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UNIVERSAL LINER

This application claims priority to U.S. Provisional Patent Application Serial No.
60/552,296, filed March 11, 2004, the entire contents of which are hereby incorporated by
reference.

BACKGROUND

Orthopaedic implants are becoming increasingly prevalent as millions of patients have
been treated for degenerative diseases and other conditions that affect proper hip, knee,
shoulder and other joint function. Surgery to replace a joint that articulates in a socket often
involves removing the damaged parts of the relevant joint and replacing them with prosthetic
components.

For example, consider the hip. The hip joint is often called a ball-and-socket joint
because the spherical head of the thighbone (femur) moves inside the cup-shaped socket
(acetabulum) of the pelvis. To duplicate this action, a hip replacement implant typically has a
stem, which fits into the femur and provides stability; a ball, which replaces the spherical
head of the femur, and a cup, which replaces the worn-out hip socket. The cup typically
features an acetabular shell and a liner.

Each component of the implant is typically provided in various sizes in order to
accommodate different body sizes and types. In some designs, the stem and ball are one
Ppiece; other designs are modular, allowing for additional customization in fit. Typically, for
cementless applications, a shell is implanted into the socket and a liner is implanted into the
shell. A modular prosthetic stem is then implanted into the patient’s intramedullary canal and
a head (or ball) is positioned on the stem. The head is also adapted to be positioned in the
liner, so that the prosthetic is allowed to articulate in the liner, just as a bone would articulate
within a natural socket.

In choosing the joint implant components to use, a surgeon takes into consideration
many factors, such as the patient’s age, weight, and activity level, as well as relevant factors
relating to the implant itself, such as the type of liner to be used (e.g., ceramic, cross lined
polyethylene, ultra high molecular weight polyethylene, metal, and so forth) in conjunction
with the type of shell (and thus the locking connection featured by the shell) to be used. The
liner and shell are typically chosen together because connections between liners and shells
are material-specific and design-specific.

For example, ceramic liner to metal shell (and metal liner to metal shell) connections

typically use a Morse taper connection, which means that the outer surface of the liner is
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tapered slightly in order to cooperate with a corresponding taper on the inner surface of the
shell. This allows the liner to lock in the shell via a secure connection formed by the tapers.

By contrast, polyethylene liner to metal shell connections typically use a non-Morse
taper connection because of the low push-out force resistance of polyethylene. In other
words, a Morse taper connection may not secure a polyethylene liner to a metal shell because
a tapered polyethylene liner wants to “push” itself out of the shell. Polyethylene liner to
metal shell locking connections will vary, but two common examples are axial locking
features and rotational locking features.

However, there may be instances in which the surgeon would prefer to select the liner
and the shell independently from one another, e.g., a particular shell may have a preferred
bone in-growth feature or a certain implantation feature, or a particular liner may have
properties that will be advantageous to that particular patient. A surgeon may not want to use
the type of liner that is adapted to cooperate with the particular shell chosen and vice versa.
One work-around method that has been used by some surgeons is to apply cement to the pre-
existing shell to secure a polyethylene liner. However, there is not currently a system
available that provides such flexibility.

Additionally, although many advancements have been made to prolong the life of
implants, joint implant surgeries may need to be repeated due to the wear experienced by the
artificial joint over prolonged periods of time due. Wear debris can be generated from the
articulating movement of the components against one another, the components may loosen,
ceramic inserts may fail due to fracture, recurrent dislocation may occur, and so forth.
During revision surgery, which is a surgery that replaces a current implant with a new one,
the surgeon often needs to remove the shell, liner, and implant and replace them with new
components.

One of the problems experienced with revision surgeries is that the shell, which may
be have integrated into the patient’s bone over time, has to be removed because the liner
being used does not have connecting features that correspond to those of the current shell
and/or because the connecting features of the current shell are going to be damaged during
removal of the current liner.

