloy in a 
reservoir to a temperature above the melting point of the 
alloy, ejecting the molten alloy through an ori?ce in the 
reservoir to form a melt stream With a velocity betWeen 1-10 
meters/second, and impinging the melt stream onto a chill 
substrate, Wherein a surface of the chill substrate moves past 
the ori?ce at a speed of betWeen 12-50 meters/second. 

[0015] Besides quenching molten metal (e.g., chill block 
melt spinning), amorphous metal alloys can be formed by 
sputter-depositing metals onto a substrate, ion-implantation, 
and solid-phase reaction. Each of these methods has its 
advantages and disadvantages. The choice of a particular 
method of fabrication depends on many variables, such as 
process compatibility and desired end use of the amorphous 
metal alloy article. 

[0016] Amorphous metal alloys exhibit signi?cantly dif 
ferent physical properties compared to normal metals, oWing 
to their disordered local microstructure. In contrast to nor 
mal metals, Which typically contain defects such as grain 
boundaries and cavities, amorphous metal alloys typically 
exhibit a uniform random phase on a microscopic scale, and 
do not contain such defects. As a result, amorphous metal 
alloys do not experience the strains associated With grain 
boundaries and/or cavities, and therefore shoW superior 
mechanical properties, such as a high elastic modulus, high 
tensile strength, hardness, and fatigue resistance. 
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[0017] Additionally, many studies have indicated that 
amorphous metal alloy have superior corrosion resistance 
compared to their crystalline counterparts. (See Amorphous 
MetalAlloys, edited by F. E. Luborsky, ButterWorth & Co, 
1983, p. 479). In particular, some amorphous metal alloys 
are knoWn to resist corrosion even by anodic polariZation in 
strongly acidic solutions (e.g., 12 M HCl). 

[0018] This invention provides a neW class of medical 
devices and implants comprising amorphous metal alloys 
manufactured by heat extrusion. The amorphous metal 
alloys contemplated by this invention possess the advan 
tages of almost any desired alloy combination, no toxic 
additives, and corrosion resistance that results in drastic 
improvement in biocompatibility. These amorphous metal 
alloys have many properties that make them suitable for use 
as implants, including high mechanical strength, resistance 
to fatigue, corrosion resistance, and biocompatibility. The 
implants of this invention may be implanted in animals, 
non-limiting examples of Which include reptiles, birds, and 
mammals, With humans being particularly preferred. 
Besides containing at least one amorphous metal alloy, the 
implants of this invention may optionally contain other 
materials, including different types of amorphous metal 
alloys, conventional crystalline or polycrystalline metals or 
metal alloys, polymers, ceramics, and natural and synthetic 
biocompatible materials. 

[0019] The devices of this invention may be implanted 
into a body in different Ways, including, but not limited to 
subcutaneous implantation, implantation at the surface of 
the skin, implantation in the oral cavity, use as sutures and 
other surgical implantation methods. 

[0020] The devices may contain one or more amorphous 
metal alloys. The method of heat extrusion is very ?exible 
and many combinations of metals can be made into an 
amorphous metal alloy. By Way of example, iron-based, 
cobalt-based alloys, copper-based amorphous metal alloys, 
as Well as others may be manufactured using heat extrusion 
as described herein. In certain embodiments, the amorphous 
metal alloys may comprise a metalloid, non-limiting 
examples of Which include silicon, boron, and phosphorus. 
One possible amorphous metal alloy is an Fe—Cr—B—P 
alloy. Many other similar alloys are suitable and knoWn to 
one of ordinary skill in the art. 

[0021] In certain preferred embodiments, the amorphous 
metal alloys contemplated by this invention exhibit signi? 
cantly loWer conductance or are non-conductive, compared 
to their crystalline or polycrystalline counterparts. 

[0022] In some embodiments of the invention, amorphous 
metal alloy components for implants may be used, ie parts 
of the implant are made of amorphous metal alloys. These 
parts may be provided in a variety of Ways. For example, the 
component may be produced by machining or processing 
amorphous metal alloy stock (e.g., a Wire, ribbon, rod, tube, 
disk, and the like). Amorphous metal alloy stock made by 
chill block melt spinning can be used for such purposes. 

[0023] The amorphous metal alloy components of this 
invention may optionally be combined or assembled With 
other components, either amorphous metal or otherWise, in 
order to form the implants of this invention. For example, 
the amorphous metal alloy components may be combined 
With a biocompatible polymer or ceramic, a biodegradable 
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polymer, a therapeutic agent (e.g., a healing promoter as 
described herein) or another metal or metal alloy article 
(having either a crystalline or amorphous microstructure). 

