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procedure. In an exemplary embodiment, the acetabulum Is prepared and fitted with a prosthetic acetabular cup 702 and a
prosthetic femoral head 1102 Is fitted into the prosthetic acetabular cup 702. An Iintramedullary rod 1502 Is inserted longitudinally
Into the femur. A prosthetic femoral neck 3102 Is then Inserted from a point along the side of the patient's body and into the side of
the femur and through a pre-existing lateral bore In the intramedullary rod 1502 and through the remainder of the femur to join the

prosthetic femoral head 1102. The methods and apparatus include structures and technigues for fixing the prosthetic femoral neck
3102 In relation to the Intramedullary rod 1502.
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(57) Abstract: Methods and apparatus of the present
invention provide for orthopaedic total replacement of the
hip while substantially preserving muscles and soft tissues
around the hip joint resulting in reduced healing time and
decreased risk of dislocation following the procedure. In
an exemplary embodiment, the acetabulum is prepared
and fitted with a prosthetic acetabular cup 702 and a
prosthetic femoral head 1102 is fitted into the prosthetic
acetabular cup 702. An intramedullary rod 1502 is inserted
longitudinally into the femur. A prosthetic femoral neck
3102 is then inserted from a point along the side of the
patient’s body and into the side of the femur and through a
pre-existing lateral bore in the intramedullary rod 1502 and
through the remainder of the femur to join the prosthetic
femoral head 1102. The methods and apparatus include
structures and techniques for fixing the prosthetic femoral
neck 3102 in relation to the intramedullary rod 1502.
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METHOD AND APPARATUS FOR TOTAL HIP REPLACEMENT

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to medical methods and apparatus, and more
particularly to a method and apparatus for minimally invasive total hip arthroplasty.

Description of the Related Art

[0002] Early methods and apparatus for performing total hip replacement required
a relatively long incision and provided open visualization of the trochanteric region of the
femur, the femoral head and the acetabulum. However, such techniques result in substantial
dissection and disruption of muscles and tissues around the hip joint. The substantial
disruption of the tissues creates risk of dislocation and requires many months for
rehabilitation and healing.

[0003] Minimally invasive techniques for total hip replacement have also been
described. See, e.g., U.S. Patent Nos. 7,004,972, 6,991,656 or 6,695,850. As one example,
information published by the American Academy of Orthopaedic Surgeoﬁs generally
describes minimally invasive techniques that use a 3-6 centimeter incision and, as compared
to traditional techniques, involve less splitting or detaching of muscles and tendons and less
soft tissue dissection. However, such existing minimally invasive techniques still involve
substantial disruption of the soft tissue envelope around the hip joint, including the tissue
disruption required to create space in which to place and fit a prosthetic femoral neck and
head between the femur and the acetabulum. Moreover, existing techniques have failed to
adequately address the problem of numerous trial reductions and dislocations often required
to achieve proper fit of the prosthetics which not only causes additional disruption to the
tissnes, but also consumes valuable time. There is a present need tor methods and apparatus
that providé for efficient total hip replacement while maintaining the integrity of the tissues

proximate to the hip joint.
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SUMMARY OF THE INVENTION