For example, if the surgeon is planning to use a non-tapered liner, but the currently-
implanted shell is tapered, there is no way to create a secure connection. For instance, if a
surgeon is removing a ceramic liner and chooses to replace it with a polyethylene liner, the
surgeon will have to remove the entire shell and replace it with a shell having a different

connection mechanism because the polyethylene liner likely will not engage properly via a
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Morse taper. There is nothing to hold the polyethylene liner in place, particularly because as
polyethylene warms up (e.g., due to body temperature), it expands and tends to pop out. As
discussed above, one alternative method of securing a non-fitting polyethylene liner in place
during revision surgery is to cement the liner to the cup, but that is not optimal.

Another example of why the shell often needs to be removed during revision surgery
is because when the surgeon removes the initial liner (the one implanted during thie primary
surgery), even if the replacement liner has a connection that corresponds with the current
shell, there is often a threadform on the inner surface of the shell that is deformed or damaged
during removal of the initial liner. Although this threadform may have helped to secure the
initial liner, it will no longer be operable to secure the replacement liner due to its
deformation. This is particularly a concern if the surgeon wishes to use a ceramic liner
during the revision surgery because the deformed threadform may create a raised edge when
the initial liner is removed, preventing a new ceramic liner from being properly received by
the shell. A ceramic liner being replaced is at risk of either (a) being cracked or fractured on
the raised edge of the threadform during replacement or (b) causing a higher risk of fracture
during prolonged use from cyclic fatigue against the deformation.

Thus, it would be advantageous to provide a universal liner that can cooperate with a
currently-implanted shell to cut down on trauma to the patient due to removal of the shell.
(Many shells are provided with a bone in-growth material (such as a porous coating or a
biological material) that has encouraged the patient’s bome to fuse with the shell.
Accordingly, removal of the shell can cause unnecessary trauma to the patient and removal of
extra bone, neither of which are optimal.)

It would also be advantageous to provide a universal liner that gives the surgeon more
choices of liner to shell connection pre-operatively.

Accordingly, there is a need in the art for a more universal liner connection.

SUMMARY

The present invention comprehends various embodiments of universal liner
assemblies which may be employed, among other things, for use during hip joint replacement
surgeries. It also comprehends various kits providing a plurality of universal liners, as well
as methods of manufacturing and implanting the universal liners. It is beneficial for various
implant components used in commection with joint replacement surgeries to be
interchangeable, i.e., for liners of various materials to be able to be used with different types

of shells. Additionally, because revision surgeries are common, it is particularly beneficial
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for a surgeon to be able to choose between universal liners of various materials that can be
implanted into a currently-implanted shell.

Embodiments of the universal liners described in this document provide a band
assembly and a liner component that are assembled together and provided as a one-piece
universal liner. One of the benefits of such universal liners is that the band portion interfaces
with the inner portion of the shell, taking the specific material of the liner component (and
thus the material-specific connection required for it to interface with the shell) out of the
equation.

The band portion may have one or more features that cooperate securely within the
shell, such as a tapered slope that interfaces with a tapered shell, anti-rotation features on the
band that interface with the liner or an inner portion of the shell, or other feature. The
concept is that the band of the universal liner cooperates with and secures the universal liner
within the inner portion of the shell.

STATEMENT OF THE INVENTION

Accordingly, the present invention provides for a universal liner assembly for use
with a shell having an inner surface and a liner component having an outer surface,
characterized in the assembly includes a band integrally formed around a portion of the outer
surface of the liner component such that, in use, the band is adapted to interface with the
inner surface of the shell and lock the liner component within the shell, regardless of the
material of the liner component.

In some cases, the outer surface of the band is a tapered outer seating surface, the
inner surface of the shell is a tapered inner seating surface, and the tapered outer seating
surface of the band is adapted to cooperate with the inner tapered surface of the shell.

The band may also include anti-rotation features and the liner may include
corresponding anti-rotation features. Preferably, the anti-rotation features are (a) openings on
the band that cooperate with protrusions on the liner component, (b) protrusions on the band
that cooperate with indentations on the liner, or (c) a combination thereof.

