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SPACER MOLD AND METHODS THEREFOR

10001}

Field of the Invention

[0002] The present invention is directed to molds for forming orthopedic implants

and, more particularly, to molds for forming temporary spacer orthopedic implants.

Background of the Invention

[0003] From time to time, orthopedic implants such as knee or hip replacements
and the tissue around the implant become infected. The infected implant 1s removed, and
it conventionally takes 4 to 8 weeks or more to adequately treat the infection during
which time the implant site is kept immobile. This may cause unused muscles to contract
and shrink the space previously occupied by the joint implant that connected articulating
bones such as the space between the shortened end of a femur and the acetabulum on the
hip bone 1n the case of a hip replacement.

[0004] To prevent the shrinkage of the iplant site, one treatement 1s to replace the
infrected permanent implant with a temporary implant or spacer made of an antibiotic-
filled cement. The spacer preserves the distance between the adjoining bones so that
muscle cannot overly contract while the infection is being cleared from the implant site.
Additionally, once positioned within the body, the antibiotic leaches out of the spacer to
treat tissue near the spacer and prevent further spreading of the infection. Once the
infection 1s cleared, the spacer is replaced with a new permanent implant.

[0005] Some known spacers are pre-made and are provided to the physicians
performing the surgery. This usually provides little or no opportunity for the physicians
to significantly customize or modify the spacer to match the size of the patient's implant
site during the surgical procedures for implanting the spacer.

[0006] Other spacers are molded by the physicians by filling molds with curable
cement during the surgical procedure. In these cases, when hard molds are used,

substantial customization 1s not possible when the wrong size mold 1s provided. Also.
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relatively cumbersome, time consuming, and messy procedures are used to fill the molds.
For instance, such hard molds are usually filled by pouring the antibiotic filled cement
into mold pieces and then placing the cement into all spaces in the mold by using a spoon
or spatula.
[0007] Other known relatively soft silicone spacer molds are enclosed for
injecting cement into the mold from a cement gun with a nozzle. To fill all of the spaces
in the enclosed mold, extra time and effort by the physician 1s required to shift the nozzle
of the cement gun in different directions within the mold. Thus, a spacer mold is desired
that permits physicians to easily select and adjust the size of the spacer mold even during
surgical procedures, and efficiently and cleanly fill the spacer mold.

Brief Description of the Drawings
[0008] FIG. 1 is a left side perspective view of a spacer mold connected to a
cement gun in accordance with the present invention;
[0009] FIG. 2 1s an exploded perspective view of the spacer mold of FIG. 1;
[0010] FIG. 3 1s a right side elevational view of the spacer mold of FIG. 1 with a
right part removed and an upper cover shown in cross-sectional view;
[0011] FIG. 4 1s fragmentary perspective view of an end of a stem portion of the
spacer mold of FIG. 1 with a head portion removed,;
[0012] FIG. 5 1s a fragmentary perspective view of an end of a stem portion of the
spacer mold of FIG. 1 with a cover removed;
[0013] FIG. 6 is a fragmentary, close-up, right side perspective view of an end of
the spacer mold of FIG. 1 with a right part and a screw removed;
[0014) FIG. 7 1s a fragmentary, cut-away left side view of an end of the spacer
mold of FIG. 1 showing the retention of an adjustable part in accordance with the present
invention;
[0015] FIG. 8 is a side perspective view of an alternative reinforcing part in
accordance with the present invention;
[0016] FIG. 9 1s a simplified, side cross-sectional view showing an alternative
head section for a spacer mold in accordance with the present invention;
[0017] FIG. 10 1s a simplified, side cross-sectional view showing another

alternative head section for a spacer mold in accordance with the present invention;
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[0018] FIG. 11 is a perspective, cross-sectional view of another alternative head
section of a spacer mold in accordance with the present invention; and
[0019] FIG. 12 is a left side perspective view of a spacer formed by the spacer
mold of FIG. 1 in accordance with the present invention.

