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POROUS METAL STRUCTURES MADE
FROM POLYMER PREFORMS

BACKGROUND
[0001] 1. Field of the Invention
[0002] The present invention relates to porous orthopedic

implants. More particularly, the present invention relates to
porous orthopedic implants made from polymeric preforms,
and to a method of manufacturing the same.

[0003] 2. Description of the Related Art

[0004] Orthopedic implants may be constructed of porous
biomaterial to encourage bone growth into the orthopedic
implant. An example of such a material is produced using
Trabecular Metal™ technology generally available from
Zimmer, Inc., of Warsaw, Ind. Trabecular Metal™ is a trade-
mark of Zimmer, Inc. Such a material, which is also referred
to as “ITM” in the following, may be formed from areticulated
vitreous carbon (RVC) foam substrate which is infiltrated and
coated with a biocompatible metal in the manner disclosed in
detail in U.S. Pat. No. 5,282,861 to Kaplan, the disclosure of
which is expressly incorporated herein by reference. The
resulting, coated material is lightweight, strong, and has open
cells that resemble the structure of natural cancellous bone,
thereby providing a matrix into which cancellous bone may
grow to fix the orthopedic implant to the patient’s bone.
[0005] The starting material in this process is an open-cell
polymer foam block or sheet. Polymer foams may be made by
the controlled expansion of gas during the polymerization
process. Standard polyurethane, for example, is made by
reacting polyisocyanates and polyols. Polyurethane foam, on
the other hand, is typically made by reacting polyisocyanates,
polyols, and additionally a blowing agent, such as water.
During the polymerization process, the water reacts to form
carbon dioxide gas that expands and escapes from the sur-
rounding polyurethane, leaving behind open cells surrounded
by polyurethane ligaments.

[0006] The polymer foam starting material is then con-
verted into an RVC foam substrate. This step may involve first
impregnating the polymer foam with a carbonaceous resin
and then heating the impregnated foam to a suitable pyrolysis
temperature, on the order of 800° C. to 2000° C., to convert
the polymer foam and any carbonaceous resin into vitreous
carbon. This process is described in U.S. Pat. No. 6,103,149
to Stankiewicz, the disclosure of which is expressly incorpo-
rated herein by reference. The RVC foam substrate is then
infiltrated and coated with a biocompatible metal, as dis-
cussed above.

[0007] Using an open-cell polymer foam as the starting
material for a porous orthopedic implant presents certain
challenges.

[0008] First, achieving the desired, final shape of the ortho-
pedic implant may be difficult, because polymer foams are
typically provided in blocks or sheets that must be machined
at some point in the process into the desired, final shape. For
example, the component may be machined while in the poly-
mer foam form, the RVC foam form, or the coated metal form.
Such machining is both expensive and time-consuming. Also,
such machining may damage the ligaments that define the
open-cell pores of the foam, especially when the component
is shaped while in the brittle, RVC foam form. Finally, such
machining is wasteful, because scraps from the bulk blocks or
sheets may have to be discarded.

[0009] Second, the minimum thickness of the porous ortho-
pedic implant is limited. In general, the porous orthopedic
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implant must be at least as thick as several supporting poly-
mer ligaments, which may be about 0.5 mm in length each.
Therefore, it can be difficult to manufacture small implants,
such as dental implants and orthopedic fasteners, with a pro-
cess based on polymer foam.

[0010] Third, polymer foam is entirely porous. Therefore,
polymer foam does not provide non-porous regions, which
may be desirable in an orthopedic implant.

SUMMARY

[0011] The present invention provides porous orthopedic
implants made from polymer preforms and a method of
manufacturing the same. A polymer material may be formed
into a preform, such as by an injection molding process or an
additive manufacturing process. In an exemplary embodi-
ment, the overall shape and the porous framework of the
preform may be substantially the same as the overall shape
and the porous framework of the final orthopedic implant.
Then, the preform may be pyrolyzed and coated with metal to
form the final orthopedic implant.

[0012] The present invention presents a new concept which
makes it possible to manufacture porous material and/or
porous parts, such as porous implants. In an example, specifi-
cally designed reticulated polymer structures may be used as
the basis for new implant types. Any suitable starting mate-
rial, including currently used PUR foams, may be used. Such
reticulated structures may be manufactured from polymer by
state of the art rapid manufacturing or injection molding
technologies, for example. These polymer pre-shapes or pre-
forms may be exact oversize skeletons of the later implant
component and may define both outer shape and internal
structure. If applied, a subsequent pyrolyzing step may
involve a considerable but uniform and predictable shrinkage
to the size of the final implant which facilitates a highly
reproducible manufacturing process. CVD coating by tanta-
lum, as for example applied in current manufacturing, may
complete the process.

[0013] Thecoating step may comprise performing a chemi-
cal vapor deposition process to deposit metal onto the pre-
form and/or infiltrating the pores to deposit metal onto the
plurality of ligaments of the preform.