The band may also include axial locking features in the form of asperities that engage
the inner surface of shell in use. Preferably, the axial locking features engage a threadform
on the inner surface of the shell to secure the universal liner in place.

The universal liner assembly may also be characterized in that the band has an inner
seating surface adapted to cooperate with the outer surface of the liner component, and the

inner seating surface of the band is highly polished and adapted to reduce wear.
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Preferably, the band is comprised of titanium, titanium alloys, cobalt-chromium,
surgical steel, surgical steel alloys, PEEK (Polyetheretherketone), nitinol, shape memory
metals, or any combinations thereof. Additionally, the liner is preferably comprised of metal,
cobalt-chromium, surgical steel, surgical steel alloys, diamond coated metal, ceramic,
diamond coated ceramic, polyethylene, biocompatible polymers, or any combinations
thereof.

The present invention also provide.s a method of maraufacturing a polyethylene universal liner
having a polyethylene liner component, characterized in that the polyethylene liner
component is cooled to cause it to shrink; a circuumferential band is fit around the liner
component; and the liner component is allowed to “warm to cause it to expand, causing the
band to lock to the liner component

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a conceptual exploded perspective view of a universal liner according
to certain embodiments of this invention and a side view of a shell adapted to receive the
universal liner.

Figure 2 shows a side perspective view of am assembled universal liner according to
certain embodiments of the invention being inserted into a shell.

Figure 3 shows a side perspective view of one embodiment of a band portion of a
universal liner according to certain embodiments of €he invention.

Figure 4 shows a side perspective view of araother embodiment of a band portion of a
universal liner according to certain embodiments of the invention having anti-rotation
structures.

Figures 5A-C show side perspective views of further embodiments of band portions
of a universal liner according to various embodiments of the invention having anti-rotation
structures and asperities.

Figure 6A shows some alternate embodiments for anti-rotation structures.

Figure 6B shows some alternate embodiments for asperities.

Figure 7 shows a side view of a liner component adapted to cooperate with a band
portion before assembly.

Figure 8 shows an unassembled band and podyethylene liner component.

Figure 9 shows an assembled universal liner according to certain embodiments of the
invention.

Figure 10A shows a side perspective view of an alternate embodiment of an

unassembled band and ceramic liner component.
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Figure 10B shows a side perspective view of the components of Figure 10A in an
assembled configuration.

Figure 10C shows a cut-away view of the assembled configuration of Figure 10B.

Figures 11-12 show alternate liners that may be used with universal liners according
to various embodiments of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows one embodiment of an assembly 10 according to certain aspects of the
invention. Referring to Figure 1, implant assembly 10 features a universal liner 12 that
comprises a band 20 and a liner component 40, and a shell 50. During a primary surgery, the
outer portion 52 of shell 50 is implanted into a patient’s acetabulum, the cup-shaped cavity at
the base of the hipbone into which the ball-shaped head of the femur fits. The specific type
of shell 50 used is not essential because embodiments of this invention provide a universal
liner 12 that can be used in conjunction with any number of shell embodiments 50. For ease
of reference, a few features of various shell embodiments will nonetheless be described.

Shell 50 may be made from any biocompatible material that has sufficient strength
and wear resistance properties for prolonged use, such as titanium, titanium alloys, cobalt-
chromium, surgical steel alloys, or other desired material. It may be press-fit (such that it fits
in the prepared socket without cement) or it may be intended to be secured with cement.
Shell 50 may have attachment structures 54 that may also receive fasteners used to secure
shell 50 in place. Many shells 50 for use with ceramic or metal liners have an inner surface
58 that is slightly tapered, such that it can receive a liner with a corresponding outer tapered
surface. Alternatively, shells intended for use with liners of other materials, such as
polyethylene, have other locking mechanisms. Shell may have bone in-growth features, such
as a porous coating 56 or mesh holes to allow bone to grow into the mesh and essentially
“become part of”’ the bone.