Detailed Description of the Preferred Embodiments
[0020] Referring to FIGS. 1-3, a spacer mold 10 is releasably connected to a
pressurized cement cartridge 12 that fits on a cement gun such as a Zimmer’s Power-Flo®
Bone Cement Injector that uses pressurized cartridges of cement connected to a nozzle,
for example. The cement gun can eject cement from cartridge 12 such as high-strength,
high-viscosity PMMA. This includes materials such as Palacos® R+G High Viscosity
Bone Cement and any other similar material (as used herein, the term ‘cement’ generally
refers to any curing and hardening material suitable for implanted spacers unless noted
otherwise). The cement may be loaded with an antibiotic such as Gentamicin and/or
clindamycin in order to clear infection from tissue surrounding an implanted spacer
formed by spacer mold 10. As shown in FIG. 12, for one embodiment, a hip spacer 200
formed by spacer mold 10 has a spacer head 202 connected to, or integrally formed with,
a spacer stem 204. A bent neck 206 connects the spacer head 202 to the spacer stem 204
to match the shape of the superior portion of a femur. The spacer mold 10 has a stem
portion 14 used to form the spacer stem 204, and a head portion 16 used to form the
spacer head 202.
[0021] In one form, the stem portion 14 includes corresponding left and right
stem members 18 and 20 that may be mirror images of each other or may have different
shapes. The left and right stem members 18 and 20 are configured to mate and
cooperatively define a main, longitudinally extending cavity or space 22 between them to
form the spacer stem 204 in the cavity 22. The stem members 18 and 20 each have an
aligning symmetrical groove 24 (only the groove 24 on the right stem member 20 1s
shown in FIG. 2) to form the cavity 22. The cavity 22 also may receive a reinforcing bar
26 to be embedded within the spacer 200 when it is formed, and a stem-end mold piece
28 (also referred to as a stem plug) for forming the inferior end 208 of the spacer

stem 204 that is to be implanted on a femur.
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[0022] Referring to FIG. 4, a superior end portion 30 of the stem portion 14
includes two corresponding, widened sections 32 and 34 of the stem members 18 and 20,
respectively. In the illustrated form, the widened sections 32 and 34 respectively extend
radially outward from generally longitudinally extending outer surfaces 36 and 38 of the
stem members 18 and 20. The superior end portion 30 generally forms a bowl shape with
a generally circular, surface or bottom 40 and a cylindrical wall 42 extending
longitudinally or outwardly from the bottom 40. The bowl-shaped superior end portion
30 defines a bottom or lower portion 44 of a head molding chamber 46 (shown in FIG. 3)
used to mold the spacer head 202 therein. The bottom 40 provides the bottom ot the head
molding chamber 46.

[0023] Referring to FIGS. 2-3, one or more head modules are provided, but 1n this
example two head modules 48 and 50 are received within the superior end portion 30 and
cooperatively define an upper portion 52 of the head molding chamber 46. A securing
member 54 releasably holds the head modules 48 and 50 adjacent the stem portion 14,
and more specifically, against the bottom 44 of the head molding chamber 46. While the
securing member 54 also covers the head modules 48 and 50, it will be understood that
this is not necessary in all cases as long as the securing member 54 keeps the head
modules 48 and 50 adjacent to the stem portion 14 or in generally fixed relation to the
stem portion 14 while receiving pressurized cement during filling of the spacer mold 10
and setting of the cement within the head molding chamber 46.

[0024] To properly match the actual size of a hip joint implant site, the stem
portion 14 may be provided in different sizes. In one form, a plurality of stem portions
14 are available where each stem portion has a different predetermined inner diameter for
the cavity 22, such as 12mm, 14mm, 16mm, or 18mm to name just a few examples, to
mold spacers with those dimensions. In this case, the inner diameter may be a generally
uniform diameter D1 (shown on FIG. 3) of a lower or inferior section 56 of the stem
portion 14. Alternatively, a diameter may be measured at a maximum Or minimum
location on the stem portion 14 especially when the cavity 22 generally tapers inward or
outward.

[0025] It will be understood that other dimensions may be varied on the stem

portion 14 such as additionally or alternatively providing different axial lengths or a
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variation in any other dimension for the internal cavity 22 that would be convenient to
have available in different sizes. A stem portion 14 with a desired size may be ordered
from the manufacturer after the implant site is conveniently measured with X-rays,
imaging, or other non-evasive scanning technology. Otherwise, in one example, a
plurality of the stem portions 14 may be provided in a kit so that the surgeon can use the
closest fitting stem portion during a surgical procedure when the implant site 1s open and
accessible for measurement.

