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MANUFACTURING IMPLANTABLE
MEDICAL COMPONENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent Application

61/041,185; filed March 31, 2008, which is hereby incorporated by reference herein.

BACKGROUND

Field of the Invention

[0002] The present invention relates generally to implantable medical components, and more

particularly, to manufacturing implantable medical components.

RelatedArt

[0003] Many types of medical devices are surgically implanted in patients, users or recipients

("recipients" herein) for therapeutic purposes. Such implanted medical devices may include

medical devices which are mechanical in nature, for example replacement hips, replacements for

missing teeth or injured jaw bones, replacement joints, bone retaining screws, etc. The geometry

of these and other mechanical implantable medical components varies from the simple to the

complex.

[0004] In addition, implantable medical components may also include electronic components for

performing stimulation, sensing, monitoring or other functions. An example of such an

electronic component is the class of devices referred to as neurostimulators. Neurostimulators

are generally configured to provide stimulation to the recipient's neural system such as the brain,

spinal cord, nerves and so on. Another example is a pacemaker configured to provide regulatory

or therapeutic signals to maintain proper function of the recipient's heart. A further example of

an implantable medical component is a cochlear implant, which is configured to stimulate the

recipient's cochlea in order to provide a sound percept to the recipient.

[0005] Implantable medical components may also be used to provide sensors within the body of

a recipient, diagnosing or otherwise sensing specific events or activities within the recipient.

Examples may include those devices capable of monitoring a recipient's heart rate, neurological
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activity, blood glucose levels, and other physiological characteristics, events or conditions,

among others.

[0006] Over several decades of clinical experience, titanium and its alloys (generally and

collectively referred to as "titanium" herein) have been found to be an acceptable material for the

construction of implantable medical components due to their biocompatibility and corrosion-

resistant properties.

[0007] As the field of implantable medical components progresses, devices have not only

become more capable, but they have also become increasingly smaller and more intricate. This

trend appears likely to continue, as implantable medical components continue to play an

important role in the diagnosis and treatment of recipients.
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SUMMARY

[0008] In accordance with one aspect of the present invention, a method for manufacturing an

implantable medical component is provided, the method comprising: injecting a powder mixture

of biocompatible, corrosion-resistant metal such as titanium and a polymeric binder into a mold

to form a molded component; removing the polymeric binder from the molded component

creating an intermediate molded component; and sintering the intermediate molded component

to form the implantable medical component.

[0009] In accordance with another aspect of the present invention, an implantable medical

component prepared by a process is provided, the process comprising: injecting a powder

mixture of biocompatible, corrosion-resistant metal such as titanium and a polymeric binder into

a mold to form a molded component; removing the polymeric binder from the molded

component creating an intermediate molded component; and sintering the intermediate molded

component to form the implantable medical component.

[0010] In accordance with a further aspect of the present invention, a implantable medical

component is provided, the component comprising: a housing; and an electronic assembly

disposed in the housing, the electronic assembly, wherein the housing is manufactured by

sintering in a purified oven chamber an intermediate component formed by molding a powder

mixture of biocompatible, corrosion-resistant metal such as titanium and polymeric binder, and

removing the polymeric binder from the molded component to form the intermediate component.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the present invention are described below with reference to the attached

drawings, in which:

[0012] FIG. 1 is a simplified schematic illustration of the molding portion of the method of

manufacturing implantable titanium medical components according to embodiments of the

present invention;

[0013] FIG. 2 is a flowchart illustrating a method for manufacturing implantable titanium

medical components according to embodiments of the present invention;

[0014] FIG. 3 is a flowchart illustrating a method for manufacturing implantable titanium

medical components according to embodiments of the present invention; and

[0015] FIGS. 4A-4C illustrate the sintering portion of the manufacturing of implantable titanium

medical components.
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DETAILED DESCRIPTION

[0016] Embodiments of the present invention are generally directed to methods for

manufacturing implantable medical components. In certain embodiments, a powder mixture of

a biocompatible, corrosion-resistant metal or metal alloy such as titanium or titanium alloy

("titanium" herein) and a polymeric binder is shaped through a powder-injection molding

process. In the molding process, the powder feedstock is provided into a mold or die

(collectively and generally referred to as a "mold" herein) in order to mold the feedstock into a

stable shape corresponding to the cavity of the mold. The binding material is then removed from

the shaped, or molded, intermediate component. This intermediate component is then sintered in

a purified chamber of an oven such that the implantable medical component is sufficiently pure

to achieve a desired corrosion-resistance and biocompatibility. The sintered component is then

finished in a secondary fabrication process as necessary to complete the manufacturing process.