As shown in Figure 2, the inner surface 58 of shell 50 is desirably highly polished and
mirror-like to reduce wear. See e.g., U.S. Patent No. 5,310,408, the contents of which are
hereby incorporated by this reference. (As discussed further below, the iner surface 32 of
the band may also be highly polished.) Even the smallest amount of micro motion of the
liner against the shell or the band can create wear particles and debris, which can lead to
osteolysis. Providing a highly polished surface on the shell and/or the band can prevent,

reduce, or at least slow the generation of debris.
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Inner surface 58 may also feature a threadform 60, o ften a very thin circular or spiral
protrusion within shell, which can be used to engage a liner. Figure 2 illustrates shell 50 in
the form of a cup that is adapted to receive an assembled uniwersal liner 12.

Embodiments of universal liner 12 have two primarsy components, band 20 and liner
component 40. Band 20 and liner component 40 are m anufactured together to provide
universal liner 12 to the end-user as a one-piece assembly 12, shown in Figures 2, 9 and 10B-
C. (These figures show alternate embodiments of bands according to various structures of
the invention.)

In use, the outer surface of the band portion interface s with the inner portion 58 of the
shell 50, making the specific material of the liner component 40 (and thus the material-
specific connection required for it to interface with the shell) irrelevant. The band is adapted
to cooperate with the shell, regardless of the material of the Liner component. As described in
more detail below, the band portion may have one or mores features that cooperate securely
within the shell, such as a tapered slope that interfaces with a tapered shell, asperities on the
band that interface with an inner portion of the shell, or other feature. The band may also
have anti-rotation features that prevent its rotational movement with respect to the shell 50.

As shown in Figure 1, liner component 40 typically has a shape similar to shell 50,
although the diameter of the outer surface 42 of liner component 40 is slightly smaller than
the diameter of shell inner surface 58. This allows the liner component 40 to be received by
shell 50. Liner component 40 also forms an opening 44 that is adapted to receive the head of
an implant (not shown) and allow the head to slide smoothaly inside the acetabular implant.
The surface of opening 44 may also be highly-polished or smooth to allow the implant head
to articulate naturally within liner component 40.

The liners shown in Figures 1-10 are standard (or 0°) liners. Their opening surface 44
is relatively flush with the shell 50 in use. All embodiments of the invention described herein
are also useable with wide chamfer liners (an example of which is shown in Figure 11),
which in some instances, can provide a greater range of motion, and anteversion liners
(examples of which are shown in Figures 12A and 12B). Other types of liners for use with
this invention include overhang and lip liners. In gener-al, any liner that is adapted to
cooperate with a shell may be used with various embodimen-ts of this invention.

Liner component 40 may be comprised of any biocompatible material, although
common bearing materials include metal, cobalt-chromiwwm, surgical steel, surgical steel
alloys, diamond coated metal, ceramic, diamond coated ceramic, polyethylene (e.g., cross

linked polyethylene, ultra high molecular weight polyeth-ylene), biocompatible polymers,
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combinations thereof, or any other type of material having sufficient biocompatibility,
strength and wear resistance properties for prolonged use -

Figures 1 and 2 illustrate how liner outer surface 42 receives band 20 or 120 to form
universal liner 12. Band 20 is preferably seated such that it is in non-rotational relation to
liner component 40. It has an inner seating surface 32 to cooperate with liner 40 and an outer
seating surface 34 to cooperate with shell 50 in use.

The inner seating surface 32 of the band may also have a mirror-like polished surface.
In this embodiment, the shiny polished surface faces the liner so that any relative motion
between the liner and band will generate minimal liner- debris. The polished surface has a
roughness of preferably less than eight (8) micro inches.