[0026] To add even further adaptability, the head modules 48 and 50 also are
provided in different predetermined sizes and are interchangeable on the stem portion 14.
In the illustrated form, head modules 48 and 50 each have a concave, arcuate, internal
surface 57 (shown in FIG. 3) and 58 (shown in FIG. 2), respectively, that are contiguous
with each other to cooperatively form a generally continuous molding surface to form the
upper portion 52 of the head molding chamber 46. The surfaces 57 and 58 mold at least a
portion of a rounded or spherical outer surface 210 of the spacer head 202. In one form,
the surfaces 57 and 58 extend on the head modules 48 and 50 to provide the outer
surface 210 of the spacer head with a shape that is generally about 3/4 of a sphere or
otherwise matches an articular surface of a femur head. The surfaces 57 and 3%
respectively terminate at lower, arcuate surfaces or ends 60 and 62 (also shown 1n FIG.
11) of the head modules 48 and 50 and are configured to seat on the bottom 44 of the
head molding chamber 46.

[0027] The internal surfaces 57 and 58 have a matching internal diameter D2
(shown on FIG. 2). Thus, it will be understood that only one head module may be needed
for a spacer mold 10 instead of two matching head modules, or more than two head
modules may be used on a single spacer mold. No matter the number of head modules, a
set of head modules may be provided where each head module (or each pair (or other
number) of matching head modules) alternatively provide a different inner diameter D2.
In one example form, a set of pairs of head modules may provide inner diameters D2 of
approximately 50 mm, 53 mm, 56 mm, 59 mm, 62 mm, or 65 mm. When such a set 1s
provided during a surgical procedure, the surgeon may measure the diameter ot the

acetabulum, or the remaining void on the hip when an implanted acetabular cup 1s
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removed from the hip to clear the infection, and then find the head module or modules
with the closest matching inner diameter D2.

[0028] In one embodiment, while the inner diameter D2 may vary from head
module to head module (or from pair to pair of head modules), the head modules will all
have the same or similar exterior dimensions so that they all fit on any size stem portion
14 to provide maximum adaptability. Of course, other configurations are contemplated
where only certain head module sizes can be used with stem portions of a certain size.
[0029] Referring to FIGS. 3 and 6-7, the stem portion 14 also provides the cavity
22 with an adjustable length. Generally, the stem portion 14 has a first member, such as
the stem-end mold piece 28, and a second member, such as the stem portion 14, where
the first and second members are movable relative to each other to adjust the length of the
stem mold cavity. To this end, the stem-end mold piece 28 is received, at least in part,
into the stem member or members 18 and 20 and is adjustable to a plurality of positions.
Each position forms a different length for the stem mold cavity 22 to mold a spacer stem
204 of a different length.

[0030] More specifically, the stem-end mold piece 28 has a cup-shaped
portion 66 with an opening 68 that faces toward a section of the cavity 22 from which
cement will be flowing to the stem-end mold piece. In this case, the opening 68 faces an
intermediate section 69 (shown in FIG. 3) of the cavity 22. The cup-shaped portion 66 is
used to form the inferior end 208 of the spacer stem 204. An elongated handle portion 70
on the stem-end mold piece 28 extends from the cup portion 66 and longitudinally out of
the stem portion 14 through a distal opening 72 cooperatively formed by the aligned stem
members 18 and 20. With the handle portion 70 accessible, the stem portion 14 can be
preassembled with the stem-end mold piece 78 already disposed with the stem portion 14
and a user can still manipulate the handle portion 70 to translate the stem-end mold piece
28 to a desired predetermined position within the cavity 22.

[0031] Referring to FIG. 6, the stem-end mold piece 28 is secured in one of the
predetermined positions by a retaining mechanism 74, such as a pin 76 with a grasping
ring 78 at one end. The handle portion 70 of the stem-end mold piece 28 has a hole or
retaining surface 80 for releasably receiving the pin 76. To receive and hold the pin 76

on the stem portion 14, the stem members 18 and 20 each have a transversely extending,
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symmetrical groove 82 that align with each other to form a transverse passage or slot 84
with an opening 86 (shown best in FIG. 7) to receive the pin 76 and an enclosed bottom
88 opposite the opening 86. While the slot 84 1s generally rectangular in cross-section, it
may alternatively be a circular bore, or any other shape as long as the pin 76 is able to
translate within and be secured within the slot.