[0004]  Once embodiment of the present inventions concerns a method of
performing a total hip arthroplasty that comprises (1) surgically accessing an acetabulum, (2)
preparing the acetabulum to receive a prosthetic acetabular cup, (3) seating the prosthetic
acetabular cup in the prepared acetabulum, (4) fitting a prosthetic femoral head within the
prosthetic acetabular cup, the prosthetic femoral head rotatable with respect to the prosthetic
acetabular cup, (5) surgically accessing a femur, (6) preparing the femur to receive an
intramedullary rod, the intramedullary rod having a neck bore, (7) inserting into the femur at
least a portion of the intramedullary rod including the neck bore, (8) creating a femoral bore
into the femur, the femoral bore defining a passage through the femur from a side of the
femur opposite the acetabulum and through the neck bore in the inserted intramedullary rod,
(9) inserting a head-engaging end of a prosthetic femoral neck into the femoral bore, through
the neck bore in the inserted intramedullary rod to engage the prosthetic femoral head, and
(10) joining the head-engaging end of the prosthetic femoral neck to the prosthetic femoral
head. A preferred aspect of that embodiment further includes fixing the prosthetié temoral
neck with respect to the inserted intramedullary rod. Additional advantage may be achieved
in the embodiment wherein the fixed prosthetic femoral neck extends from a first point
~ external to the femur and through the femur to a second point where it joins the prosthetic
femoral head. Another preferred aspect of the present invention is one wherein the femoral
bore is created before a natural femoral head is removed. A still further advantageous aspect
of the present invention is one wherein at least one anterior incision provides surgical access
to the acetabulum and to the femur. Another advantageous aspect of the present invention is
one wherein a posterior incision provides surgical access to the femur. In a further preferred
embodiment, the present invention includes removably fixing an alignment tool to the
intramedullary rod, the alignment tool having a guide bore which, when the alignment tool is
removably fixed to the intramedullary rod, is in alignment with the neck bore of the
intramedullary rod, and advancing a drilling bit through the guide bore, through the side of
the temur opposite the acetabulum, through the neck bore in the intramedullary rod in a

direction toward the acetabulum.
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[0005] This method may also derive advantage from an embodiment wherein the
- alignment tool further comprises a first fixation keyway and the intramedullary rod further
comprises a second fixation keyway which removably interlocks with the first fixation
keyway to facilitate removable fixation of the alignment tool to the intramedullary rod. The
method may derive additional advantage from an embodiment wherein the diameters of the
prostﬁetic acetabular cup and the prosthetic femoral head both exceed 50 millimeters. A
further advantageous aspect of this method is one wherein the prosthetic acetabular cup
includes at least one fixation bore and wherein seating the acetabular cup includes
rotationally driving a fixation screw through the fixation bore to fix the prosthetic acetabular
cup in a seated position within the prepared acetabulum. Another preferred aspect of the
method is one wherein a hollow channel in the fixation screw is positioned to direct bodily
tluid into a space between the prosthetic femoral head and the prosthetic acetabular cup. The
method may derive additional benefit from an embodiment wherein at least part of the
prosthetic acetabular cup 1s cobalt chromium. Still further advantage may be derived from an
embodiment wherein the inner surface of the acetabular cup and the outer surface of the
acetabular cup are made from different materials. Yet another preferred aspect of this
embodiment 1s one wherein the insertion of at least a portion of the intramedullary rod
comprises mserting a guide wire into the intramedullary canal of the femur. A still further
preferred aspect of the present invention is one wherein a reamer is used in preparation of the
acetabulum, the reamer having a reaming head and reaming shaft, the reaming head
removable from the reaming shaft, the reaming head without the reaming shaft positioned at
the acetabulum through the acetabular surgical access, the reaming shaft positioned through a
second surgical access to engage the positioned reaming head. Additional benefit may be
derived from this aspect in an embodiment of the method wherein the reaming shaft is
positioned through the femoral bore to engage the positioned reaming head. Still further
benefit may be derived from an embodiment of the method wherein an impactor is used in
seating prosthetic acetabular cup in the acetabulum, the impactor having an impactor head
and an 1mpactor shaft, the impactor head removable from the impactor shaft, the impactor
head without the impactor shaft positioned through the acetabular surgical access to engage

the prosthetic acetabular cup, the impactor shaft positioned through a second surgical access
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to engage the positioned impactor head. Additional benefit from the method may be derived
from an embodiment wherein the impactor shaft is positioned through the femoral bore to -
engage the positioned impactor head.