[0014] The plurality of ligaments may exhibit substantially
isotropic growth during the coating step.

[0015] According to an aspect of the present invention, a
method is provided for manufacturing a porous orthopedic
implant. The method includes the steps of: forming a poly-
meric preform in a three-dimensional geometric shape that is
substantially the same as the three-dimensional geometric
shape of the orthopedic implant, the preform including a
plurality of ligaments defining pores therebetween; pyrolyz-
ing the preform; and coating the preform with metal to pro-
duce the orthopedic implant.

[0016] According to another aspect of the present inven-
tion, a method is provided for manufacturing a porous ortho-
pedic implant. The method includes the steps of: forming a
polymeric preform having a substantially final shape that is
suitable for implantation into a patient’s body, the preform
including a plurality of ligaments defining pores therebe-
tween; pyrolyzing the preform; and coating the preform with
metal to produce the orthopedic implant.

[0017] According to another aspect of the present inven-
tion, a method is provided for manufacturing a porous ortho-
pedic implant. The method includes the steps of: forming a
plurality of polymeric ligaments, each ligament having a
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predetermined location, a predetermined size, and a predeter-
mined shape, the plurality of ligaments defining pores ther-
ebetween, the plurality of ligaments cooperating to define at
least a portion of a preform; and coating the preform with
metal to produce the orthopedic implant. In this method, as
well as in other methods according to the present invention, a
step of pyrolizing the preform may or may not be carried out.

[0018] The present invention also relates to porous
implants which are obtained or obtainable by a method
according to the present invention. While in the related art as
discussed above the machining, to obtain the desired three-
dimensional geometric shape, is carried out after the pyroliz-
ing step so that the implant exhibits characteristic, identifiable
properties caused by the machining, the implants according to
the present invention do not exhibit such properties. Thus, the
nonexistence of such properties makes it possible to distin-
guish implants according to the present invention from
implants according to the related art as discussed above.

[0019] According to an aspect, in an implant according to
the present invention, the ligaments may exhibit a spatial
structure being different from a random spatial structure. In
particular, the spatial structure of the ligaments may be such
that the implant has at least one of (i) an anisotropic and/or
locally varying structure, (ii) anisotropic and/or locally vary-
ing mechanical properties, (iii) an anisotropic and/or locally
varying porosity, and (iv) mechanical properties being depen-
dent on the direction of an externally applied load. Thus, this
non-random spatial structure makes it possible to distinguish
implants according to the present invention from implants
according to the related art as discussed above.

[0020] The non-random spatial structure of the ligaments
can be specifically designed as desired. Thus, not only the
three-dimensional geometric shape of the implant but also its
surface properties and/or its inner structure can be designed
and thus predetermined as desired.

[0021] The term “spatial structure” as used herein may
relate to the spatial distribution, the location, the size and/or
the orientation of the ligaments and/or of the pores defined by
the ligaments.

[0022] Additionally or alternatively, an implant according
to the present invention may, by way of example only, be
distinguished from implants according to the related art as
discussed above by having, at least partly, (i) a specific, finely
formed geometric shape with relatively small dimensions, (ii)
regions with different porosities, in particular including one
or more non-porous regions, and/or (iii) anisotropic mechani-
cal properties.

[0023] The present invention has various advantages, some
of'them being mentioned in the following by way of example
only. Generally, the present invention does not require a
machining after the pyrolizing step as discussed above in
connection with the related art. Rather, the preform obtained
in the forming step does already have the three-dimensional
geometric shape of the orthopedic implant. Another advan-
tage is that the minimum dimensions, such as the minimum
thickness, of the orthopedic implant are/is no longer limited.
A further advantage is that the orthopedic implant can be
provided with non-porous regions. In addition, with the
present invention it is possible to manufacture orthopedic
implants having a non-isotropic porosity or—more gener-
ally—non-isotropic properties. Moreover, the present inven-
tion allows to make use of a variety of methods, including
established methods, for making the preform.
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[0024] The present invention may facilitate the use of poly-
meric mass production processes for producing porous parts
instead of machining each part individually from previously
pyrolized material. Thus, the manufacturing costs may be
considerably lowered. Further, the present invention allows to
design totally new features on implants, for example two-
dimensional structures, small fixation elements and connec-
tors to instruments. Moreover, the present invention allows to
produce porous parts and features which are smaller than
currently possible. In addition, the present invention allows to
specifically design the material structure which may also be
anisotropic. Therefore, it is possible to optimize the mechani-
cal properties of the orthopedic implant according to its
intended use. Furthermore, the present invention allows the
manufacturing of hollow bodies from porous material.
[0025] Consequently, the technology according to the
present invention may open up a wide range of new design
options. For example, small implants from porous tantalum
structures (e.g. screws or dental implants) may be manufac-
tured. Currently, such structures are difficult to design in a
reliable manner since the strut size of the currently available
TM structures approaches the implant dimensions. Further,
unique fixation elements such as special threads or retroser-
rated elements may be produced. In addition, it is possible to
manufacture implants having non-isotropic and/or locally
variable mechanical properties and/or porosities. Specifi-
cally, these implants may be tailored to a specific application
(e.g. cages). In another example, porous, osseointegrating
supports for hydrogel or soft polymer cartilage replacement
materials with a barrier layer against creep of the hydrogel/
polymer into the porous structure may be manufactured.
Moreover, the invention allows to manufacture hollow bodies
with porous walls. According to another example, porous
tantalum structures with integrated instrument adapters (e.g.
hexagon sockets) may be produced. Further, it is possible to
produce components from porous tantalum with decreased
(implantation) or increased (primary fixation) surface rough-
ness as compared to the currently available TM material. As
an additional aspect, the present invention allows to provide
fancy visual effects.