[0017] FIG. 1 is a simplified schematic illustration of a powder injection molding system 100

which may be used in embodiments of the manufacturing process implemented to make an

implantable medical component. In FIG. 1, molding system 100 comprises an injection mold

plate 112A and ejector mold plate 112B (collectively referred to as "mold or molds 112").

Molds 112 are initially brought together and held in place between moveable platen 120 and

stationary platen 118. Molds 112A and 112B are pressed by compression arm 122 towards

platen 118 so as to hold molds 112A and 112B tightly against one another. As will be known to

persons having skill in the art, the compression force provided by compression arm 122 to mold

112 may range between 5 to 6,000 tons, but may also be below or above that range in other

embodiments of the present invention.

[0018] When mold 112 is brought together, a mold cavity 116 is formed by on voids or

excavations preformed in one or both molds 112A and 112B. Molds 112 may be manufactured

in a variety of ways, as will be known to persons having skill in the art. For example, molds

112A or 112B may be constructed of metal and excavated in order to provide cavity 116.

Furthermore, one or more inserts may be placed inside mold 112 during the injection molding

process in other embodiments of the present invention in order to change or otherwise provide a

differently shaped cavity than cavity 116 that is inside mold 112. For example, a rectangular

cavity 116 within a basic mold 112 may be specialized or altered by placing a first insert (not
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shown) inside cavity 116. After the first insert is used to manufacture a component having a first

shape, a second insert (not shown) may be inserted into cavity 116 to manufacture a component

having a second configuration. While FIG. 1 is shown and described as having a two-part mold,

comprising injection mold 112A and ejector mold 112B, it is to be understood that in other

embodiments of the present invention, other numbers of mold parts may be used.

[0019] Additionally, mold components called slides may be used according to other

embodiments of the present invention in order to manufacture more complex parts. In one

particular embodiment, mold 112 also comprises one or more slides (not shown) which move

into cavity 116 perpendicular to the direction that feedstock 102 enters cavity 116. In this

particular embodiment of the present invention, a feature such as an overhang may be formed on

the molded component by the inserted slide.

[0020] In the particular embodiment illustrated in FIG. 1, injection mold 112A further comprises

sprue 114 through which feedstock enter cavity 116. As shown, a working quantity of feedstock

102 is stored in and fed from hopper 104 into barrel 106. In this embodiment, feedstock 102

comprises biocompatible, corrosion-resistant metal or metal alloy such as titanium or titanium

alloy ("titanium" herein) and a polymeric binder. Both materials are in powder form, and are

mixed to form feedstock 102. In certain embodiments of the present invention, the polymeric

binder may comprise mixtures of a polymer like polyethylene or polypropylene, a synthetic or

natural wax and stearic acid. Feedstock 102 may be produced in one embodiment by mixing a

plastified binder material at elevated temperature in a kneader or shear roll extruder in order to

produce granular feedstock with granule sizes of several millimeters.

[0021] In certain embodiments of the present invention, barrel 106 may be heated in order to

facilitate the feeding process. In other embodiments, barrel 106 is not heated as the powder

having a polymeric binder is pushed through barrel 106. According to this particular

embodiment, barrel 106 has a reciprocating screw 108 disposed therein which works to feed

feedstock 102 through barrel 106 towards nozzle 110 and into mold 112.

[0022] Reciprocating screw 108 provides feedstock 102 with sufficient pressure so as to force

cavity 116 to be sufficiently filled with feedstock 102. After a holding period, compression arm

122 retracts to pull ejector mold 112B from injection mold 112A in order to eject molded

titanium component 130 from mold 112. Prior to debinding and sintering, molded component
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130 is referred to as a "green" component. Following the molding process described above, the

green molded component 130 is further processed in order to remove the polymeric binders from

the green component 130.