[0006] Another method of performing a total hip arthroplasty i accordance with
the present invention comprises (1) surgically accessing an acetabulum and preparing it to
receive a prosthetic acetabular cup and prosthetic femoral head, (2) seating the prosthetic
acetabular cup and prosthetic femoral head, the prosthetic femoral head rotatable within the
prosthetic acetabular cup, (3) surgically accessing a femur and preparing it to receive a
support sleeve, the support sleeve comprising a rod bore and a neck passage, (4) seating the
support sleeve into a trochanteric region of the femur, (5) inserting an intramedullary rod into
the femur and through the rod bore of the support sleeve, the diameter of the rod bore
configured to receive and hold a proximal region of the intramedullary rod while a distal stem
of the intramedﬁllary rod extends deeper into the femoral canal, the intramedullary rod
comprising a neck bore aligned with the neck slot of the support sleeve, (6) inserting a
prosthetic femoral neck from a position along a side of a patient’s body, through a first side
of the femur, through the neck passage and the neck bore to fixedly engage the prosthetic
femoral head, and (7) fixing the prosthetic femoral neck with respect to the intramedullary
rod to thereby position the femur to usefully approximate normal rotational capacity with
respect to the acetabulum. A preferred aspect of this embodiment i1s one wherein the
prosthetic femoral head is rotatably fixed within the prosthetic acetabular cup prior to
surgically accessing the acetabulum. Another preferred aspect of this embodiment 1s one
wherein bone-engaging walls of the support sleeve comprise a plurality of planar surfaces
substantially perpendicular to the femoral canal. A still further preferred aspect of this
embodiment is one wherein the diameters of the prosthetic acetabular cup and the prosthetic
femoral head both exceed 50 millimeters. Additional advantage may be derived from an
aspect of the embodiment wherein the outer surface of the prosthetic acetabular cup includes
irregularities penetrable by new acetabular bone growth. Another preferred aspect of this
embodiment is one wherein the outer surface of the prosthetic acetabular cup includes
protrusions facilitating seating within the prepared acetabulum. Yet another preferred aspect

of this embodiment is one wherein fixing the prosthetic femoral neck with respect to the
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intramedullary rod comprises rotationally driving a threaded fixation bolt into a threaded .
fixation bore in the intramedullary rod to exert a fixation force upon the prosthetic femoral
neck, the threaded fixation bore perpendicular to and connecting with the ﬁeck bore. An
additional preferred aspect of this embodiment is one wherein the fixation force upon the
prosthetic femoral neck forces one or more ridges in the neck bore to engage one or more
grooves formed in the prosthetic femoral neck.

]0007] One embodiment of an apparatus for total hip replacement in accordance
with the present invention comprises (1) a prosthetic femoral head comprising a partially
spherical head portion configured to fit rotatably within a prosthetic acetabular cup seated in
an acetabulum, the prosthetic femoral head also comprising a neck engagement portion
configured to fixedly join a prosthetic femoral neck, (2) an intramedullary rod configured to
be inserted within a femur such that at least a portion of a proximal end of the intramedullary
rod is positioned within a trochanteric region of the femur and a distal end of the
intramedullary rod is positioned deeper in the femur, the intramedullary rod including a
lateral bore, and (3) a prosthetic femoral neck having a head engagement end configured to
fixedly join the neck engagement portion of the prosthetic femoral head, the prosthetic
femoral neck configured to be advanced from a position along a side of a patient’s body,
through a side of the femur opposite the acetabulum, and through the lateral bore of the
intramedullary rod such that the head engagement end of the prosthetic femoral neck fixedly
joins the neck engagement portion of the prosthetic femoral head while a portion of the
prosthetic femoral neck occupies the lateral bore. A preferred aspect of this embodiment is
one wherein the intramedullary rod includes a threaded neck fixation bore extending from the
proximal end of the intramedullary rod into the lateral bore, and wherein a threaded fixation
screw removably tightened into the neck fixation bore fixes the prosthetic femoral neck
relative to the mmtramedullary rod in a position m which the head engagement end of the
prosthetic femoral neck fixedly joins the neck engagement portion of the prosthetic femoral
head. Another preferred aspect of this embodiment i1s one wherein at least a shaft portion of
the prosthetic femoral neck has a non-circular cross-section. A still further preferred aspect
of this embodiment is one wherein a shaft portion of the prosthetic femoral neck is curved.

