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1
SLIDE ONE OR MORE SECOND REAMERS, BRAOCHES, OR RASPS (NOT :
ILLUSTRATED) OVER CANNULATED REAMER OR CANAL FINDER ROD |

14
| FURTHER PREPARE SURFACE OF HIP SOCKET FOR SHAPE OF :/\/2
: AUGMENT, SHELI, AND/OR CAGE WITH SAID ONE OR MORE |
I SECOND REAMERS, BROACHES, OR RASPS :

REMOVE CANAL FINDER ROD AND ALL BROACHES, 216
RASPS, AND REAMERS FROM IM CANAL OF ILIUM L~

: TRIAL BY ITERATIVELY SELECTING AND INSERTING ONE OR MORE AUGMENT TRIALS INTO |
: PREPARED IM CANAL OF ILIUM, AND REMOVE WHEN PROPER SIZE AND SHAPE IS SELECTED. :
|

ATTACH CAGE, SHELL, OR OTHER ACETABULAR COMPONENT 10O ACETABULAR REGION /\/

_______________________ o

: ATTACH OTHER ACETABULAR COMPONENTS TO CAGE/SHELL :/\/
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BROACH/RASP IM CANAL OF ILIUM /\/

.

REMOVE BROACH/RASP FROM IM CANAL OF ILIUM /‘/

I SLIDE ONE OR MORE SECOND REAMERS, BRAOCHES, OR RASPS : /\/
I (NOT ILLUSTRATED) OVER CANAL IFINDER ROD I

|
: AUGMENT, SHELL, AND/OR CAGE WITH SAID ONE OR MORE
: SECOND REAMERS, BROACHES, OR RASPS

REMOVE CANAL FINDER ROD AND ALL BROACHES, //
RASPS, AND REAMERS FROM IM CANAIL OF ILIUM

: TRIAL BY ITERATIVELY SELECTING AND INSERTING ONE OR MORE AUGMENT TRIALS INTO |
: PREPARED IM CANAL OF ILIUM, AND REMOVE WHEN PROPER SIZE AND SHAPE IS SELECTED. I
|
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METHODS AND APPARATUS FOR
ACETABULAR ARTHROPLASTY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a United States National Phase filing of
International Application No. PCT/us2009/066462 filed Dec.
2, 2009, which claims the benefit of U.S. Provisional Appli-
cation No. 61/119,210, filed Dec. 2, 2008 and titled “Iliac
Canal Prosthesis”. The disclosure of these applications are
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to methods of pre-
paring acetabular bone for securing acetabular implants, and
more particularly to a method of preparing an acetabulum
using non-rotating cutting means. Moreover, the invention
relates to a method of securing acetabular augments to the
canal of the ilium using broaches and rasps.

2. Related Art

In the past, the iliac canal has been utilized for fixedly
securing an artificial acetabular bearing surface to pelvic
bone. Such prostheses utilized a screw stem attached to a cup
having an articulating surface thereon and were referred to in
the art as “Ring prostheses”. Ring prostheses were generally
monolithic, and made of metal. Uncemented polyethylene-
on-metal (UPM) hip prostheses have also utilized fixation to
the iliac canal. The UPM hip prosthesis was a successor to the
all-metal Ring prosthesis described above.

To this end, all current acetabular prostheses utilizing the
iliac canal for fixation do not provide a surgeon with modu-
larity, intraoperative options, and/or material choices. More-
over, the prior art methods of acetabular preparation for such
acetabular prostheses utilizing the iliac canal for fixation
required rotating cutting means such as a hemispherical
reamer, drill bit, reamer, or screw.

SUMMARY OF THE INVENTION

The aforementioned needs are satisfied by several aspects
of the present invention.

According to an aspect of the invention, there is provided a
method of preparing an acetabular region for the acceptance
of an acetabular implant configured to engage at least a por-
tion of the intramedullary canal of an ilium. The method
comprises the step of using at least one non-rotating means
for bone removal to prepare an intramedullary surface of an
ilium for acceptance of said acetabular implant. The implant
may be, for example, a stem portion of an acetabular prosthe-
sis, or an augment for encouraging acetabular prosthesis sta-
bility.