[0024] The method of combining or joining the amor 
phous metal alloy components to other components can be 
achieved using methods that are Well knoWn in the art. 
Non-limiting eXamples of joining methods including physi 
cal joining (e.g., braiding, Weaving, crimping, tying, and 
press-?tting) and joining by adhesive methods (e.g., gluing, 
dip coating, and spray coating). Combinations of these 
methods are also contemplated by this invention. 

[0025] The implants of this invention may be temporary or 
permanent medical implants and comprise at least one 
amorphous metal alloy component. As used herein, an 
“implant” refers to an article or device that is placed entirely 
or partially into an animal, for eXample by a surgical 
procedure or minimally invasive methods. This invention 
contemplates both implants that consist of an amorphous 
metal alloy component (or components) only, as Well as 
implants containing amorphous metal alloy components 
combined With components made of other materials, With 
biocompatible materials being preferred. Many different 
types of implants may be formed of or contain amorphous 
metal alloys. Non-limiting eXamples include grafts, surgical 
valves, joints, threads, fabrics, fasteners, sutures, stents and 
the like. 

[0026] One aspect of this invention is to provide an 
implantable surgical fastener containing at least one amor 
phous metal alloy. The surgical fastener may be a mono?la 
ment or multi?lament suture that optionally has a coating, 
such as a resorbable polymer and/or a healing promoter. The 
implantable surgical fastener may also be a clamp, clip, 
sheath, staple, or the like. Other embodiments of surgical 
fasteners include amorphous metal alloy Wires performing 
as arti?cial ligaments or tendons. 

[0027] Another aspect of this invention is to provide a 
surgical fabric comprising at least one amorphous metal 
alloy. The fabric may be Woven or non-Woven. In some 
embodiments, the surgical fabric is a non-Woven fabric 
Which is made of a non-Woven polymeric sheet and at least 
one amorphous metal alloy thread, Wire, or foil that is 
bonded or laminated thereto. In other embodiments, the 
surgical fabric is a Woven fabric containing at least one 
amorphous metal alloy thread, ?ber or foil Which may be 
combined With ?bers or threads of another material. The 
Woven fabric may contain a plurality of polymeric threads 
interWoven With at least one amorphous metal alloy thread. 
The amorphous metal alloy threads optionally include a 
coating, such as a polymer coating or a healing promoter. 

[0028] The surgical fabric of this invention may be 
implanted into a body as a prosthetic device or a part of a 
prosthetic device. Alternatively, the surgical fabric may be 
used outside the body, for eXample, as a part of a device to 
shield a patient from radiation. 

[0029] Yet another aspect of this invention is to provide an 
arti?cial heart component, such as an arti?cial heart valve or 
a pacemaker, Wherein the arti?cial heart component includes 
an amorphous metal alloy component. In some embodi 
ments, the arti?cial heart valve is a ball valve comprising an 
amorphous metal alloy cage. In other embodiments the 
arti?cial heart valve can include leaves made of amorphous 
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metal alloy. The amorphous metal alloy component may also 
be a sheath or a strut. The pacemaker containing the amor 
phous metal alloy may house an energy source Which is 
shielded from the body by the amorphous metal alloy. 

[0030] This invention also provides a stent, graft, or like 
device Wherein the device includes a tube, sheath or coiled 
Wire containing an amorphous metal alloy. 

[0031] One aspect of this invention is to provide a stent 
graft comprising a substantially tubular member containing 
an amorphous metal alloy and a graft material attached to the 
substantially tubular member. The graft material optionally 
comprises a surgical fabric containing an amorphous metal 
alloy With the advantage of making it stronger or alterna 
tively thinner for a given desired strength than conventional 
materials. 

[0032] The present invention also provides orthopedic 
implant devices containing an amorphous metal alloy com 
ponents. The implants may be used for reconstructive sur 
gery. In some embodiments, the orthopedic implant may 
contain Wires and sheets to perform as ligaments/tendons, 
springs, tissue groWth limiters and the like. 

[0033] In other embodiments of this invention, the ortho 
pedic implant is an arti?cial joint containing an amorphous 
metal alloy. The arti?cial joint may be a ball-in-socket joint, 
knee joint or elboW joint or ligament/tendon replacements in 
such locations. 

[0034] Those of ordinary skill in the art Will recogniZe that 
many types of medical devices, such as, for eXample, 
implants or implant components are possible based on the 
teachings and disclosure of this patent. Accordingly, the 
folloWing examples are to be vieWed as merely illustrative 
of the concept of the invention, and are by no means 
limiting. 