[0026] As used herein, the term “orthopedic implant” may
refer to the final implant suitable for implantation into a
patient’s body. Alternatively, the “orthopedic implant” may
be only a part of the final implant. The final implant may
consist of or comprise only one orthopedic implant or a plu-
rality of, i.e. at least two, orthopedic implants which need not
all be made from a porous material. The term “preform” as
used herein may refer to a single preform or to a plurality of,
i.e. at least two, preforms each of which being formed accord-
ing to the present invention and which are coupled together or
connected to each other to form a “combined preform” for
further processing. The terms “porous material” or “porous
part” as used herein are meant to comprise a material or part,
respectively, which is coated, in particular coated with metal,
as well as which is not coated. If coated with metal, the
material or part, respectively, is also referred to herein as
“porous metal or metallic material”, “porous metal or metal-
lic part” or “porous metal or metallic structure”.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above-mentioned and other features and advan-
tages of this invention, and the manner of attaining them, will
become more apparent and the invention itself will be better
understood by reference to the following description of
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embodiments of the invention taken in conjunction with the
accompanying drawings, wherein:

[0028] FIG.1is a flow diagram of an exemplary method of
the present invention;

[0029] FIG. 2 is a partial cross-sectional view of a metallic
supporting component of an exemplary cartilage replacement
implant of the present invention;

[0030] FIG. 3 is a perspective view of the metallic support-
ing component of FIG. 2, further including a polymeric bear-
ing component attached thereto to form the cartilage replace-
ment implant;

[0031] FIG. 4 is a partial cross-sectional view of the carti-
lage replacement implant of FIG. 3;

[0032] FIG. 5 is a perspective view of another exemplary
cartilage replacement implant of the present invention, the
cartilage replacement implant including a metallic supporting
component and a polymeric bearing component;

[0033] FIG. 6 is an elevational view of an exemplary ortho-
pedic screw of the present invention;

[0034] FIG.7 is an elevational view of an exemplary dental
implant of the present invention;

[0035] FIG. 81is a perspective view of an exemplary finger
implant of the present invention;

[0036] FIG. 9 is a cross-sectional view of an exemplary
orthopedic rod of the present invention;

[0037] FIG. 10 is a cross-sectional view of another ortho-
pedic rod of the present invention; and

[0038] FIG. 11 is a schematic diagram of an exemplary
method of the present invention.

[0039] Corresponding reference characters indicate corre-
sponding parts throughout the several views. The exemplifi-
cations set out herein illustrate exemplary embodiments of
the invention and such exemplifications are not to be con-
strued as limiting the scope of the invention in any manner.

DETAILED DESCRIPTION

[0040] FIG. 1 provides an exemplary method 100 for
manufacturing a porous orthopedic implant.

[0041] Beginning at step 102A of method 100, a polymer-
ized material is provided. The polymerized material provided
in step 102A may be polyurethane, polystyrene, polypropy-
lene, polyethylene, polyoxymethylene, or another suitable
polymer, that has already been polymerized. For example,
polyisocyanates and polyols may be reacted in an earlier step
to provide fully polymerized polyurethane in step 102A. The
polymerized material provided in step 102A may be in an
unformed condition, such as in a molten state or a powdered
state, for example.

[0042] Alternatively, at step 102B of method 100, a mate-
rial may be provided that has not yet been fully polymerized,
and polymerization may occur during subsequent processing
steps. In this embodiment, the unpolymerized material may
include the reactants for producing a polymer, such as poly-
isocyanates and polyols.

[0043] Continuing to step 104 of method 100, the polymer-
ized material from step 102A or the unpolymerized material
from step 102B is formed into a preform having a desired,
substantially final shape, both internally and externally. For
example, the forming step 104 may produce a preform in a
substantially final shape that is suitable for implantation in the
body as is, without requiring subsequent machining. When a
polymerized material is provided that has already been poly-
merized (step 102A), the forming step 104 may occur without
further polymerization of the polymerized material. Alterna-
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tively, when an unpolymerized material is provided (step
102B), polymerization may occur during the forming step
104.