Yet another preferred aspect of this embodiment is one wherein the diameter of the partially



CA 02671523 2009-06-03
WO 2008/069800 PCT/US2006/046795

spherical head portion of the prosthetic femoral head is at least 50 millimeters. Additional
‘advantage may be derived from an embodiment this apparatus wherein the distal end of the
intramedullary rod comprises at least two prongs. A preferred aspect of this embodiment is
one wherein an outer bone-engaging surface of the distal end of the intramedullary rod is
configured to include at least one flute. An additional preferred aspect of this embodiment is
one that further comprises a support sleeve adapted to be seated in the trochanteric region bf
the femur, the support sleeve including a rod bore and a neck passage, the rod bore
configured to hold a portion of the proximal end of the intramedullary rod while the distal
end of the intramedullary rod 1s positioned deeper in the femur such that the neck passage is
aligned with the lateral bore of the intramedullary rod to accommodate advancement of the
prosthetic femoral neck through both the neck passage and the lateral bore. Yet another
preferred aspect of the embodiment is one wherein fixation ridges formed on a surface
defining, at least 1n part, the neck passage engage the prosthetic femoral neck to resist
movement of the prosthetic femoral neck within the neck passage. A still further preferred
aspect of the embodiment is one wherein a shaft portion of the prosthetic femoral neck is
curved and wherein at least one fixation groove 1s formed in both top and bottom sides of the
‘prosthetic femoral neck. Additional advantage may be derived from an embodiment of the
apparatus further comprising a neck cover configured to connect to the support sleeve to
maintain separation between bodily tissues and a portion of the prosthetic femoral neck. A
preferred aspect of this embodiment is one wherein respective surfaces of the lateral bore and
the prosthetic femoral neck are configured to resist movement of the prosthetic femoral neck
within the lateral borer.. Still further advantage may be derived from an embodiment of the
apparatus further comprising a prosthetic acetabular cup configured for seating in an
acetabulum. A preferred aspect of that embodiment is one wherein the prosthetic acetabular
cup 1s seated using an impactor comprising an impaction head with a convex impaction
surface configured to nondestructively engage a portion of a concave surface of the prosthetic
acetabular cup. Another preferred aspect of that embodiment is one wherein one or more
protrusions on the outer surface of the prosthetic acetabular cup penetrate into acetabular

bone when the prosthetic acetabular cup is seated in the acetabulum.
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10008] Another method for total hip arthroplasty in accordance with the present
invention 1s one that comprises (1) fixing a prosthetic femoral head in a position rotatable
with respect to an acetabulum, (2) creating a bore in a femur from a side of the femur
opposite the acetabulum and extending in a direction toward the acetabulum, (3) joining an
end of a prosthetic femoral neck to the prosthetic femoral head after advancing the end of the
prosthetic femoral neck 1nto the bore to engage the prosthetic femoral head, and (4) fixing
the position of the prosthetic femoral neck with respect to the femur.

[0009] In addition, one embodiment for a system for total hip arthroplasty in
accordance with the present invention comprises (1) means for fixing a prosthetic femoral
head 1n a position rotatable with respect to an acetabulum, (2) means for creating a bore in a
femur from a side of the femur opposite the acetabulum and extending in a direction toward
the acetabulum, (3) means for joining an end of a prosthetic femoral neck to the prosthetic
femoral head after advancing the end of the prosthetic femoral neck into the bore to engage
the prosthetic femoral head, and (4) means for fixing the position of the prosthetic femoral
neck with respect to the femur.

According to the present invention there is provided a prosthetic apparatus for total
hip replacement, comprising:

a prosthetic femoral head comprising a partially spherical head portion configured to
fit rotatably within a prosthetic acetabular cup seated in an acetabulum, the prosthetic
femoral head also comprising a neck engagement portion configured to fixedly join a
prosthetic femoral neck;

an 1ntramedullary rod configured to be inserted within a femur such that at least a
portion of a proximal end of the intramedullary rod is positioned within a trochanteric region
of the femur and a distal end of the intramedullary rod is positioned deeper in the femur, the
intramedullary rod including a lateral bore; and

a prosthetic femoral neck having a head engagement end configured to fixedly join
the neck engagement portion of the prosthetic femoral head, the prosthetic femoral neck
comprising a taper, the prosthetic femoral neck configured to be advanced from a position

along a side of a patient's body, through a side of the femur opposite the acetabulum, and