EXAMPLE 1 

Sutures Comprising Amorphous Metal Alloys 

[0035] This invention provides implants comprising amor 
phous metal alloys for reconstructive surgery. One aspect of 
this invention provides surgical fasteners comprising amor 
phous metal alloy. The term “surgical fastener”, as used in 
this conteXt, refers to an implantable device that can be used 
to hold tissue in place. Non-limiting eXamples of such 
fasteners include clamps, clips, sheaths, sutures, and staples. 
The surgical fasteners may be temporary (e.g., removable 
staples that aid in the closing of a surgical incision but are 
removed When the tissue is healed) or permanent (e. g., a clip 
fastened to a bone to restore the proper position of a 
displaced ligament or tendon). 

[0036] Amorphous metal alloys are suitable because of 
their high mechanical strength, resistance to in vivo oXida 
tion and corrosion, and overall biocompatibility. The surgi 
cal fasteners may be made by heat extrusion methods 
described above. In certain embodiments, the surgical fas 
tener of this invention consists of an amorphous metal article 
that can be directly implanted into a living creature. Alter 
natively, the surgical fastener may be combined With other 
components such as biodegradable polymers and/or thera 
peutic agents (e.g., thrombosis or ?brinolytic inhibitors) to 
promote healing. 
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[0037] In certain embodiments of this invention, the sur 
gical fasteners are sutures. A good suture material must meet 
demanding mechanical and biological requirements. For 
example, the tensile strength of a suture material, Which is 
de?ned as the number of pounds of tension that the suture 
Will Withstand before it breaks When knotted or ?xed in 
some other Way, must be able to Withstand not only the strain 
caused by the joining of the tissues to be sutured, but also 
any additional strains caused by the inevitable movement by 
the patient. This is particularly critical When the suture 
material is used to suture tissues having a high natural 
tension, such as fasciae or tendons. In addition to meeting 
stringent mechanical requirements, a good suture material 
should be biologically inert and should elicit a minimal 
tissue reaction from the patient, if at all. Excess tissue 
reaction is knoWn to promote infection and retard healing. 

[0038] Suture materials can be classi?ed under various 
categories. For example, a suture material can be made from 
a single strand of material (“mono?lament”) or made from 
several ?laments that are joined together (“multi?lament”), 
typically by methods such as braiding or tWisting. Mono?la 
ment sutures tie smoothly and are less likely to harbor 
microorganisms, but can be prone to knot slippage. Mul 
ti?lament sutures, on the other hand, typically have good 
handling and tying qualities, but can harbor microorganisms. 

[0039] This invention provides sutures comprising amor 
phous metal alloys. The sutures may be mono?lament 
sutures comprising a single strand of amorphous metal alloy 
?lament. In certain embodiments, the mono?lament amor 
phous metal alloy sutures also comprise an additional sheath 
or coating (e.g., an absorbable polymer coating) Which 
modi?es the biological or mechanical properties of the 
mono?lament suture. For example, the coating or sheath 
may be used to prevent or to reduce knot slippage, to 
improve the biocompatibility, or to modify the chemical 
properties of the surface of the suture. 

[0040] Alternatively, the sutures may be multi?lament 
sutures comprising at least one amorphous metal alloy 
?lament. In certain embodiments, the multi?lament sutures 
comprise at least one amorphous metal alloy ?lament that is 
joined (e.g., via braiding or tWisting) With polymeric ?la 
ments. Such polymeric ?laments may be made from inert, 
non-biodegradable materials or resorbable polymers accord 
ing to methods that are Well knoWn in the art. Alternatively, 
the multi?lament sutures of this invention may be made by 
braiding or tWisting together a plurality of amorphous metal 
alloy ?laments, Without any polymeric ?laments. As in the 
case for the mono?lament sutures of this invention, the 
amorphous metal alloy ?laments in the multi?lament sutures 
contemplated by this invention optionally may have a coat 
ing or sheath to improve or to modify the chemical, bio 
chemical, or mechanical properties of the ?laments. 

[0041] Amorphous metal alloy ?laments for such use can 
be made by heat extrusion methods knoWn in the art and 
described herein. 