[0032] The pin 76 has a connection portion 90 for releasably connecting the pin
76 to the stem portion 14. In one form, the connection portion 90 has two or more
flexible fingers 92 with barbed ends 94. The fingers 92 are biased outward so that they
can be flexed inward to move the pin 76 through the slot 84 and opening 80 on the handle
portion 70. The slot 84 has a widened section 96 to provide clearance for the fingers 92
to shift back outward to their natural position once the pin 76 extends through the handle
portion 70. In this position, the barbed ends 94 oppose tapered retaining surfaces 98 at
the widened section 96 that retain the barbed ends 94 and 1n turn the pin 76 1n the slot 84.
This structure limits unintentional pull-out of the pin 76 from the slot 84 unless a user
pulls on the grasping ring 78 with sufficient force. This cams the barbed ends 94 on the
retaining surfaces 98 thereby transversely pressing the fingers 92 together to clear the
retaining surfaces 98 and squeeze the pin 76 so that the pin 76 can be translated within
the slot. The bottom &8 of the slot 84 limits further insertion of the pin 76 into the slot 84
as does a flange 100 on the pin 76 that has a width greater than the inner width of the slot
84,

[0033] As shown 1n FIG. 7, for another predetermined position for the stem-end
mold piece 28 relative to the stem portion 14, the pin 76 is removed from slot 84 and the
handle portion 70. In this case, a retaining mechanism 64 includes an outwardly, radially
extending flange 102 of the handle portion 70 that engages an inner wall 104 integrally
formed on the stem portion 14 that defines opening 72. The inner wall 104 secures the
stem-end mold piece 28 on the stem portion 14. To retain the stem-end mold piece 28,
the flange 102 has an outer dimension or width greater than an inner dimension or width
of the opening 72. With the pin 76 removed, either a user can pull the stem-end mold
piece 28 by the handle portion 70 and until the flange 102 engages the inner wall 104, or
the pressure from cement filling the cavity 22 will push the stem-end piece 28 outward to

engage the flange 102 to the inner wall 104. The handle portion 70 also has a distal
7
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flange 103 with an outer dimension greater than the inner dimension of the opening 72 on
the inner wall 104 so that the distal flange 104 engages the inner wall 104 to restrict
further translation of the stem-end mold piece 28 into the stem portion 14.

[0034] With the illustrated embodiment, the stem-end mold piece 28 is provided
with at least two predetermined positions, one with the pin 76 engaged to the stem-end
mold piece 28 (FIG. 6) and one without the pin 76 (FIG. 7). These two positions, in one
form, provide for a change in the length of the cavity 22 and, in turn a resulting spacer
stem length, of approximately 40 mm from a length of approximately 160 mm to about
200 mm. It will be appreciated as mentioned above, however, that the handle portion 70
may have multiple holes for receiving the pin 76 where each hole defines a different
longitudinal position for the stem-end mold piece 28 to provide for more than two
different spacer stem lengths. It will also be appreciated that other similar securing
devices could be used instead of a pin such as, for example, locking tab and groove
connections between stem-end mold piece 28 and stem members 18 and 20, an
interference fit between the two, or even threaded connections between stem-end mold
piece 28 and stem members 18 and 20 and/or between stem-end mold piece 28 and pin
76.

[0035] With four different stem portion sizes, six different head module sizes, and
two different stem length sizes, at least 48 different spacer mold sizes are provided. It
will be understood that depending on the sizes offered and modifications of the structure
as mentioned above, more or less spacer mold sizes may be provided. Thus, while 1n one
embodiment all three of (1) the modularity of the head modules, (2) the modulanty of the
stem portion, and (3) the adjustability of the stem length are provided, it will be
understood that only one or two of any of these features may be provided instead.

[0036] Referring to FIGS. 1-4, the intermediate section 69 of the stem portion 14
also has a port 106 that provides access to the interior or cavity 22 of the stem portion 14
to receive cement injected from the cement gun and cartridge 12 or other injector of
pressurized, curable material. The cement 1s provided trom the cartridge 12 at a pressure
sufficient to spread the cement to substantially fill the spacer mold 10. Specifically, the
cement fills the lower end portion 56 of the stem portion 14, filling the cup-shaped
portion 66 of the stem-end mold piece 28 and shifting the mold piece 28 outward if the

8
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pin 76 1s not present. The cement also fills an upper portion 108 of the stem portion 14
torming the neck 206 of the spacer 200, and then fills the head molding chamber 46
within the head modules 48 and 50.