[0044] With reference to FIG. 11, a preform 210A formed
during step 104 is illustrated schematically. At least a portion
of the polymeric preform 210A formed during step 104 is
porous and may include an interconnected network of open
cells or pores 234A. Internally, the forming step 104 may
involve forming the porous framework 230A of the preform
210A by forming a plurality of ligaments 232A, each liga-
ment 232 A having a predetermined shape, size, and location
to, in turn, control the shape, size, and location of the pores
234A defined between the ligaments 232A. As used herein,
forming each ligament 232A in a “predetermined” shape,
size, and location means that each ligament 232A is designed
to have a particular shape, size, and location, as opposed to a
random shape, size, and location that one would get when
using a blowing agent, for example. Because each ligament
232A may be designed to have a particular shape, size, and
location, each pore 234 A between the ligaments 232A may
also be designed to have a particular shape, size, and location,
as opposed to a random shape, size, and location that one
would get when using a blowing agent, for example. Exter-
nally, the forming step 104 may involve forming the overall,
three-dimensional geometric shape of the preform 210A.
[0045] According to an exemplary embodiment of the
present invention, and with reference to FIG. 1, the preform
formed during the forming step 104 is a near-net-shape or
net-shape of the final orthopedic implant, both internally and
externally. Therefore, the overall shape and the porous frame-
work of the preform may be predetermined to be the same as
or substantially the same as the overall shape and the porous
framework of the final orthopedic implant, and little or no
internal or external machining may be required to arrive at the
overall shape and the porous framework of the final orthope-
dic implant. It is within the scope of the present invention that
the size of the preform may differ from the size of the final
orthopedic implant to account for uniform shrinkage and
growth that occurs during subsequent processing steps, as
discussed below.

[0046] An exemplary method for forming the preform in
step 104 of method 100 is an injection molding process.
Injection molding may involve injecting a molten polymer-
ized material from the providing step 102 A into a mold cavity
where it cools and hardens to the configuration of the mold
cavity. Alternatively, injection molding may involve injecting
reactants from the providing step 102B into a mold, where the
reactants react to form a polymer and then harden to the
configuration of the mold cavity. In this embodiment, the
mold may define both the overall shape and the porous frame-
work of the preform, so that the pores defined between indi-
vidual ligaments have a particular shape, size, and location.
Alternatively, the mold may define the overall shape of the
preform, with the porous framework being formed randomly
with the use of a blowing agent or a chemical reactant, for
example.

[0047] Another exemplary method for forming the preform
in step 104 of method 100 is an additive or rapid manufactur-
ing process. Additive or rapid manufacturing involves laying
down the polymer material layer by layer to build the final
structure. Additive manufacturing processes may be distin-
guished from subtractive manufacturing processes, in which
material is machined away from a bulk structure to arrive at
the final structure.
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[0048] A first exemplary type of additive or rapid manufac-
turing is 3-D printing, also known as stereolithography. 3-D
printing involves feeding a liquid photopolymer through a
nozzle to form a single cross-sectional layer of the final struc-
ture, and then exposing the photopolymer to a UV laser light
to solidify the liquid photopolymer and to adhere the solidi-
fied layer onto the adjacent layer beneath. Then, a new liquid
photopolymer layer is applied on top of the solidified layer,
and the process is repeated until the final structure is com-
pleted. Alternatively, the UV laser light may be exposed to
certain portions of a photopolymer vat to selectively harden
only those portions of the photopolymer vat. Then, the hard-
ened material may be submerged in the photopolymer vat and
the process repeated to form a new layer on top of the hard-
ened layer.

[0049] A second exemplary type of additive or rapid manu-
facturing is selective laser sintering. Selective layer sintering
involves exposing certain portions of a polymer powder bed
to a laser to selectively fuse together those portions of the
powder and to adhere the sintered layer onto the adjacent
layer beneath. Then, a new powder layer is applied on top of
the sintered layer, and the process is repeated until the final
structure is completed.

[0050] A third exemplary type of additive or rapid manu-
facturing is fused deposition modeling. Fused deposition
modeling involves laying down small, extruded beads of a
polymer material layer by layer to build the final structure.
The polymer material may harden soon or immediately after
it is extruded to adhere adjacent beads together and to adhere
the extruded layer onto the adjacent layer beneath.