[0042] The sutures contemplated by this invention may be 
permanent or temporary sutures. The high strength, resis 
tance to corrosion and fatigue, and overall biocompatibility 
of amorphous metal alloy ?laments make sutures compris 
ing such ?laments particularly appropriate for permanent 
sutures. In particular, the high tensile strength of amorphous 
metal alloy ?laments makes sutures comprising such ?la 
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ments particularly suitable for permanently joining tissue 
that is expected to be under constant natural tension, such as 
tendons or fasciae. The use of such sutures may also be 
advantageous Where the diameter of the thread needs to be 
as small as possible. HoWever, the use of the sutures of this 
invention as a temporary post-operative surgical fastener is 
also contemplated. The sutures of this invention may be used 
like conventional non-resorbable sutures and removed When 
the tissue joined by the sutures is suf?ciently healed. 

EXAMPLE 2 

Implantable Surgical Fabrics Comprising 
Amorphous Metal Alloys 

[0043] This invention provides implantable surgical fab 
rics comprising amorphous metal alloys. The presence of 
amorphous metal alloys in these fabrics can serve a variety 
of purposes, including structurally reinforcing the surgical 
fabric and/or imparting to the fabric the ability to shield 
against harmful radiation. The fabric may be used inside or 
outside the body during medical procedures (eg as a fabric 
to cover areas of the body of the patient or operators during 
procedures involving haZardous radiation). 

[0044] The implantable surgical fabrics contemplated by 
this invention may be Woven or non-Woven fabrics. In 

certain embodiments, the implantable surgical fabrics are 
Woven fabrics comprising both polymeric and amorphous 
metal alloy threads. The implantable Woven surgical fabric 
may comprise bare amorphous metal alloy threads, or 
optionally amorphous metal alloy threads that have been 
treated With a coating material prior to implantation in order 
to improve biocompatibility and/or to promote healing. For 
example, the amorphous metal alloy threads may be coated 
With at least one resorbable polymer material, non-limiting 
examples of Which include polyglycolides, polydioxanones, 
polyhydroxyalkanoates, polylactides, alginates, collagens, 
chitosans, polyalkylene oxalate, polyanhydrides, poly(gly 
colide-co-trimethylene carbonate), polyesteramides, or 
polydepsipeptides. 
[0045] Alternatively, the coating material may comprise 
healing promoters such as thrombosis inhibitors, ?brinolytic 
agents, vasodilator substances, anti-in?ammatory agents, 
cell proliferation inhibitors, and inhibitors of matrix elabo 
ration or expression. Examples of such substances are dis 
cussed in US. Pat. No. 6,162,537, Which is hereby incor 
porated by reference in its entirety. This invention also 
contemplates using a polymer coating, (e.g., a resorbable 
polymer) in conjunction With a healing promoter to coat the 
amorphous metal alloy Wires. 

[0046] The polymeric threads of the Woven surgical fab 
rics contemplated by this invention may be resorbable or 
completely inert toWards biodegradation. When the polymer 
?bers are resorbable, the in vivo degradation of the ?bers 
leaves behind a Woven amorphous metal alloy fabric that 
reinforces the injured tissue. In some embodiments of this 
invention, both resorbable and inert polymer threads are 
Woven With the amorphous metal alloy thread. In other 
embodiments, the polymer threads (resorbable, inert or a 
combination of both) are joined to an amorphous metal alloy 
foil, for example, by lamination. 

[0047] In certain embodiments of this invention, the sur 
gical fabrics comprise amorphous metal alloy threads, but 
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not polymer threads. In these embodiments, the amorphous 
metal alloy threads may be bare or may be coated as 
described above. 

[0048] The surgical fabrics of this invention may also be 
non-Woven. For example, the surgical fabric may comprise 
at least one ?uoropolymer or polyole?n sheet that is rein 
forced With a plurality of amorphous metal alloy threads, a 
?ne amorphous metal alloy mesh, or an amorphous metal 
alloy foil. The amorphous metal alloy threads, mesh, or foil 
may be bonded to one or more ?uoropolymer sheets by 
methods that are Well knoWn in the art, such as lamination. 

[0049] In certain embodiments of the Woven and non 
Woven surgical fabrics of this invention, the amorphous 
metal alloy threads are added to the fabric in a non-isometric 
Way, causing the fabric to have different mechanical prop 
erties in different directions. For example, the amorphous 
metal alloy threads may be added in one direction, causing 
the fabric to be stiff in one direction, but soft and extendable 
in the transverse direction. 

[0050] The surgical fabrics contemplated by this invention 
may be used for a variety of purposes. For example, the 
surgical fabric may be fashioned into a vascular graft, Where 
the presence of reinforcing amorphous metal alloy threads or 
mesh provides better resistance to the continuous pressure 
caused by arterial or venous blood ?oW. The surgical fabrics 
of this invention may also be used as an endoprosthesis for 
repairing defects in the abdominal Wall of a mammal and for 
preventing the formation of hernias. 