As shown in Figure 2, band 20 is assembled integrally around liner component 40.
For the purposes of this application, “integral” and “imategrally” are used to mean that the
band is attached to the liner in such a way that it is not easily removable and so that the
universal liner is a one-piece assembly. Band may be formed of any biocompatible material
that has sufficient strength and wear resistance propertiess for prolonged use, such as titanium
(including commercially-pure titanium), titanium alloys (including alloys with aluminum),
cobalt-chromium, surgical steel, surgical steel alloys, PEEEK (Polyetheretherketone), nitinol (a
combination of nickel and titanium), other shape memnory (or elastic) metals and alloys,
combinations thereof, or other desired material. Various embodiments of band 20 are shown
in Figures 3-6. Additionally, although the bands are shown in the Figures as being somewhat
symmetrical and round, it is possible for the bands to e any shape that corresponds to the
shape of the liner, e.g., oblong, egg-shaped, or any other shape that the liner may take.

Figure 3 shows band 320 with exaggerated taper portions 26 for illustrative purposes
only. In this embodiment, band 320 has a first open face 28 and a second open face 29, the
faces defining an annular wall 30. Wall 30 provides a ssloped or tapered portion 26 of band
320. Taper 26 is provided by wall 30 having a thickness that is greater at first face 28 than at
second face 29. The sloped outer surface 26 of band 320 is adapted to mate with the inner
surface 58 of shell in Morse taper-fashion, with the taper 26 of wall 30 acting as the male
member and the inner surface 58 of the shell 50 actimg as the female member to receive
universal liner 12. Band 320 is shown in place on a liner- component 40, shown in phantom.

In certain embodiments, there may be instances vwhen the band 20 would benefit from
further rotational stabilization with respect to liner component 40. This is particularly useful
with polyethylene liners. During formation of univ-ersal liner 12, the band and liner

components are manufactured together to provide a one-piece unit 12. If, however, the
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connection is not rigid enough, there is a chance that band could “spin” or rotate slightly with
respect to the liner, preventing a secure connection of universal liner 12 in shell 50. Figures
4-6 show various embodiments of bands 120 designed to prevent such rotation.

Figure 4 shows band 120 having anti-rotation features 22 that are formed in the lower
portion 35 of band 120. Anti-rotation features 22 are adapted to cooperate with
corresponding structures on liner (described further below) to prevent rotation of band 120
around liner. Anti-rotation features 22 may be manufactured by cutting indented tabs in the
lower portion 36 of a band, by providing protrusions on the band, or by any other method that
will provide rotational locking between liner and band. In the embodiment shown in Figure
4, anti-rotation features 22 are V-shaped openings that are adapted to be received by
corresponding protrusions on the liner that cooperate with and “catch” anti-rotation features
22. As shown in Figure 6A, anti-rotation features 22 may be rounded, curved, square,
triangular, trapezoidal, cone-shaped, or any other appropriate shape.

In the embodiment shown in Figure 4, anti-rotation features 22 cooperate with
corresponding features 46 on liner when the two components are formed together.
Corresponding features 46 of liner component 40 are shown in Figure 2 as small protrusions
or raised convolutions on liner component 40 at an area where the lower portion 36 of band
120 is seated. Alternate corresponding features 46 are shown in Figure 7 as indentations that
are shaped to receive a similarly-shaped feature on band. The indentations 46 on Figure 7
form a ledge that is adapted to receive anti-rotation features 22. It is understood that anti-
rotation features and corresponding features may be any shape, size, or structure adapted to
secure two components together.

For example, as shown in Figures 5B and 5C, anti-rotation features 22 may have
catches 38, which act as securing notches. Catches 38 are adapted to cooperate with
corresponding receivers 39 on liner 40, as shown in Figure 7. In this embodiment, when
band 120 is positioned over liner 40, catches 38 secure in receiver 39 to prevent liner 120
from rotating around liner 40 in use. Anti-rotation features 22 may alternatively be provided
by featuring indentations (or receivers) in the band and providing corresponding protrusions
(or catches) on the liner, or by any other appropriate method.

Examples of alternate anti-rotation feature embodiments within the scope of this
invention include J-lock features (where either the band or the liner has a protrusion and the
other component has a J-shaped groove that engages and locks with the protrusion), keyed
slots and corresponding keys, dovetail locking mechanisms, ball and detent mechanisms, and

any other features that will prevent one component from rotating with respect to another
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component. Embodiments of anti-rotation features secure rotation of the liner component 40
with respect to band 20, 120, 220, 320.