[0023] It is to be understood that the description above of the molding portion of the present

invention is greatly simplified and that other additional steps will be obvious to persons having

skill in the art, and are considered a part of the present invention. For instance, various channels

and evaporation networks may be provided in mold 112 in order to allow air which would

otherwise be trapped between feedstock 102 and mold 112 to escape, thereby eliminating voids

or other undesirable effects from occurring during the molding process.

[0024] FIG. 2 is a flowchart illustrating a method 200 for manufacturing implantable titanium

medical components according to embodiments of the present invention. At block 202, mold

112 (FIG. 1) is fed with feedstock 102 as described above. At block 204, the binder material is

removed from green molded titanium component 130 (FIG. 1). The resulting item is sometimes

referred to herein as an intermediate molded component or, more simply, an intermediate

component. Finally, at block 206, intermediate molded titanium component 130, having had

substantially all of the binder material removed, is sintered.

[0025] After producing green molded titanium component 130 as described above in one

particular embodiment of the present invention, the binder is removed from the green molded

component 130. Various techniques may be used in order to remove the binder from green

component 130.

[0026] In one embodiment, the binder may be removed in a thermal removal process. According

to this embodiment of the present invention, green molded component 130 is carefully heated

over time, for example 24-hours or more, during which the binder material is released and

evaporates.

[0027] In another embodiment of the present invention, a binder system based on

polyoxymethylene (POM) is used to achieve good moldability and excellent shape retention.

According to this embodiment of the present invention, the binder is removed in a gaseous acid

environment, i.e. highly concentrated nitric or oxalic acid, at a temperature of approximately

1200C which is below the softening temperature of the binder. In this embodiment, the acid acts

as a catalyst in the decomposition of the polymer binder.
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[0028] In a further embodiment of the present invention, solvent debinding is used to remove the

binder from green molded component 130. In this embodiment, the binder material includes a

constituent that can be dissolved in a liquid at low temperature so that a network of

interconnected porosity is formed in the molded component while immersed in the solvent. In

one embodiment of this invention, acetone is used as the solvent. In other embodiments of this

invention, water soluble binder compositions are used for ease of handling of aqueous solvents

compared to handling organic solvents.

[0029] At the end of the binder removal process some binder may still be present in green

molded component 130 holding the particles together. The pore network in molded component

130 allows the residual binder to evaporate quickly in the initial phase of sintering. Depending

on the selection of titanium powders and the binder materials, the size of green molded

components 130 may shrink slightly or may shrink significantly, as the pore volume occupied by

the binder is eliminated during the binder removal or sintering process.

[0030] FIG. 3 is a flowchart illustrating a method 300 for manufacturing implantable titanium

medical components according to embodiments of the present invention. At block 301, a mold,

for example mold 112 (FIG. 1), is provided. At block 302, mold 112 (FIG. 1) is fed with

feedstock 102 as described above. At block 304, the binder material is removed from green

molded titanium component 130 (FIG. 1) as described above. At block 305, the sinter chamber

is purified. For example, the chamber is flushed or evacuated so as to remove impurities from

the chamber. In block 306, the molded component is sintered in the evacuated or flushed

chamber. Finally, at block 308, secondary fabrication processes are performed as necessary on

the sintered molded implantable titanium component to finish the component.

[0031] FIGS. 4A-4C illustrates the sintering portion of the manufacturing of implantable

titanium medical components. According to embodiments of the present invention, sintering is

performed in continuous ovens or furnaces 402, or batch type ovens or furnaces (not shown)

integrated into a complete production line (not shown), as will be known to persons having skill

in the art. In order to ensure purity in the manufactured implantable titanium medical

component, chamber 403 of oven 402 is evacuated to remove impurities from chamber 403

during the sintering process. In one embodiment of the present invention, hydrogen 407 is

introduced via gas injection line 410 into chamber 403. In the particular embodiment shown,
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impurities 406 are removed from chamber 402 via vacuum line 412. In the embodiment

illustrated, hydrogen 407 may be introduced into chamber 403 at the same time that vacuum line

412 is removing air from within chamber 403. In other embodiments of the present invention,

hydrogen 407 may be introduced into chamber 403 a short time before vacuum begins removing

air, including any impurities 406, from chamber 403. In yet further embodiments of the present

invention hydrogen 407 is introduced into chamber 403 and impurities 406 and air inside

chamber 403 is allowed to passively (not under vacuum) exit chamber 403 through an output

line, for example line 412.