[0051] Another use of the surgical fabrics of this invention 
is as an internal radiation shield. For example, the surgical 
fabric can be used to encase an energy or radiation emitting 
poWer source, such as e.g., a radioactive poWer source for a 
medical device (e.g., a pacemaker), so that the tissue sur 
rounding the poWer source experiences minimal or no 
damage from the source. 

EXAMPLE 3 

Stents Comprising Amorphous Metal Alloys 

[0052] A stent is a tubular implant that is surgically 
inserted into a body lumen, in order to Widen the lumen or 
to ensure that the lumen remains open. Stents have been 
used for repairing many body conduits, including those of 
the vascular, biliary, genitourinary, gastrointestinal, and res 
piratory systems. 

[0053] Stents are typically inserted into the patient in an 
unexpanded form, positioned at the site to be repaired, and 
then expanded. To make positioning of the stent easier, the 
radial dimension of the stent in its unexpanded form should 
be less than that of the body lumen. Additionally, a stent 
should have longitudinal ?exibility so that it can more easily 
negotiate the typically tortuous path to the site to be 
repaired. To ful?ll these mechanical requirements, stents 
may be made of elastic materials such as spring steels, 
stainless steel, Nitinol, Elgiloy or inelastic materials such as 
tantalum, titanium, silver and gold. 

[0054] This invention provides implantable stents com 
prising at least one amorphous metal alloy. Amorphous 
metal alloys are particularly suitable stent materials for 
several reasons. For example, amorphous metal alloys have 
a Wide elastic range Which makes them ideal for stents 

Dec. 30, 2004 

implanted in areas of the body that may be subject to outside 
forces after implantation. The material may be less traumatic 
due to its non-conductance (or loW conductance) and bio 
compatibility. Additionally, the high strength of amorphous 
metal alloys may alloW stents to be made of thinner material, 
further decreasing trauma. 

[0055] The amorphous metal alloy stents of this invention 
may be made according to designs that are Well knoWn in the 
art. For example, the stents may comprise amorphous metal 
alloy Wires that are shaped into an expandable cylindrical 
structure, or etched in different methods from sheets of 
amorphous metal and then rolled and fastened to make a 
cylinder, or etched from an amorphous metal tube. The 
etching in these embodiments, Whether ?at or tubular may 
be by chemical etching, EDM, LASER cutting, etc. The 
fastening of a ?at structure to a cylinder may be achieved by 
methods such as fusing, mechanical locking, and the like. 

[0056] The amorphous metal alloy stents of this invention 
may comprise other materials as Well. In some embodi 
ments, the stents comprise an additional graft member that 
comprises a ?exible, biocompatible matrix designed to 
promote incorporation of the stent into the Wall of the body 
lumen at the site to be repaired. The stent, graft, or both may 
additionally comprise a polymer (e.g., a resorbable polymer) 
or healing promoters, non-limiting examples of Which 
include thrombosis inhibitors, ?brinolytic agents, vasodila 
tor substances, anti-in?ammatory agents, and cell prolifera 
tion inhibitors. In certain embodiments, the amorphous 
metal alloy stent may be directly coated With a polymer 
and/or a healing promoter. In other embodiments, the graft 
comprises surgical fabrics containing amorphous metal 
alloys as disclosed herein. In a preferred embodiment, the 
surgical fabrics fabricated such that the mechanical proper 
ties of the fabric are different in different directions. For 
example, the graft may be soft and extendable in the 
longitudinal direction, but very stiff and non-extending in 
the circumferential direction. 

EXAMPLE 4 

Arti?cial Heart Valves Comprising Amorphous 
Metal Alloys 

[0057] The design and fabrication of a reliable, permanent 
arti?cial heart valve requires the careful selection of mate 
rials and the consideration of many different factors. The 
arti?cial heart valve must be able to Withstand the corrosive 
environment Within the body. This corrosive environment 
results from the immunogenic response caused by the 
implanted heart valve as Well as by the presence of electro 
lytes in the bloodstream and surrounding tissue, Which can 
cause metal components in the arti?cial heart valve to 
oxidiZe and/or corrode. The arti?cial heart valve must also 
be constructed from a material that can Withstand the 
repeated strain it must undergo during up to 40,000,000 
systolic cycles of closing and opening. The position of the 
valve in the high volume How of blood transforms the 
slightest problem in biocompatibility into high probability 
of valve failure. In addition, very aggressive permanent 
treatment With blood thinners may become necessary, 
despite their adverse side effects. 