Figures 5A, 5B, and 5C show band 220 ha ving anti-rotation features 22, as well as
axial locking asperities 24. Bands according to vaxious embodiments of this invention may
have anti-rotation features 22 alone, axial locking asperities 24 alone, neither, or both of these
features. Bands having both of these features are sh.own and described in Figures SA-5C.

Figures 5A-5C show axial locking asperities 24 as cheese-grater-type teeth .
Asperities 24 secure lock universal liner 12 with xespect to shell 50. They are adapted to
engage the inner surface 58 of the shell 50 in use, such that they flex to allow universal liner
12 to fully lock and secure itself within shell 50.

Asperities 24 can engage threadform 60, whaich may spiral within inner surface 58 of
shell 50. Threadform 60 provides a series of edges for the asperities 24 to “grab” onto. (Note
that the threadform may be deformed due to remaoval of the previous liner in a revision
surgery. Although this deformation could present a challenge to liners that are currently
available, certain embodiments of the universal liner 12 described herein can use deformed
threadform 60 as a securing ledge.) It is understood that asperities 24 may also be mashed
inwardly as universal liner 12 is locked within shell 50, causing a resistant securing force.

Asperities 24 can also be used in conjuncti on with the taper embodiment (shown in
phantom on Figure 6A and described above) to confirm that the taper is locked properly. For
example, in order for the taper to be fully locked, it is desirable that there be a bit of space
between the outer surface 42 of the liner componerat 40 and the inner surface 58 of the shell
50; otherwise, there is a chance that the taper 26 is ot fully engaged with the tapered sides of
the shell. When a band 220 having asperities 24 is used, the small amount of space is taken
up by the flexing asperities 24, assuring that the wniversal liner 12 is axially locked within
shell 50.

Although asperities 24 are shown as cheese—grater-type asperities 24 in Figure 5, it is
understood that asperities may be any type of projection, point, bump, rough surface, hook, or
any other feature capable of engaging with inner suxface 58 and/or threadform 60 of shell 50.
As shown in Figure 6B, asperities 24 may be provided in any shape (e.g., triangular, square,
rounded, or any other appropriate shape), as long as they provide the desired axial locking
between band 220 and shell 50. Asperities 24 may, be manufactured by cutting or punching
out portions of band 120 and allowing them to bencl outwardly, by being formed in the band,

or by any other appropriate method.
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Asperities 24 may be provided in rows (as shown in Figures SA-5C) or they may be
provided in random spacing order. In the particular embodiment shown in Figure 5A, there
are two rows, each having twenty-four asperities. Figure 5B shows a combination of a
complete row along with a “broken” row of asperities 24. Figure 5C shows one row of larger
asperities. Accordingly, asperities 24 may be provided in any size and in any number. For
example, one large asperity could flank the span of band or any number of asperities may be
provided in any spacing order on band.

Asperities may also be provided at any angle. The asperities 24 shown in Figures 5A-
5C are angled downward in order to provide axial locking. It is also possible, however, for
asperities to be angled further outward (e.g. angled at about 90° from the surface of the band
220) to also provide rotational locking. It is possible to provide a row of downwardly-angled
asperities along with a row of outwardly-angled asperities (or upwardly-angled asperities).
Another embodiment would be to provide every other asperity at an alternate angle. Any
other placement of asperities of various sizes and at alternate angles and orientations are
within the scope of this invention.

Figure 8 shows one embodiment of band 20 and a polyethylene liner component 40
prior to assembly. Any appropriate method that will secure band 20 to liner component 40
may be used. One manufacturing embodiment that may be used with a polyethylene liner
will be referred to as the “shrink-fit method.” Polyethylene shrinks when it is cooled, so in
the shrink-fit method, the polyethylene liner component 40 is cooled to cause it to shrink to a
size that is smaller than its actual size when at room temperature. One possible method of
cooling the liner is to immerse it in liquid nitrogen. (Those of ordinary skill in the art will
understand that there are many other cooling and manufacturing methods possible.)