[0051] The above-described additive or rapid manufactur-
ing processes for forming the preform in step 104 of method
100 present certain advantages over using polymer foam as
the starting material. First, the above-described methods
enable construction of complex structures, including struc-
tures having both porous and non-porous regions, hollow
structures, and structures with integrated instrument connec-
tors (e.g. sockets) designed to take up loads from an instru-
ment or tool. Also, the above-described methods allow for
mass part production of substantially final shapes without
having to machine each individual part into its final shape, as
is currently required when using bulk blocks of polymer
foam. Therefore, the construction process may be shorter and
less expensive than when using polymer foam. Additionally,
the above-described methods facilitate construction of small
structures, such as dental implants or orthopedic fasteners. As
discussed above, polymer foam is limited by the size of its
supporting polymer ligaments, but the porous framework of
the polymer preforms of the present invention may not have
such restrictive size limitations. Also, the porous framework
(e.g. pore shape, pore size) of the polymer preform may be
customized and may vary within the preform. For example,
the bone-contacting surface of the polymer structure may be
more porous than other portions of the polymer structure.
Finally, the above-described methods enable construction of
structures having anisotropic mechanical properties that may
be customized depending on the intended use of the final
orthopedic implant.

[0052] Another exemplary method for forming the preform
in step 104 of method 100 is cutting or otherwise working the
preform out of a suitable starting material.

[0053] After the forming step 104 of method 100, any
excess material may be machined away or otherwise removed
from the preform. Also, material may be added to the preform
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after the forming step 104. For example, a first portion of the
preform and a second portion of the preform may be shaped
separately during the forming step 104, and then the first
portion and the second portion may be adhered or otherwise
coupled together to make the preform.

[0054] Next, at step 106 of method 100 (FIG. 1), the poly-
mer preform is pyrolyzed. This pyrolysis step 106 involves
heating the polymer preform to a suitable pyrolysis tempera-
ture, on the order of 800° C. to 2000° C., in a low-oxygen or
oxygen-free environment. Optionally, before heating, the
polymer preform may be impregnated with a carbonaceous
resin. Heating the polymer preform converts the polymer
preform and any carbonaceous resin into “glassy” or “vitre-
ous” carbon to form a reticulated vitreous carbon (RVC)
structure. An exemplary pyrolysis process is described in the
above-incorporated U.S. Pat. No. 6,103,149 to Stankiewicz.
Another exemplary pyrolysis process is described in the U.S.
Pat. No. 4,022,875 to Vinton et al., the disclosure of which is
expressly incorporated herein by reference.

[0055] Optionally, the polymer preform may be cross-
linked before the pyrolysis step 106. A cross-linked polymer
preform may maintain its shape when subjected to the
elevated temperatures of the pyrolysis step 106. The starting
material (step 102) or the polymer preform (step 104) may be
cross-linked by irradiation or with crosslinking reagents, for
example.

[0056] The pyrolysis step 106 may cause shrinking of the
polymer preform, this shrinking being in particular a uniform,
isotropic shrinking. For example, the preform may shrink in
dimension, i.e. linearly, by 5%, 10%, 15%, 20%, 25%, 30%,
35% or more during the pyrolysis step 106. To accommodate
shrinking during the pyrolysis step 106, the forming step 104
may involve forming a polymer preform that is larger than the
final orthopedic implant. The amount of shrinking may
depend, amongst others, from the starting material and/or
from the specific manner in which the method is carried out,
e.g. from certain process parameters such as temperature,
pressure, time etc.

[0057] Returning to FIG. 11, an RVC structure 210B
formed during the pyrolysis step 106 is illustrated schemati-
cally. The RVC structure 210B is substantially the same geo-
metric shape as the polymeric preform 210A. However, the
RVC structure 210B is smaller in scale than the polymeric
preform 210A due to uniform, isotropic shrinkage of each
ligament 232B.

[0058] Finally, at step 108 of method 100 (FIG. 1), the RVC
structure is infiltrated and coated with a biocompatible metal.
Suitable biocompatible metals include, for example, tanta-
lum, titanium, niobium, hafnium, tungsten, and alloys
thereof. Although the preform may shrink during the pyroly-
sis step 106, the RVC structure may grow uniformly during
the coating step 108 as metal is deposited onto the RVC
structure. The growth from the coating step 108 may coun-
teract some of the shrinkage from the pyrolysis step 106, but
it may still be necessary to form a polymer preform during the
forming step 104 that is larger than the final orthopedic
implant. Alternatively, the growth from the coating step 108
may be more significant than the shrinkage from the pyrolysis
step 106, so it may be necessary to form a polymer preform
during the forming step 104 that is smaller than the final
orthopedic implant.

[0059] Anexemplary method for coating the RVC structure
in step 108 of method 100 is a chemical vapor deposition
(CVD) process. An exemplary CVD process is described in
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the above-incorporated U.S. Pat. No. 5,282,861 to Kaplan.
During the coating step 108, the RVC structure may be placed
inside a furnace and heated to a temperature of approximately
1100° C. Then, the RVC structure may be exposed to gaseous
tantalum chloride (TaCls) and gaseous hydrogen (H,), which
react to produce solid tantalum metal. The resulting tantalum
metal is then deposited onto the RVC structure to form a thin,
uniform film of tantalum on the RVC structure. To promote
even metal infiltration and deposition, the RVC structure may
be flipped and/or rotated during the CVD process.