[0058] Arti?cial heart valves comprising hard metals 
made of ?xed leaves that rotate on hinges are knoWn. This 
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structure is suboptimal but no metal is known that Will 
endure the strains existing in natural heart valves. The metal 
valves also have limited lifetime due to suboptimal biocom 
patibility leading to thrombosis. 

[0059] For these reasons, amorphous metal alloys are 
attractive alternative materials for arti?cial heart valves. The 
properties of amorphous metal alloys, such as strain resis 
tance and biocompatibility lead to arti?cial heart valves With 
very long lifetimes. This invention provides an arti?cial 
heart valve comprising at least one amorphous metal alloy 
component. Amorphous metal alloy components are particu 
larly suitable for arti?cial heart valves for several reasons. 
First, amorphous metal alloys are very biocompatible and 
corrosion resistant. Second, amorphous metal alloys are 
resistant to fatigue and creep, due to the absence of defects 
such as grain boundaries and internal cavities. 

[0060] This invention contemplates providing amorphous 
metal alloy components for arti?cial heart valves, such as 
cages, ?anges, hinges, rings, support struts, and sheaths and 
springs. The amorphous metal alloy components may be 
fabricated according to heat extrusion methods, such as chill 
block melt spinning methods that are Well knoWn in the art. 
Additionally, the amorphous metal alloy components are 
used in conjunction With other materials, such as biocom 
patible polymeric or ceramic materials, as is Well knoWn in 
the art. 

EXAMPLE 5 

Implants Comprising Amorphous Metal Alloys for 
Reconstructive Surgery 

[0061] This invention also contemplates orthopedic 
implants comprising amorphous metal alloys. In some 
embodiments, the orthopedic implants are in the form of 
reconstructive hardWare for repairing ligaments and ten 
dons. Non-limiting examples of reconstructive hardWare 
include Wires, springs, and meshes. The reconstructive hard 
Ware may be suitably fabricated from an amorphous metal 
alloy that exhibits a high fatigue limit, resistance to plastic 
deformation, good biocompatibility, and resistance to oxi 
dation and corrosion. The reconstructive hardWare may be 
made according to fabrication methods Well knoWn in the 
art, such as heat extrusion and machining. 

[0062] This invention also provides implantable orthope 
dic prostheses comprising an amorphous metal alloy. The 
orthopedic prostheses contemplated by this invention may 
be an amorphous metal article used alone or in combination 
With other materials, such as biocompatible polymers or 
plastics, ceramics, or other biocompatible metals. 

[0063] This invention also provides tissue groWth limiters 
comprising an amorphous metal alloy. The tissue groWth 
limiter of this invention may comprise other materials, such 
as biocompatible and/or biosorbable polymers. In some 
embodiments, the tissue groWth limiter is in the form of a 
sheath comprising amorphous metal alloys. In other embodi 
ments, the tissue groWth limiter is a fabric containing 
amorphous metal alloys, such as the surgical fabrics 
described herein. 

EXAMPLE 6 

Orthodontic and Dental Implants Comprising 
Amorphous Metal Alloys 

[0064] This invention provides orthodontic implants com 
prising amorphous metal alloys. The orthodontic implants 
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contemplated by this invention include permanent implants 
(e.g., tissue groWth limiters) as Well as temporary implants, 
(e.g., orthodontic Wires and braces used in orthodontic 
braces for realigning teeth). 

[0065] Orthodontic Wires and Brackets 

[0066] The Wires that are used in orthodontic braces must 
meet demanding mechanical and chemical requirements. 
For example, the Wire must be able to resist breakage during 
the initial insertion step When the Wire is fastened to a metal 
band or anchor that is ?xed to a tooth. Once in place, the 
Wire must be able to Withstand the constant tension set by the 
orthodontist as Well as the repeated mechanical stress caused 
When the patient eats. Additionally, the Wire must not be 
susceptible to corrosion, even When the patient consumes 
acidic or salty foods. 

[0067] Currently, several types of orthodontic Wire mate 
rials are knoWn. Stainless steel has been the predominant 
choice for use as Wires in most orthodontic braces. HoWever, 
other metals and metal alloys have found niche applications. 
For example, Wires made of cobalt-chromium alloys can be 
manufactured to provide variable material stiffness. Addi 
tionally, a titanium-molybdenum alloy knoWn as beta-tita 
nium can be used to provide a moderately stiff Wire that is 
more stiff than nickel-titanium Wires but less stiff than 
stainless steel Wires. 