[0037] The port 106 is sufficiently rigid to remain connected to the cement gun
while the cement 1s injected under relatively high pressure, such as, in one form, at
approximately 300 psi to 350 psi. The remainder of the spacer mold 10 including the
port 106 also has a sufficient rigidity to receive the cement under high pressure without
compromising an effectiveness of the spacer mold and unintentional disconnect of an
injector from the port 106. In other words, the port 106 and the rest of the spacer mold
10 will not break, split, or crack when the pressurized cement impacts the spacer mold
10. For these purposes, in one form, high density polyethylene is used to make the spacer
mold 10.

[0038] The port 106 1s also configured to permit the cement gun 12 to be
detached from the port 106 after filling 1s complete. Thus, the port 106 may include an
internally threaded, nigid, cylindrical wall 110 that releasably receives the threaded
nozzle 113 of the cartridge 12. In the illustrated example, the cylindrical wall 110 has a
central axis C that extends transversely from a longitudinal axis L of the stem portion 14.

[0039] Referring to FIGS. 2-3, a detachable, externally threaded plug 112 may be
provided for closing the port 106 once the cartridge 12 is removed so that the mold 10
can be set down 1n any orientation while the material 1s curing 1n the interior cavity. The
plug 112 may include at least one end surface 114 configured for both substantially
blocking the port 106 and for forming a surface of a prosthesis or spacer body formed in
the interior cavity 22. The plug 112 also may be generally cylindrical and have a cross
brace or plate 116 to strengthen the plug.

[0040] Optionally, the stem portion 14 may have a second (or more) port 106a
with i1ts own plug 112a (shown in dashed line) spaced from port 106 along the stem
portion 14 to provide the cement more directly to other parts of the cavity 22. This may
better ensure the cement fills all parts of cavity 22. Also, since the cement has such a
high viscosity, it is difficult for practitioners to comprehend that the cement gun creates
sufficient pressure to place the cement throughout the spacer mold 10. Thus, a

practitioner can use the open additional port 106a to determine by sight, if the cavity 22 is
9
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full, and then, if needed, provide extra cement to further fill other areas of cavity 22
around the additional port 106a such as by the lower end portion 56 of the stem portion
14 in the 1llustrated example.

[0041] The reinforcing bar 26 may be used to strengthen the spacer 200 and
reduce the amount of cement material necessary to fill the spacer mold 10. To embed the
reinforcing bar 76 in the spacer 200, the reinforcing bar 26 may be generally spaced from
an interior surface 122 defining the cavity 22 so that cement can generally spread to all
areas between the stem portion 14 and reinforcing bar 26. For this purpose, centering
projections 124 extend outwardly from an outer surface 120 of the reinforcing bar 26 to
engage the interior surface 122. Alternatively, the centering projections 124 are separate
from the reinforcing bar 26 and extend from the stem portion 14 to hold the reinforcing
bar 26 in the spaced position. At least one centering projection 126 extends from the
reinforcing bar 26 and engages at least one corresponding, interiorly extending protrusion
128 extending from the interior surface 122 (or vice-versa) so that the reinforcing bar 26
is both centered away from interior surface 122 and is secured longitudinally, laterally,
and/or rotationally relative to the stem portion 14. In one configuration, the protrusion
128 is generally ring shaped and receives the centering projection 126 1n the protrusion’s
center. Here, two protrusion-projection engagements exist on opposite sides of the
reinforcing bar 26. The reinforcing bar 26 is made of cast Co-Cr and has a generally
widened disc-shaped, head portion 130 for extending into, and filling a portion of, the
head molding chamber 46 as shown in FIG. 4.

[0042] Alternatively, as shown in FIG. 8, an optional reinforcing bar 132 may be
made of a generally flat piece of laser cut stainless steel. In this form, holes 134 are cut
in the reinforcing bar 132 so that cement can extend through the holes 134. Once cured,
the cement is interlocked with the reinforcing bar 132. These holes 134 can also be
provided on reinforcing bar 26.