According to other aspects of the invention, there are pro-
vided surgical instruments for preparing a portion of the
intramedullary canal of an ilium bone. The surgical instru-
ments provided may be configured as broaches or rasps which
serve as non-rotating means for ilium bone removal.

According to yet another aspect of the invention, a method
for performing an acetabular arthroplasty in an acetabulum of
an ilium is provided. The method may include locating an
iliac canal of the ilium. The iliac canal extends from the
surface of the acetabulum generally toward a portion of the
iliac ridge. An impacting step impacts a non-rotating bone
removal tool aligned along the iliac canal such that the non-
rotating bone removal tool removes bone within the iliac
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canal and forms a bone void. Another step secures a fixation
implant within the canal void. An acetabular implant is
installed within the acetabulum over the fixation implant.

Another aspect provides the locating step may comprise
the step of cannulating the iliac canal.

According to another aspect, the locating step may com-
prise positioning a canal finding jig over the ilium.

According to yet another aspect, the canal finding jig may
comprise a first portion, a second portion and an alignment
guide. The positioning a canal finding jig step further com-
prises positioning the first portion of the canal finding jig
against a portion of the acetabulum and positioning the sec-
ond portion of the canal finding jig against a portion of the
iliac ridge such that the alignment guide is aligned along an
axis of the iliac canal.

Yet another aspect may further comprise creating a bone
void surrounded by cortical bone.

According to another aspect, the impacting step may fur-
ther comprise impacting a plurality of non-rotating bone
removal tools.

According to yet another aspect, the impacting step may
further comprise impacting a plurality of differently sized
non-rotating bone removal tools.

The securing step may further comprise the step of cement-
ing the fixation implant into the canal void in yet another
aspect.

According to another aspect, the acetabular implant may be
an acetabular cup.

According to yet another aspect, the acetabular component
may be an acetabular cage.

Another aspect provides a non-rotating bone removal tool
for an iliac canal. The tool may include a bone removing
surface configured to remove bone from the iliac canal and
form a bone void. A positioning portion may be configured to
position the bone removing surface within the iliac canal. The
bone removing surface may be configured relative to the
positioning portion such that the bone removing surface cre-
ates a bone void within the iliac canal such that the bone
removing surface abuts cortical bone.

In yet another aspect, the positioning portion may be a
hollow portion configured to receive a cannula.

According to another aspect, the bone removing surface
may be formed from a preoperative image.

According to yet another aspect, the bone removing sur-
face may be formed from a plurality of parts joined together
forming an irregular shape.

In yet another aspect, the bone removing tool may com-
prise a plurality of modular removable surfaces such that each
modular removable surface may be attached to the non-rotat-
ing bone removal tool independently. The bone void is
formed by the combination of the plurality of modular remov-
able surfaces formed in a series of impacting steps.

Further areas of applicability of the present invention will
become apparent from the detailed description provided here-
inafter. It should be understood that the detailed description
and specific examples, while indicating certain embodiment
of'the invention, are intended for purposes of illustration only
and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate the embodi-
ments of the present invention and together with the written
description serve to explain the principles, characteristics,
and features of the invention. In the drawings:
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FIGS. 1a-1j illustrate a method of preparing an acetabular
region according to one embodiment;

FIGS. 2a-j. illustrate a method of preparing an acetabular
region according to another embodiment;

FIG. 3 is a frontal coronal view of a partially reconstructed
hip showing the iliac canal area of the ilium and a pre-existing
femoral implant;

FIG. 4 is a frontal coronal view of a total reconstructed hip
having an acetabular prosthesis according to one embodiment
of the invention implanted using one or more of the methods
shown in FIGS. 1a-2j;

FIG. 5a. illustrates some examples of various cross-sec-
tional profiles for the non-rotating means for ilium bone
removal.

FIG. 5b. illustrates some examples of various cannulated
cross-sectional profiles for the non-rotating means for ilium
bone removal,

FIG. 6 is an isometric view of a distally converging tapered
broach according to some embodiments of the present inven-
tion;

FIG. 7 is an isometric view of a broach according to some
embodiments of the present invention having cutting surfaces
thereon;

FIG. 8 is an isometric view of a distally converging curved
and tapered broach according to some embodiments of the
present invention;

FIG. 9 is an isometric view of a curved and tapered broach
according to some embodiments of the present invention;

FIGS. 10-13 illustrate broach or rasp geometries according
to some embodiments of the present invention;

FIG. 14a. shows an example of an anatomically-shaped
augment or trial for temporary or permanent implantation
within an iliac canal on a first side of an ilium bone.