[0068] Some alloys used for orthodontic treatments are 
knoWn to have certain draWbacks. For example, it has been 
reported that beta-titanium Wires have a tendency to break 
When they are bent or tWisted during clinical treatment. This 
tendency may result from defects such as microcracks or 
inclusions. Furthermore, nickel-chromium alloys, While 
strong even in thin cross-section, can cause abutting teeth to 
discolor. 

[0069] This invention provides amorphous metal alloy 
Wires for the controlled movement of teeth using conven 
tional orthodontic braces. Amorphous metal alloy Wires are 
particularly useful because they are highly resistant to 
fatigue, biocompatible, and corrosion-resistant. Addition 
ally, amorphous metal alloys are knoWn to have a high 
elastic modulus. Accordingly, because the Wires are more 
resistant to stretching under tension, it is easier to maintain 
constant tension on the teeth, leading to reduced treatment 
times. 

[0070] The amorphous metal alloys Wires may be made by 
techniques Well knoWn in the art and are commercially 
available. The Wires can be inserted into conventional orth 
odontic hardWare (e.g., brackets or clamps) in the same 
manner as the Wires that are currently knoWn in the art. 

[0071] This invention also provides orthodontic brackets 
and clamps comprising amorphous metal alloys. The brack 
ets may be made according to designs that are Well knoWn 
in the art by methods such as machining. In a preferred 
embodiment of the invention, the brackets and clamps are 
used in conjunction With orthodontic Wires comprising an 
amorphous metal alloy as described herein. 

[0072] Tissue GroWth Limiters 

[0073] This invention provides tissue groWth limiters 
comprising an amorphous metal alloy for oral or orthodontic 
implants. In some embodiments, the tissue groWth limiter 
exclusively consists of an amorphous metal alloy article, 
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While in other embodiments, an amorphous metal alloy 
article is combined With other biocompatible and/or bio 
sorbable materials. Non-limiting examples of tissue growth 
limiters contemplated by this invention include sheaths, 
meshes, and fabrics, such as the surgical fabrics described 
herein. 

We claim: 
1. An implantable medical device comprising an amor 

phous metal alloy. 
2. The medical device according to claim 1, Wherein the 

device is permanently implanted. 
3. The medical device according to claim 1, Wherein the 

device is temporarily implanted. 
4. An implantable surgical fastener comprising at least 

one amorphous metal alloy. 
5. The implantable surgical fastener according to claim 4, 

Wherein the surgical fastener is a mono?lament suture 
comprising an amorphous metal alloy ?lament. 

6. The implantable surgical fastener according to claim 5, 
Wherein the mono?lament suture comprises a coating. 

7. The implantable surgical fastener according to claim 6, 
Wherein the coating comprises a polymeric material. 

8. The implantable surgical fastener according to claim 7, 
Wherein the polymeric material is a resorbable polymer. 

9. The implantable surgical fastener according to claim 6, 
Wherein the coating comprises a healing promoter. 

10. The implantable surgical fastener according to claim 
4, Wherein the surgical fastener is a multi?lament suture 
comprising at least one amorphous metal alloy ?lament. 

11. The implantable surgical fastener according to claim 
10, Wherein the multi?lament suture comprises at least one 
polymeric ?lament. 

12. The implantable surgical fastener according to claim 
11, Wherein the at least one polymeric ?lament comprises a 
resorbable polymer. 

13. The implantable surgical fastener according to claim 
10, Wherein the at least one amorphous metal alloy ?lament 
is coated. 

14. The implantable surgical fastener according to claim 
13, Wherein the coating comprises a resorbable polymer, a 
healing promoter, or both. 

15. The implantable surgical fastener according to claim 
4, Wherein the implantable surgical fastener is a clamp, clip, 
sheath, or staple. 

16. An implantable surgical fabric comprising at least one 
amorphous metal alloy. 

17. The implantable surgical fabric of claim 16, Wherein 
the surgical fabric is a non-Woven fabric comprising a 
non-Woven polymeric sheet and at least one amorphous 
metal alloy thread or Wire that is bonded or laminated 
thereto. 

18. The implantable surgical fabric of claim 16, Wherein 
the surgical fabric is a Woven fabric comprising at least one 
amorphous metal alloy thread. 

19. The implantable surgical fabric according to claim 18, 
Wherein the Woven fabric comprises a plurality of polymeric 
threads interWoven With the at least one amorphous metal 
alloy thread. 