Once the polyethylene liner component 40 is sufficiently cooled, band 20 (or any of
embodiments 120, 220, 320) is fitted over the cooled polyethylene liner component 40 to
form universal liner 12, one embodiment of which is shown in Figure 9. Although the lock
is tight at this point, as the polyethylene liner warms, the lock is further enhanced. The lock
is often further enhanced when universal liner 12 is implanted due to increased temperature
from the patient’s body heat, and thus, increased expansion of liner component 40.

Alternatively, band may be a long strip that is applied to the outer surface of liner by
any appropriate method, such as welding, sealing, chemical adhesion, laser etching, etc.

Figure 10A shows one embodiment of band 20 and a ceramic liner component 40
prior to assembly. Again, any appropriate method that will secure band 20 to liner

component 40 may be used. One manufacturing embodiment that may be used with a
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ceramic liner will be referred to as the “vacuum/pressure method.” The ceramic liner
component 40 may be subjected to a certain amount of pressure, allowing the band 20 to be
fit circumferentially around liner. When pressure is released, the band 20 is integrally seated
on liner component 40, as shown in Figure 10B. Other manufacturing methods include
thermal expansion, press fit, or rolling the edges of the band over the circumference of the
liner. Additional manufacturing methods would be apparent to those skilled in the art and
considered within the scope and spirit of this invention.

Figure 10C shows an embodiment of a ceramic universal liner 12 with a ceramic liner
component 40 having a tapered side 43.- Tapered side 43 features a taper that is shorter than a
typical ceramic liner taper, allowing more room inside the metal shell to receive liner,
although it is understood that taper may be any desired length. ~ Additionally, band 20 is
shown with a tapered surface 26 that does not extend up the entire side 43 of liner 40. This
also opens up more room inside the metal shell to receive universal liner 12. (Features that
take up less room inside the metal shell allow for the use of larger liners, which allows for the
use of larger prosthetic heads, which provides greater range of motion and decreased risk of
dislocation.) In the embodiment shown, the interface between the band and the liner
accordingly does not take place over the entire outer surface 42 of liner, but instead, is
focused on liner side 43. This allows universal liner 12 to cooperate with shell 50 in a secure
manner, while also providing more space within shell, allowing the use of a larger liner 1 2.

The description will now turn to how the universal liner is implanted. During a hip
replacement surgery, the surgeon makes an incision over the hip joint. The ligaments and
muscles are then separated to allow the surgeon access to the bones of the hip joint. If this is
a primary surgery (i.e., not a revision surgery), the femoral head is dislocated from the
acetabulum. The natural femoral head is typically removed by cutting through the fermoral
neck. After the femoral head is removed, cartilage is removed from the acetabulum. The
reamer or drill used to remove cartilage may also be used to form the bone in a hemispherical
shape to fit the metal shell portion of the acetabular component.

Before implanting the actual shell component, the surgeon will typically use a trial
component (a duplicate of the hip prosthesis) to ensure that the intended prosthesis is a good
fit. The acetabular shell is then inserted into place using one or more of an impactor, bone
screws, or cement.

If the surgeon is conducting a revision surgery, it may be necessary to remove the ball
and stem prosthesis and/or remove the liner from the shell. If the surgeon is using a universal

liner according to embodiments of the invention, it will not always be necessary to rexnove
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the shell from the patient’s bone ‘socket because the universal liner is adapted to cooperate
with many if not all commercially available shells, regardless of what type of liner it was
initially designed for use with.

One particular embodiment of the invention provides a polyethylene-type universal
liner that can be installed into an implanted shell that was designed for use with, and
originally implanted with, a ceramic liner. Another embodiment provides a ceramic or other
non-polyethylene-type universal liner that can be installed into a shell that is currently
implanted in a patient.