FIG. 14b. shows an example of an anatomically-shaped
broach or rasp for preparing an iliac canal on a second side of
an ilium bone which is different from the first side.

FIG. 15 is a schematic diagram illustrating method steps
according to some embodiments of the present invention
which use a reamer.

FIG. 16 is a schematic diagram illustrating method steps
according to some embodiments of the present invention.

FIG. 17 is a jig for inserting a canal finder rod which may
be advantageously utilized with computer-assisted surgery
(CAS) systems.

FIG. 18 is a jig for inserting a canal finder rod according to
some embodiments.

FIG. 19 is a jig for inserting a canal finder rod according to
other embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The following description of the preferred embodiment(s)
is merely exemplary in nature and is in no way intended to
limit the invention, its application, or uses.

The invention provides, in part, a method of preparing an
acetabular region for acceptance of an acetabular implant,
particularly a porous augment or a prosthesis utilizing the
iliac canal as a stable anchor or as a means for proper orien-
tation. Methods of the present invention utilize the iliac canal
as an intact, repeatably identifiable anatomical landmark
which can be used to orient and/or mount an acetabular
implant with a relatively high degree of confidence. Where
used herein, “acetabular implant” may include any one or
more of the following, without limitation: a porous metal, a
porous augment, a semi-porous augment, a nON-porous aug-
ment, an acetabular cage, an acetabular shell, an acetabular
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liner, or devices or portions thereof which are configured for
implantation in or around acetabular bone. The methods of
the present invention are especially advantageous for use with
implants having a stem portion configured for insertion into
the prepared iliac canal, essentially forming a “foundation”
for building up lost or compromised bone. It is preferred that
cementless implant options be utilized where possible, how-
ever, acetabular implants of the present invention may incor-
porate cemented options.

The usefulness of the present invention is not limited to
acetabulum, but may also have some practicality in shoulder
arthroplasty (e.g., instances of trauma).

FIGS. 1a-1j illustrate a method of preparing an acetabular
region according to one embodiment. Turning to FIG. 1a, the
acetabulum 12 of an ilium bone 10 is provided. A canal-
finding cannula 22, which in this embodiment is a guide rod,
but may otherwise be a pin or a reamer, or some other direc-
tional tool extending within the iliac canal, is positioned in the
canal 11 of the ilium 10 via a guide rod inserter jig 20. The
guide rod inserter jig may have a handle 24 for holding, and a
positioning end 26 which is received in the acetabulum 12.

The jig 20 is moved in circular fashion until the guide rod
22 is aligned with the intramedullary canal 11 of the ilium 10.
The guide rod 22 is then inserted into the intramedullary canal
11 using impact force, or by providing a self-drilling tip 14 on
the guide rod 22. Alternatively, the jig 20 may be used to
pre-drill for the guide rod 22 in a separate step.

FIG. 15 illustrates the step of reaming over the guide rod 22
using a cannulated reamer 30 which slides over the guide rod
22. While not shown in the drawings, the reamer 30 need not
be cannulated if a guide rod 22 is not used. In such instances,
a surgeon would simply orient the reamer, ream, and leave the
reamer in situ within the intramedullary canal 11. Reamer 30
has cutting surfaces 16 which help open up the iliac canal 11
by removing bone. A series of reamers 30 having different
diametrical sizes may be provided to accommodate different
patients, and depth marking indicia may be provided thereon
to indicate depth of bone removal.

After reaming is complete, non-rotating means for ilium
bone removal such as a cannulated broach or rasp 44 may be
placed over the reamer 30 as illustrated in FIG. 1¢. The broach
44 is connected to or made integral with a broach handle 40
having an impaction surface 42 as is conventionally done for
femoral and humeral stem broaches. Whilst not shown in the
drawings, the broach 44 need not be cannulated if guide rods
22 and reamers 30 are not used (e.g., instances of osteoporotic
bone). A series or set of broaches 44 having different geom-
etries and sizes may be provided to accommodate different
patients, unique cases, and/or left or right acetabular regions
as will be discussed hereinafter.