[0060] Returning to FIG. 11, a coated metal structure 210C
formed during the coating step 108 is illustrated schemati-
cally. The coated metal structure 210C is substantially the
same geometric shape as the RVC structure 210B. However,
the coated metal structure 210C is larger in scale than the
RVC structure 210B due to substantially uniform, isotropic
metal deposition onto ligaments 232C.

[0061] After step 108 of method 100 (FIG. 1), the coated
metal structure may be subjected to any necessary shaping,
processing, sterilizing, or packaging steps. For example, a
polymeric bearing component may be secured onto the
coated metal structure to form an articulating, joint replace-
ment implant. As another example, the coated metal structure
may be coupled to a solid metal substrate, such as by sinter-
ing. In this embodiment, the coated metal structure may serve
as a bone ingrowth region of the final implant.

[0062] Referring to FIGS. 2-4, an exemplary orthopedic
implant 10A is provided that may be formed according to the
above-described method 100 (FIG. 1). Implant 10A may be
used as a cartilage replacement implant. Alternatively,
implant 10A may be used as part of a joint replacement
system. For example, implant 10A may be used as a pros-
thetic tibial component.

[0063] Implant 10A includes a metallic supporting compo-
nent 12A and a polymeric bearing component 14A. As shown
in FIG. 2, metallic supporting component 12A of implant
10A includes base 20A, a plurality of attachment pins 22A,
and a plurality of anchors 24 A. Metallic supporting compo-
nent 12A of implant 10A also includes a porous, bone-fixa-
tion region 30A that spans base 20A.

[0064] As shown in FIG. 4, attachment pins 22A extend
upwardly from base 20A and into polymeric bearing compo-
nent 14A to help secure polymeric bearing component 14A
onto metallic supporting component 12A. Base 20A may
serve as a barrier layer that supports polymeric bearing com-
ponent 14A and prevents polymeric bearing component 14A
from creeping into the porous, bone-fixation region 30A of
metallic supporting component 12A. Base 20A may be a solid
structure, or base 20A may be a punched or a grate-like
structure having a plurality of holes. These holes may facili-
tate gas flow through implant 10A during the coating step 108
(FIG. 1) to ensure even coating of implant 10A. If the holes in
the preform are small enough in size, the holes may be filled
with metal during the coating step 108. In other words, base
20A of the preform may have holes, but base 20A of the final
implant may lack holes.

[0065] Within porous, bone-fixation region 30A, implant
10A includes ligaments 32 A defining open cells or pores 34A
therebetween. Pores 34A of implant 10A provide a matrix
into which cancellous bone may grow to fix implant 10A to
the patient’s bone. As shown in FIG. 3, anchors 24 A extend
downwardly from base 20A. With base 20A resting against
the patient’s bone, bone-fixation region 30A of implant 10A
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receives ingrown bone and anchors 24 A extend downwardly
into the patient’s bone to anchor implant 10A in place.
[0066] Metallic supporting component 12A (FIG. 2) of
implant 10A may be formed according to the above-described
method 100 (FIG. 1). For example, a polymer preform that is
identical or substantially identical in shape to metallic sup-
porting component 12A may be formed by injection molding
or by depositing a polymer material layer by layer, from
anchors 24 A, to base 20A, to attachment pins 22 A, as set forth
above with respect to step 104 of method 100 (FIG. 1). Then,
the polymer preform may be pyrolyzed and coated with a
biocompatible metal, as set forth above with respect to steps
106 and 108 of method 100 (FIG. 1), to form metallic sup-
porting component 12A. Finally, polymeric bearing compo-
nent 14A (FIGS. 3 and 4) may be attached to metallic sup-
porting component 12A to arrive at the final implant 10A.
[0067] Referring next to FIG. 5, another exemplary ortho-
pedic implant 10B is provided that may be formed according
to the above-described method 100 (FIG. 1). Implant 10B is
similar to implant 10A (FIGS. 2-4), with like reference
numerals identifying like elements. Implant 10B may be used
as a cartilage replacement implant. Alternatively, implant
10B may be used as part of a joint replacement system. For
example, implant 10B may be a used as a prosthetic tibial
component.

[0068] Implant 10B includes a metallic supporting compo-
nent 12B and a polymeric bearing component 14B. As shown
in FIG. 5, metallic supporting component 12B of implant 10B
includes base 20B, anchor 24B, and a plurality of ribs 26B
extending radially from anchor 24B and generally diagonally
between base 20B and anchor 24B. Implant 10B also includes
a porous, bone-fixation region 30B that spans both base 20B
and anchor 24B.

[0069] Within porous, bone-fixation region 30B, implant
10B includes ligaments 32B defining open cells or pores 34B
therebetween. Pores 34B of implant 10B provide a matrix
into which cancellous bone may grow to fix implant 10B to
the patient’s bone. As shown in FIG. 5, anchor 24B and ribs
26B extend downwardly from base 20B. With base 20B rest-
ing against the patient’s bone, bone-fixation region 30B of
implant 10B receives ingrown bone and anchor 24B and ribs
268 extend downwardly into the patient’s bone to anchor
implant 10B in place.