[0043] Referring again to FIGS 1-2, the spacer mold stem members 18 and 20 are
not permanently sealed so that pressure on the members 18 and 20 can open a thin space
152 between them to form vents 140 that permit gas or air to exhaust from the spacer
mold 10 as the spacer mold is being filled with cement. The vents 140 also may provide

a visual indication that the spacer mold is filled with cement when cement tflows out of
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the vents 140. To provide the vents 140, the siem member 18 has front and back
longitudinally extending flanges 142 and 144 that respectively oppose and align with
front and back flanges 146 and 148 on the right stem member 20. So configured, the
front flanges 142 and 146 and the back flanges 144 and 148 are held together by fasteners
150 (only one 1s shown in FIG. 2) that can clamp the left and right stem members 18 and
20 together. Space 152 (also shown on FIG. 5) exists between the corresponding front or
back flanges to form the vents 140 between at least two fasteners 150 but may be
between all fasteners or generally throughout the entire surface area of tlanges 142, 144,
146, and 148. This space 152 may exist due to manufacturing tolerances. It will be
appreciated, however, that the vents 140 could be alternatively or additionally formed by
grooves or other openings on the flanges 142, 144, 146 and/or 148 or by openings
anywhere else on the stem portion 14 or by intentionally tightening the fasteners 150 to a
predetermined less-than-maximum amount of tension.

[0044] In the illustrated embodiment, the spacer mold 10 i1s provided to the
physicians with the flanges 142 and 144, 146 and 148, pre-assembled to each other with
the proper amount of tension to provide the vents 140 (and with the reinforcing bar 26
and stem-end mold piece 28 placed therein). Also in the illustrated form, tlanges 142 and
144 on the left stem member 18 have an array of spaced fastener receiving collars 154
that extend transversely to the longitudinal axis L and align with collars 156 on the
opposite corresponding flanges (144 and 148). The collars 154 and 156 receive and hold
the fasteners 150. In the illustrated form, the spacer mold 10 has 15 fasteners 150 spread
along the length of the spacer mold, although more or less could be used.

[0045] Referring to FIGS. 2-3 and 5, on the head portion 16, the securing member
54 has a cover portion 158 and an externally threaded cylindrical portion 160 that
releasably engages the threaded cylindrical wall 42 on the upper portion 30 of the stem
portion 14. So configured, the securing member 54 can be unscrewed from the upper
portion 30 to release the head modules 48 and 50 from a cured spacer 200 formed therein.
An annular strengthening flange 159 extends outward from a joint 161 of the cover
portion 158 and cylindrical portion 160. The cover portion 158 and cylindrical portion

160 cooperatively define an interior 162 that receives the one or more head modules 48
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and 50. The securing member 54 has a generally central opening or vent 164 on the
cover portion 138.

[0046] The head modules 48 and 50 have opposing surfaces 166 (only one is
shown in FIGS. 2-3) with pegs 168 on one head module 48 that fit in holes 170 on the
other head module 50 and vice-versa. The securing member 54 holds the opposing
surfaces 166 against each other and maintains the pegs 168 in the holes 170. As shown
in FIG. 11, the inner diameter of the securing member 54, however, is slightly larger than
the widest external dimension of the head modules 48 and 50 so that a slight opening or
space 172 exists (shown in FIGS. 5 and 11) between the two head modules 48 and 50. In
one form, the space 172 is about 8/1000 inches wide. The space 172 may communicate
with the vent 164 to permit gas from the head molding chamber 46 and interiorly of the
head modules 48 and 50 to escape the spacer mold 10. In the illustrated form, the head
modules 48 and 50 extend through the vent 164, and in turn, define the space 172 to
extend through vent 164 so that gas from between the head modules 48 and 50 may be
released. The head modules 48 and 50 may also have snap-fit barbs 176 to engage an
upper wall 178 of the cover portion 158 to secure the head modules 48 and 50 to the
securing member 54. An extension 174 on the head modules 48 and 50 extends upward
into the vent 164. The extension 174 is used as leverage by pressing the extension 174 to
hold the head portions 48 and 50 in place while gripping and rotating the securing
member 54 to detach the securing member 54 from the stem portion 14 and the head
portions 48 and 50. This will overcome the snap-fit and any adhesion between the cover
portion 158 and head portions 48 and 50 caused by cement. The securing member 54
may also have handles 180 extending upwardly on the cover portion 158 to facilitate the
rotation.