The broach 44 is impacted into the iliac canal 11 whilst
being guided by the guide rod 22 and reamer 30. Radial
orientation of the broach 44 relative to the reamer 30 and rod
22 is generally made before impaction 50. After impaction
50, the broach 44 is removed from the canal 11 via an extrac-
tion force 52 applied to the broach 44 or broach handle 40 as
shown in FIG. 1e. Removal of the broach 44 creates a bone
void 18 in the ilium 10 configured to receive a predetermined
acetabular implant 60. Implant 60 may be, for example, a
stem of an acetabular prosthesis or a porous augment as
shown in the drawings. Void 18 is preferably created within
the confines of the iliac canal 11, and is preferably bound by
inner cortical bone of the ilium 10 exposed by the broach 44.
Implant 60 is then inserted into the void 18 and secured by
friction fit or cement. A separate impactor (not shown) or the
broach handle 40 may help in securing the implant 60 within
the void 18.
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Next, an acetabular component 80 such as an acetabular
cage, shell 82, or liner 84 is provided and installed over the
implant 60. In some embodiments, it may be desirable to
provide bone cement and/or bone graft materials 70 to the
prepared acetabular region. Alternatively to, or in combina-
tion with cement and/or bone graft materials 70, cancellous
screws, cortical screws, pegs, wires, or cables (not shown)
may be used to further secure acetabular components 80, 82,
84 to the acetabular region.

FIGS. 2a-j. illustrate a method of preparing an acetabular
region according to another embodiment. Turning to FIG. 2a,
the acetabulum 12 of an ilium bone 10 is provided. A canal-
finding guide rod 22 is positioned in the canal 11 of the ilium
10 via a guide rod inserter jig 20. A series of guide rods 22
having different diametrical sizes may be provided to accom-
modate different patients, and depth marking indicia may be
provided thereon to indicate depth of bone removal. The
guide rod inserter jig may have a handle 24 for holding, and a
positioning end 26 which is received in the acetabulum 12.
The jig 20 is moved in circular fashion until the guide rod 22
is aligned with the intramedullary canal 11 of the ilium 10.
The guide rod 22 is then inserted into the intramedullary canal
11 using impact force, or by providing a self-drilling tip 14 on
the guide rod 22. Alternatively, the jig 20 may be used to
pre-drill for the guide rod 22 in a separate step. FIG. 2b
illustrates the step of removing the jig 20 and leaving the
guide rod 22 in-situ.

After guide rod insertion is complete, non-rotating means
for ilium bone removal such as a cannulated broach or rasp 44
may be placed over the guide rod 22 as illustrated in FIG. 2¢.
The broach 44 is connected to or made integral with a broach
handle 40 having an impaction surface 42 as is conventionally
done for femoral and humeral stem broaches. Whilst not
shown in the drawings, the broach 44 need not be cannulated
if guide rod 22 is not used (e.g., instances of osteoporotic
bone). A series or set of broaches 44 having different geom-
etries and sizes may be provided to accommodate different
patients, unique cases, and/or left or right acetabular regions
as will be discussed hereinafter.

The broach 44 is impacted into the iliac canal 11 whilst
being guided by the guide rod 22. Radial orientation of the
broach 44 relative to the reamer 30 and rod 22 is generally
made before impaction 50. After impaction 50, the broach 44
is removed from the canal 11 via an extraction force 52
applied to the broach 44 or broach handle 40 as shown in FIG.
2e. Removal of the broach 44 creates a bone void 18 in the
ilium 10 configured to receive a predetermined fixation
implant 60. Implant 60 may be, for example, a stem of an
acetabular prosthesis or a porous augment as shown in the
drawings. Void 18 is preferably created within the confines of
the iliac canal 11, and is preferably bound by inner cortical
bone of the ilium 10 exposed by the broach 44. Implant 60 is
then inserted into the void 18 and secured by friction fit or
cement. A separate impactor (not shown) or the broach handle
40 may help in securing the implant 60 within the void 18.