[0032] In other embodiments of the present invention, gas injection line 410 and vacuum line

412 may be a single line, which first introduces hydrogen gas 407 and then provides a vacuum in

order to evacuate impurities 406 from chamber 403.

[0033] Following the removal of impurities from chamber 403, as shown in FIG. 4C, oven 402 is

maintained at a temperature well below the melting point of the titanium of molded titanium

component 430. Molded implantable titanium 430 may be placed on ceramic trays (not shown)

or in heat resistant boxes while they are in sintering oven or furnace 402.

[0034] While various embodiments of the present invention have been described above, it should

be understood that they have been presented by way of example only, and not limitation. It will

be apparent to persons skilled in the relevant art that various changes in form and detail can be

made therein without departing from the spirit and scope of the invention. Thus, the breadth and

scope of the present invention should not be limited by any of the above-described exemplary

embodiments, but should be defined only in accordance with the following claims and their

equivalents. All patents and publications discussed herein are incorporated in their entirety by

reference thereto.
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CLAIMS

What is claimed is:

1. A method for manufacturing an implantable medical component, comprising:

injecting a powder mixture of titanium and a polymeric binder into a mold to form a

molded component;

removing the polymeric binder from the molded component creating an intermediate

molded component; and

sintering the intermediate molded component to form the implantable medical

component.

2 . The method of claim 1, wherein injecting the mixture comprises:

injecting the powder titanium and polymeric binder into a prefabricated mold.

3 . The method of claim 1, further comprising:

mixing the powder titanium with the polymeric binder to form the power mixture injected

into the mold.

4 . The method of claim 1, wherein sintering the intermediate molded component comprises:

flushing an oven chamber of impurities;

inserting the intermediate molded component into the oven chamber; and

applying heat to the intermediate molded component.

5 . The method of claim 4, wherein flushing the oven chamber comprises:

filling the oven chamber with a hydrogen gas; and

evacuating the oven chamber under vacuum.

6 . The method of claim 4, wherein sintering the intermediate molded component further

comprises:

machine finishing the sintered molded component.
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7 . The method of claim 1, wherein flushing an oven chamber of impurities comprises

flushing a continuous oven chamber of impurities.

8. An implantable medical component manufactured by a process comprising:

injecting a powder mixture of titanium and a polymeric binder into a mold to form a

molded component;

removing the polymeric binder from the molded component creating an intermediate

molded component; and

sintering the intermediate molded component to form the implantable medical

component.

9 . The implantable medical component of claim 8, wherein injecting the mixture comprises:

injecting the powder titanium and polymeric binder into a prefabricated mold.

10. The implantable medical component of claim 8, further comprising:

mixing the powder titanium with the polymeric binder to form the power mixture injected

into the mold.

11. The implantable medical component of claim 8, wherein sintering the intermediate

molded component comprises:

flushing an oven chamber of impurities;

inserting the intermediate molded component into the oven chamber; and

applying heat to the intermediate molded component.

12. The implantable medical component of claim 11, wherein flushing the oven chamber

comprises:

filling the oven chamber with a hydrogen gas; and

evacuating the oven chamber under vacuum.
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13. The implantable medical component of claim 11, wherein sintering the intermediate

molded component further comprises:

machine finishing the sintered molded component.

14. The implantable medical component of claim 8, wherein flushing an oven chamber of

impurities comprises flushing a continuous oven chamber of impurities.

15. An implantable medical component comprising:

a housing; and

an electronic assembly disposed in the housing, the electronic assembly,

wherein the housing is manufactured by sintering in a purified oven chamber an

intermediate component formed by molding a powder mixture of titanium and polymeric binder,

and removing the polymeric binder from the molded component to form the intermediate

component.

16. The implantable medical component of claim 15, wherein the medical component is a

hearing prosthesis.

17. The implantable medical component of claim 16, wherein the hearing prosthesis is a

cochlear implant.

18. The implantable medical component of claim 15, wherein sintering the intermediate

component comprises: flushing an oven chamber of impurities; inserting the intermediate

component into the oven chamber; and applying heat to the intermediate component.

19. The implantable medical component of claim 18, wherein flushing the oven chamber

comprises: filling the oven chamber with a hydrogen gas; and evacuating the oven chamber

under vacuum.
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