[0047] Still referring to FIG. 11, the cover portion 158 also has two opposing
protrusiohs 182 that project interiorly into the interior 162 of the securing member 54.
The protrusions 182 engage grooves 184 (shown best on FIG. 5) on an array of bracing
flanges 186 that form the exterior of the head modules 48 and 50. With the protrusions
182 seated within the grooves 184 on the bracing flanges 186, the head modules 48 and
50 will rotate with the securing member 54 when the securing member 54 i1s being

removed from the stem portion after curing the spacer 200. This facilitates breaking
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bonds between the dried cement of the head portion 202 of the spacer 200 and the interior
arcuate surfaces 57 and 58 of the head modules 48 and 50. Once the securing member 54
is removed, the head modules 48 and 50 can be peeled or otherwise pulled otf of the head
portion 202.

[0048] Referring to FIG. 9, in one alternative head portion 300, a porous core 302
made of polyethylene is provided within the interior space 304 formed by at least one
head module or cover 306. A cavity 312 is defined between the core 302 and the head
module 306 to receive cement. The head module 306 defines a centrally located vent
passage 308 to release gas from within the interior space 304. A porous extension 310 on
the core 302 abuts the cover 306 adjacent the vent passage 308 and a network of pores
314 on the core 302 provides air passage from the cavity 312 to the vent passage 308.
With this configuration, cement fills cavity 312, and then fills pores 314 and the
extension 310 of the core 304, This directs air from the interior spacer 304 within the
cover 306 into the pores 314, and out of extension 310 and, in turn, through the vent
passage 308. An outer surface 316 of the core 302 provides a relatively large surface
area to receive and remove gas from within the interior space 304. The core 302 may
replace a reinforcing bar head or the reinforcing bar head may be embedded within the
core 302.

[0049] Referring to FIG. 10, in another alternative head portion 400, head
modules 402 and 404 have generally the same basic shape as head modules 48 and 50 but
are made of a porous material as with core 302. The head modules 402 and 404 will
provide a relatively large surface area for receiving and disposing of gas from within an
interior space 406. A reinforcing head 410 may or may not be disposed within cavity 408
as desired. Cement filling the interior space 408 will force gas from the interior space
408, and into pores or a network of pores 412 on the interior surface 406. The pores 412
provide passages to an extension 414 on the head modules 402 and 404. The extensions
414 extend out of a vent passage 416 defined by a cover 418 to exhaust the gas. The
cover 418 secures the head modules 402 and 404 to stem portion 14.

[0050] Referring again to FIG. 11, in yet another alternative head portion
arrangement 500, a solid core 502 of steel, Co-Cr, or hard polymers may be provided

rather than a porous core. In this case, however, the solid core 502 has an inner
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space 504 to recerve reinforcing bar head 130 of reinforcing bar 26. The core 502 and at
least one head module 504 cooperatively define a molding cavity 506 therebetween that
has a varying thickness in order to control the flow of the cement. More specifically, the
molding cavity 506 progresses from a maximum thickness T1 proximal to the stem
portion 14 to a mimimal thickness T2 distal to the stem portion 14 and adjacent the vent
172 on or between the head module 48 and 50. This is accomplished by opposing a
tapered outer surface 510 of the core 502 with the spherical surfaces 57 and 58 of the
head modules 48 and 50. It will be understood that surfaces 57 and 58 could by
alternatively or additionally tapered instead. Otherwise, the head portion 500 has
securing member 54 and head modules 48 and 50 as with head portion 16. The core 502
may also have an upper spacing projection 508 that extends outward from outer surface
510 and engages surfaces 57 and 58 to maintain the interior space 506. The projection
508 has a curved, spherical-like surface 512 to engage the surfaces 57 and 58 so as not to
substantially block vent 172.

[0051] It will also be understood that venting of gases may take place at other
locations as well, such as between the plug and port 106 (while the cement is setting),
between the lower wall 104 of the stem portion 14 and the stem-end mold piece flanges
102 or 103, between the pin 76 and the slot 84, and between the cylindrical wall 42 of the
stem portion 14 and the wall 160 of the securing member 54, for example.