[0070] Metallic supporting component 12B of implant 10B
may be formed according to the above-described method 100
(FIG. 1). For example, a polymer preform that is identical or
substantially identical in shape to metallic supporting com-
ponent 12B may be formed by injection molding or by depos-
iting a polymer material layer by layer, from anchor 24B to
base 20B, as set forth above with respect to step 104 of
method 100 (FIG. 1). Then, the polymer preform may be
pyrolyzed and coated with a biocompatible metal, as set forth
above with respect to steps 106 and 108 of method 100 (FIG.
1), to form metallic supporting component 12B. Finally, poly-
meric bearing component 14B may be attached to metallic
supporting component 12B to arrive at the final implant 10B.
[0071] Referring next to FIG. 6, another exemplary ortho-
pedic implant 10C is provided that may be formed according
to the above-described method 100 (FIG. 1). Implant 10C
may be in the shape of a screw for use as an orthopedic
fastener.

[0072] Implant 10C includes shaft 40C and thread 42C that
surrounds shaft 40C. Implant 10C also includes a porous,
bone-fixation region 30C that spans shaft 40C. Within porous,
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bone-fixation region 30C, implant 10C includes ligaments
32C defining open cells or pores 34C therebetween. Pores
34C of implant 10C provide a matrix into which cancellous
bone may grow to fix implant 10C to the patient’s bone.
[0073] Implant 10C may be formed according to the above-
described method 100 (FIG. 1). For example, a polymer pre-
form that is identical or substantially identical in shape to
implant 10C may be formed by injection molding or by
depositing a polymer material layer by layer, as set forth
above with respect to step 104 of method 100 (FIG. 1). Then,
the polymer preform may be pyrolyzed and coated with a
biocompatible metal, as set forth above with respect to steps
106 and 108 of method 100 (FIG. 1), to form the final implant
10C.

[0074] Referring next to FIG. 7, another exemplary ortho-
pedic implant 10D is provided that may be formed according
to the above-described method 100 (FIG. 1). Implant 10D
may be used as a dental implant.

[0075] Implant 10D includes a generally hollow body 50D.
Implant 10D also includes a porous, bone-fixation region 30D
that spans body 50D. Within porous, bone-fixation region
30D, implant 10D includes ligaments 32D defining open cells
or pores 34D therebetween. Pores 34D of implant 10D pro-
vide a matrix into which cancellous bone may grow to fix
implant 10D to the patient’s bone.

[0076] Implant 10D may be formed according to the above-
described method 100 (FIG. 1). For example, a polymer pre-
form that is identical or substantially identical in shape to
implant 10D may be formed by injection molding or by
depositing a polymer material layer by layer, as set forth
above with respect to step 104 of method 100 (FIG. 1). Then,
the polymer preform may be pyrolyzed and coated with a
biocompatible metal, as set forth above with respect to steps
106 and 108 of method 100 (FIG. 1), to form the final implant
10D.

[0077] Referring next to FIG. 8, another exemplary ortho-
pedic implant 10E is provided that may be formed according
to the above-described method 100 (FIG. 1). Implant 10E
may be used as a finger joint implant.

[0078] Implant 10E includes a metallic supporting compo-
nent 12F and a polymeric bearing component 14E. Metallic
supporting component 12E of implant 10E includes body 50E
having sharp, flanged ribs 52E extending therefrom. Metallic
supporting component 12E of implant 10E also includes a
porous, bone-fixation region 30E that spans both body 50E
and ribs 52E. Within porous, bone-fixation region 30E,
implant 10E includes ligaments 32E defining open cells or
pores 34E therebetween. Pores 34E of implant 10E provide a
matrix into which cancellous bone may grow to fix implant
10E to the patient’s bone.

[0079] Implant 10E may be formed according to the above-
described method 100 (FIG. 1). For example, a polymer pre-
form that is identical or substantially identical in shape to
metallic supporting component 12E may be formed by injec-
tion molding or by depositing a polymer material layer by
layer, as set forth above with respect to step 104 of method
100 (FIG. 1). Then, the polymer preform may be pyrolyzed
and coated with a biocompatible metal, as set forth above with
respect to steps 106 and 108 of method 100 (FIG. 1), to form
metallic supporting component 12E. Finally, polymeric bear-
ing component 14E may be attached to metallic supporting
component 12E to arrive at the final implant 10E.

[0080] Referring finally to FIGS. 9 and 10, other exemplary
orthopedic implants 10F, 10G, are provided that may be
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formed according to the above-described method 100 (FIG.
1). Implants 10F, 10G, may be rods used to treat avascular
necrosis (AVN).