20. The implantable surgical fabric according to claim 19, 
Wherein the amorphous metal alloy threads comprise a 
coating. 

21. The implantable surgical fabric according to claim 20, 
Wherein the coating comprises a polymeric material. 
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22. The implantable surgical fabric according to claim 21, 
Wherein the polymeric material is a resorbable polymer. 

23. The implantable surgical fabric according to claim 20, 
Wherein the coating comprises a healing promoter. 

24. The implantable surgical fabric according to claim 18, 
Wherein the surgical fabric comprises a plurality of Woven 
amorphous metal threads. 

25. The implantable surgical fabric according to claim 24, 
Wherein the surgical fabric comprises a coating. 

26. The implantable surgical fabric according to claim 25, 
Wherein the surgical fabric comprises a coating that com 
prises a polymer or a healing promoter or both. 

27. An arti?cial heart comprising an arti?cial heart valve, 
Wherein the arti?cial heart valve comprises an amorphous 
metal alloy component. 

28. The arti?cial heart according to claim 27, Wherein the 
arti?cial heart valve comprises an amorphous metal alloy 
cage. 

29. The arti?cial heart valve according to claim 27, 
Wherein the amorphous metal alloy component is a sheath, 
?ange, leaf or hinge. 

30. The arti?cial heart valve according to claim 27, 
Wherein the amorphous metal alloy component is a strut. 

31. A stent comprising a substantially tubular member, 
Wherein said member is a tube, sheath or coiled Wire that 
comprises an amorphous metal alloy. 

32. Abifurcated stent having a strut or Wire comprising an 
amorphous metal alloy. 

33. A stent-graft comprising: 

a substantially tubular member comprising an amorphous 
metal alloy and 

a graft material attached to the substantially tubular 
member. 

34. The stent-graft according to claim 33, Wherein the 
graft material comprises a surgical fabric comprising an 
amorphous metal alloy. 

35. An orthopedic implant for reconstructive surgery, 
Wherein said orthopedic implant is a Wire, spring, or mesh, 
comprising an amorphous metal alloy. 

36. An orthodontic Wire or bracket comprising an amor 
phous metal alloy. 

37. A medical device containing an amorphous metal 
alloy, Wherein said amorphous metal alloy is formed by 

heating an alloy in a reservoir to form a molten alloy; 

forcing the molten alloy through an ori?ce by pressuriZing 
the reservoir; and 

impinging the molten alloy onto a chill substrate. 
38. The medical device containing an amorphous metal 

alloy according to claim 37, Wherein the amorphous metal 
alloy is formed by heating the alloy to a temperature 50-100° 
C. above its melting temperature. 

39. The medical device containing an amorphous metal 
alloy according to claim 37, Wherein the amorphous metal 
alloy is formed by pressuriZing the reservoir to a pressure of 
about 0.5-2.0 psig in order to force the molten alloy through 
the ori?ce. 

40. The medical device containing an amorphous metal 
alloy according to claim 37, Wherein the amorphous metal 
alloy is formed by impinging the molten alloy onto a chill 
substrate, Wherein the surface of the chill substrate moves 



US 2004/0267349 A1 

past the ori?ce at a speed of between 300-1600 meters/ 
minute and is located between 0.03 and 1 millimeter from 
the ori?ce. 

41. A medical device containing an amorphous metal 
alloy, Wherein said amorphous metal alloy is formed by 

heating an alloy in a reservoir to a temperature above the 
melting point of the alloy; 

ejecting the molten alloy through an ori?ce in the reser 
voir to form a melt stream; and 

impinging the melt stream onto a chill substrate. 
42. The medical device containing an amorphous metal 

alloy according to claim 41, Wherein the amorphous metal 
alloy is formed by ejecting the molten alloy through an 
ori?ce in the reservoir to form a melt stream With a velocity 
betWeen 1-10 meters/second. 
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43. The medical device containing an amorphous metal 
alloy according to claim 41, Wherein the amorphous metal 
alloy is formed by impinging the melt stream onto a chill 
substrate, Wherein a surface of the chill substrate moves past 
the ori?ce at a speed of betWeen 12-50 meters/second. 

44. Amedical device having a radiation shield comprising 
an amorphous metal alloy. 

45. The medical device according to claim 44, Wherein the 
radiation shield is adapted for eXternal use. 

46. The medical device according to claim 44, Wherein the 
radiation shield is adapted for internal use. 

47. The medical device according to claim 46, Wherein the 
radiation shield houses an energy source. 