[0052] Referring again to FIG. 3, as another optional feature of the spacer mold
10, a compliance element 188 (shown in dashed line) may be disposed within the cavity
22 and between the reinforcing bar 126 and the interior surface 122 of the stem portion
14 so that the compliance element 188 is at least partially embedded within the spacer
200. The compliance element 188 compresses when the curing material is placed in the
interior cavity 22 and on the compliance element 188. This results in the compliance
element 188 applying a force to urge the cement against the interior surface 122 of the
stem portion 14. This also restricts or reduces the amount of trapped gas within the
cement. The compliance element 188 may be a balloon or other enclosed mechanical
device with a spring, or other device that applies an outwardly directed force from within

the spacer 200.
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[0053] While in one form, the spacer mold 10 is completely assembled before the
gun cartridge 12 is used to inject cement into the spacer mold 10. In an alternative form,
cement is placed within sections of the spacer mold 10 before the spacer mold 10 1s fully
assembled. In this example, securing member 54 is placed upside-down and the head
modules 48 and 50 are placed in the securing member 54. The head modules 48 and 50
are then filled with cement before attaching the head modules 48 and 50 and securing
member 54 to the stem portion 14.

[0054] Similarly, the stem portion 14 may be at least partially filled with cement
before the head portion 16 is attached to the stem portion 14. The stem portion 14 may
be filled either through the port 106 or through an opening 198 (shown in FIG. 4) on the
upper end portion 30 of the stem portion 14. The opening 198 provides passage from the
head molding chamber 46 to the cavity 22 in the stem portion 14.

[0055] In one case, after both the head and stem portions 14 and 16 are separately
filled with cement, the head portion 16 is connected to the stem portion 14 for integrally
forming the spacer head 202 with spacer stem 204. Optionally, a cement gun may be
connected to the port 106 to further fill the spacer mold 10 with cement after the stem
portion 14 and the head portion 16 are connected together. This may collapse air pockets
existing in the cement. In such a case, the cement may or may not be injected under

relatively high pressure.

[0056] Referring again to FIGS. 1-2, in order to remove the cured spacer 200
from the spacer mold 10, the securing member 54 1s unscrewed from the stem portion 14
and the head modules can be pulled away from the spacer 200. The spacer mold 10 also
has at least one generally longitudinally extending, removable section 190 on one or both
of the stem members 18 and 20. In the i1llustrated form, the removable section 190 1s
disposed between two thinned strips 192 where the removable section 190 and the
thinned strips 192 are integrally formed with a body or remainder 194 of the matenal
forming the stem members 18 and 20. Thus, the thinned strips 192 connect the
removable section 190 to the body 194 of the spacer mold 10. The thinned strips 192
have a sufficient thickness to withstand the lateral impact forces of the pressurized
cement from within the spacer mold 10 but are sufficiently thin to tear when pulled

longitudinally. One or more of the removable sections 190 may have at least one
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grasping portion, such as a generally annular ring 196, connected to the at least one
removable section 190 so that the grasping portion 1906 can be held and pulled to
remove the removable section 190 from the body 194. Grasping portion 196 can be
pulled by hand but also may be removed by tool such as by a roll-up bar placed through a
ring and then rolled to roll up the removable sections 190 on the bar. In one example, the
erasping portion 196 is integrally formed with the removable section 190. Once the
removable section 190 is removed from the body 194 and the spacer 200, the rest of the
spacer mold body 194 can be removed from the spacer 200 with tools to press, pull, or
peel the mold body 194 away from the spacer 200 or to break the body 194 into smaller
removable pieces.

[0057] While this invention has been described as having preferred embodiments,
the present invention can be further modified within the scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the
invention using its general principles. Further, this application is intended to cover such
departures from the present disclosure as come within known or customary practice in the
art to which this invention pertains and which fall within the limits of the appended

claims.
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CLAIMS:

1. A mold for forming a temporary prosthesis comprising:

a body defining an interior cavity for forming a temporary prosthesis and a port
for accessing the interior, the port being sufficiently rigid for releasable connection to an
injector of pressurized, curable material; and

a plug for closing the port so that the mold can be set in any orientation while the
material i1s curing in the interior cavity, wherein the plug includes at least one surface

configured for forming a surface of a prosthesis being formed in the interior cavity.

2. The mold of claim 1 wherein the port and the body are sufficiently rigid to receive
curable material at least at approximately 300 ps1 without compromising an effectiveness

of the mold and unintentional disconnect of an injector from the port.

3. The mold of claim 2 wherein the port and the body are sufficiently rigid to receive

the material up to approximately at most 350 psi.

4, The mold of any one of claims 1 to 3, wherein the body further comprises an
interior surface with at least one interiorly extending projection for supporting a
reinforcing member generally spaced from the interior surface and for axially and

rotationally fixing the reinforcing member relative to the interior surface.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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