Next, an acetabular component 80 such as an acetabular
cage, shell 82, or liner 84 is provided and installed over the
implant 60. In some embodiments, it may be desirable to
provide bone cement 70 to the prepared acetabular region.
Alternatively to, or in combination with cement 70, cancel-
lous screws, cortical screws, pegs, wires, or cables (not
shown) may be used to further secure acetabular components
80, 82, 84 to the acetabular region.

FIG. 3 is a frontal coronal view showing the iliac canal area
of the ilium. Shown, is schematic diagram illustrating an
example of a pre-operative patient condition prior to implan-
tation of an acetabular prosthesis according to the methods of
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the present invention. A pre-existing femoral head prosthesis
86' articulates with worn natural cartilage of an acetabulum
12 (i.e., hip hemi-arthroplasty). A fixation portion 15 of the
iliac canal 11 of the ilium 10 is shown just superior to the
femoral head prosthesis 86'. An acetabular implant size and
geometry is selected based on preoperative templating, while
keeping in consideration, press-fit quality with interior sur-
faces 18 of the intramedullary canal 11 of the ilium 10.

FIG. 4 is a frontal coronal view of an acetabular prosthesis
according to one embodiment of the invention implanted
using method steps shown in FIGS. 1a-2;. After preparation
of'theiliac canal 11, a fixation implant 60 may be inserted and
press-fit within the walls 18 of the canal 11. In the case shown
in FIG. 4, the implant 60 is a porous augment. A first cement
and/or bone graft material mantle 70' is then applied to the
acetabular region 12 over top of, on the side of, or adjacent to
portions of the implant 60. For example, medial morcelized
bone graft may be placed against the augment 60.

An acetabular component 80, such as an acetabular cage
(shown) is then applied over the first mantle 70'. Cage 80 may
comprise one or more flanges 80' for stability and may further
comprise one or more apertures 80' which serve as screw-
mounting means or simply surfaces for interdigitation of
bone cement and/or bone graft material mantle 70" for
improved fixation. The acetabular cage 80 may be provided
with a hood or buttress for added support to the liner 84 and/or
the bone cement layer 70" bonding the liner 84 to the cage 80.

One or more additional acetabular components such as an
acetabular liner 84 or acetabular shell may then be fixed to the
cemented acetabular component 80. Fixation of the one or
more additional acetabular components 84 may be facilitated
by one or more second cement and/or bone graft material
mantles 70" applied over the acetabular component 80. Either
or both mantles 70', 70" may be substituted by one or more
other fixation means including, but not limited to friction fit,
screws, pegs, spikes, wires, bone matrix (e.g., mineralized
and/or demineralized), cables, and clamps. In the particular
example shown, an acetabular shell is not used, and instead, a
liner 84 is fixed directly to the cage 80. However, an acetabu-
lar shell (82) may be employed between the cage (80) and the
liner (84).

FIG. 5a illustrates some examples of various cross-sec-
tional profiles for the non-rotating means for ilium bone
removal. Non-rotating means for ilium bone removal such as
rasps and broaches may comprise any number of geometric
shapes. Geometric shapes may comprise one or more differ-
ent cross-sections at various locations along their lengths.
Peripheral profiles may include polygons such as octagons
102 and trapezoids 102', and may include curved or B-splined
shapes 102".

FIG. 5b illustrates some examples of various cannulated
cross-sectional profiles for the non-rotating means for ilium
bone removal. If guide rods 22 or reamers 30 are utilized, a
central aperture extending through the length of the broaches
may be employed to orient and guide the broach into the
intramedullary canal 11 of the ilium 10. Said central aperture
may have any cross-sectional shape capable of extrusion,
including, but not limited to curved shapes such as circles and
ovals 104, and polygons such as triangles 104", rectangles
104', and hexagons 104"'.

FIG. 6 is an isometric view of a distally converging tapered
broach according to some embodiments of the present inven-
tion. Broach 110 may or may not be cannulated 112, and may
comprise one or more converging surfaces 111 which may be
planar.

FIG. 7 is an isometric view of a broach according to some
embodiments of the present invention having cutting surfaces