Once the proper universal liner is chosen, the surgeon will place the universal liner
inside the metal shell, typically using an impactor. One of the advantages of this procedure is
that the surgeon is able to select the metal shell to be used independently from selecting the
universal liner.

To begin replacing the femoral head, rasps are used to shape and hollow out femur to
the exact shape of the metal stem of the femoral component. A trial component may be used
again to confirm the correct size and shape of the prosthesis chosen. The surgeon will also
test the movement of the hip joint.

Once the size and shape of the canal exactly fit the femoral component, the stem is
inserted into the femoral canal. If an uncemented femoral stem is to be used, it is held in
place by the tightness of the fit into the bone. If a cemented femoral stem is to be used, the
femoral canal is rasped to a size slightly larger than the femoral stem. Then epoxy-type
cement is used to secure the metal stem to the bone. Finally, the metal ball that replaces the
femoral head is attached to the femoral stem. As a final step, the surgeon will typically check
the location of the prosthesis with an x-ray or C-arm image.

Changes and modifications, additions and deletions may be made to the structures and
methods recited above and shown in the drawings without departing from the scope or spirit

of the invention and the following claims.
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Claims:

1. A universal liner assembly for use with a shell having an inner surface and a liner
component having an outer surface, characterized in the assembly includes:

a band integrally formed around a portion of the outer surface of the liner component
such that, in use, the band is adapted to interface with the inner surface of the shell and
lock the liner component within the shell, regardless of the material of the liner

component.

2. The universal liner assembly of claim 1, further characterized in that the outer
surface of the band is a tapered outer seating surface, the inner surface of the shell is a
tapered inner seating surface, and the tapered outer seating surface of the band is adapted

to cooperate with the inner tapered surface of the shell.

3. The universal liner assembly of claim 1, further characterized in that the band

includes anti-rotation features and the liner includes corresponding anti-rotation features.

4. The universal liner assembly of claim 3, further characterized in that the anti-
rotation features are (a) openings on the band that cooperate with protrusions on the liner
component, (b) protrusions on the band that cooperate with indentations on the liner, or

(c) a combination thereof.

5. The universal liner assembly of claim 1, further characterized in that the band
comprises axial locking features in the form of asperities that engage the inner surface of

shell in use.

6. The universal liner assembly of claim 5 with the inner surface of the shell having
a threadform, further characterized in that the axial locking features engage the

threadform to secure the universal liner in place.
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7. The universal liner assembly of claim 1, further characterized in that the band has
an inner seating surface adapted to cooperate with the outer surface of the liner
component, and the inner seating surface of the band is highly polished and adapted to

reduce wear.

8. The universal liner assembly of claim 1, further characterized in that the band is
comprised of titanium, titanium alloys, cobalt-chromium, surgical steel, surgical steel
alloys, PEEK (Polyetheretherketone), nitinol, shape memory metals, or any combinations

thereof.

9. The universal liner assembly of claim 1, further characterized in that the liner
component is comprised of metal, cobalt-chromium, surgical steel, surgical steel alloys,
diamond coated metal, ceramic, diamond coated ceramic, polyethylene, biocompatible

polymers, or any combinations thereof.

10. A method of manufacturing a polyethylene universal liner having a polyethylene
liner component, characterized in that

() the polyethylene liner component is cooled to cause it to shrink;

(b) a circumferential band is fit around the liner component; and

() the liner component is allowed to warm to cause it to expand, causing the

band to lock to the liner component.

11. A method of performing a joint revision implant surgery, comprising

(@) leaving a shell from a previous surgery in place in the patient’s socket;

(b)  placing a universal liner assembly in the shell, thie universal liner for use
with a shell having an inner surface and a liner comxponent having an outer
surface, characterized in the assembly includes:

a band integrally formed around a portion of the outer surface of the liner
component such that, in use, the band is adapted to interface with the inner
surface of the shell and lock the liner component within the shell, regardless of

the material of the liner component.
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