[0081] Implant 10F of FIG. 9 includes an elongate, gener-
ally hollow body 50F. Body 50F may provide mechanical
support to avascular bone tissue and prevent articulating sur-
faces from collapsing. Implant 10F also includes a porous,
bone-fixation region 30F that spans body 50F. Within porous,
bone-fixation region 30F, implant 10F includes ligaments
32F defining open cells or pores 34F therebetween. Pores 34F
of implant 10F provide a matrix into which cancellous bone
may grow to fix implant 10F to the patient’s bone. Pores 34F
of implant 10F may also encourage a blood supply to build
within the hollow body 50F and within the avascular bone
tissue. As shown with respect to implant 10G of FIG. 10, the
build-up of a blood supply may be further encouraged by the
presence of macroscopic openings 600 in body 50G.

[0082] Implants 10F, 100, may be formed according to the
above-described method 100 (FIG. 1). For example, a poly-
mer preform that is identical or substantially identical in
shape to implants 10F, 10G, may be formed by injection
molding or by depositing a polymer material layer by layer, as
set forth above with respect to step 104 of method 100 (FIG.
1). Then, the polymer preform may be pyrolyzed and coated
with a biocompatible metal, as set forth above with respect to
steps 106 and 108 of method 100 (FIG. 1), to form the final
implants 10F, 10G.

[0083] While this invention has been described as having
exemplary designs, the present invention can be further modi-
fied within the spirit and scope of this disclosure. This appli-
cation is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles. Fur-
ther, this application is intended to cover such departures
from the present disclosure as come within known or custom-
ary practice in the art to which this invention pertains and
which fall within the limits of the appended claims.

1. A method of manufacturing a porous orthopedic implant
comprising the steps of:

forming a polymeric preform in a three-dimensional geo-

metric shape that is substantially the same as the three-
dimensional geometric shape of the orthopedic implant,
the preform including a plurality of ligaments defining
pores therebetween;

pyrolyzing the preform; and

coating the preform with metal to produce the orthopedic

implant.

2. The method of claim 1, wherein the preform produced
during the forming step and the orthopedic implant produced
during the coating step differ in scale.

3. The method of claim 2, wherein the preform produced
during the forming step is larger in scale than the orthopedic
implant produced during the coating step to account for
shrinkage of the plurality of ligaments during the pyrolyzing
step.

4. The method of claim 1, wherein the forming step com-
prises injecting one of a polymer material and an unpolymer-
ized material into a mold to form the preform,

and/or wherein the forming step comprises performing a

rapid manufacturing process to form the preform,

and/or wherein the forming step comprises depositing a

polymer material layer by layer to form the preform,
and/or wherein the forming step comprises cutting the
preform out of a starting material to form the preform.
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5. The method of claim 1, wherein the forming step com-
prises separately forming a first portion of the preform and a
second portion of the preform, the method further comprising
the step of coupling the first and second portions of the pre-
form together.

6. The method of claim 1, further comprising the step of
providing an unformed polymer material before the forming
step, wherein the forming step occurs without further poly-
merization of the polymer material,

in particular wherein the unformed polymer material is in

one of a powdered state and a molten state.

7. A method of manufacturing a porous orthopedic implant
comprising the steps of:

forming a polymeric preform having a substantially final

shape that is suitable for implantation into a patient’s
body, the preform including a plurality of ligaments
defining pores therebetween;

pyrolyzing the preform; and

coating the preform with metal to produce the orthopedic

implant.

8. The method of claim 7, wherein the pyrolyzing step and
the coating step alter the scale of the preform while substan-
tially maintaining the final shape of the preform.

9. The method of claim 7, wherein the step of forming the
preform does not include a machining.

10. The method of claim 7, wherein the forming step com-
prises forming each of the plurality of ligaments at a prede-
termined location, in a predetermined size, and in a predeter-
mined shape.
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11. The method of claim 7, further comprising the step of
attaching a polymeric bearing layer to the orthopedic implant
after the coating step.

12. A method of manufacturing a porous orthopedic
implant comprising the steps of:

forming a plurality of polymeric ligaments, each ligament

having a predetermined location, a predetermined size,

and a predetermined shape, the plurality of ligaments

defining pores therebetween, the plurality of ligaments

cooperating to define at least a portion of a preform;
pyrolyzing the preform; and

coating the preform with metal to produce the orthopedic

implant.

13. The method of claim 12, wherein the forming step
comprises performing at least one of stereolithography, selec-
tive laser sintering, and fused deposition modeling.

14. A porous orthopedic implant obtained by the method of
claim 1.

15. The implant according to claim 14, wherein the method
is carried out such that the ligaments exhibit a spatial structure
being different from a random spatial structure, in particular
wherein the spatial structure of the ligaments is such that the
implant has at least one of (i) an anisotropic and/or locally
varying structure, (ii) anisotropic and/or locally varying
mechanical properties, (iii) an anisotropic and/or locally
varying porosity, and (iv) mechanical properties being depen-
dent on the direction of an externally applied load.

#* #* #* #* #*