v
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through the lateral bore of the intramedullary rod, wherein the taper i1s configured to lock the
prosthetic femoral neck such that the head engagement end of the prosthetic femoral neck
fixedly joins the neck engagement portion of the prosthetic femoral head while a portion of
the prosthetic femoral neck occupies the lateral bore; and

a support sleeve adapted to be seated 1n the trochanteric region of the femur, the
support sleeve including a rod bore and a neck passage, the rod bore configured to hold a
portion of the proximal end of the intramedullary rod while the distal end of the
intramedullary rod 1s positioned deeper in the femur such that the neck passage is aligned
with the lateral bore of the intramedullary rod to accommodate advancement of the
prosthetic femoral neck through both the neck passage and the lateral bore.

[0010] These and other embodiments of the present invention are disclosed and
described below. It will be appreciated that other embodiments and all substantial
equivalents are within the scope of the inventions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 illustrates a representation of an initial mcision in accordance
with one embodiment of the present invention;

[0012] Figure 2 1llustrates a representation of a surgical access to a hip joint
capsule 1in accordance with one embodiment of the present invention;

[0013] Figure 3A illustrates a representation of cut lines in a femoral neck in
accordance with one embodiment of the present invention;

[0014] Figure 3B 1llustrates a representation of removal of a portion of a femoral
neck 1 accordance with one embodiment of the present invention;

[0015] Figure 3C illustrates a representation of removal of a femoral head in

accordance with one embodiment of the present invention;
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[0016] Figure 4A 1llustrates a representation of a series of reamer tools stepped in
size;

[0017] Figure 4B illustrates a representation of reaming of an acetabulum in
accordance with one embodiment of the present invention;

[0018] Figure SA illustrates a representation of an inner and an outer portion of a
two-piece prosthetic cup with aligned holes used to join the two pieces in accordance with
one embodiment of the present invention;

[0019] Figure 5B illustrates a representation of aligned holes formed in walls of
inner and outer cup portions of a two-piece prosthetic cup and a screw to be inserted through
the holes to fix the cup portions relative to each other in accordance with one embodiment of
the present invention;

[0020] Figure 5C illustrates a two-piece prosthetic cup in accordance with one
embodiment of the present invention;

[0021] Figure 5D illustrates a cross-sectional view of an embodiment of a two-
piece prosthetic cup in accordance with one embodiment of the present invention wherein the
two pieces are joined by a lip formed into the rim of the inner cup;

[0022] Figure SE 1llustrates a two-piece prosthetic cup in accordance with an
embodiment of the present invention wherein the two pieces are joined by a lip formed into
the rim of an inner cup portion;

[0023] Figure 6A 1llustrates a representation of a three-dimensional perspective
and cross-sectional view of an anchoring protrusion for an outer surface of a prosthetic
acetabular cup 1n accordance with one embodiment of the present invention;

[0024] Figure 6B illustrates a representation of a three-dimensional perspective
and cross-sectional view of an anchoring protrusion for an outer surface of a prosthetic
acetabular cup in accordance with another embodiment of the present invention;

[0025] Figure 6C illustrates a representation of a prosthetic acetabular cup having
a plurality of anchoring protrusions in accordance with an embodiment of the present

invention;
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10026} Figure 7 illustrates a representation of a prosthetic acetabular cup in
relationship to an acetabulum in preparation for impacting in accordance with an embodiment
of the present invention;

[0027] Figure 8A illustrates a representation of a cross-sectional view of a wall of
a prosthetic acetabular cup in relationship to an acetabulum, with a fixation screw positioned
to be fitted into a hole in the wall to fix the prosthetic acetabular cup to the acetabulum in
accordance with an embodiment of the present invention;

[0028] Figure 8B 1llustrates a representation of an inner surface of a prosthetic
acetabular cup with a fixation screw positioned to be fitted into a hole in the inner surface to
fix the prosthetic acetabular cup to an acetabulum in accordance with an embodiment of the
present mnvention;

[0029] Figure 8C 1llustrates a representation of a cross-sectional view of a wall of
a prosthetic acetabular cup in relationship to an acetabulum, with a fixation screw fitted
through a hole in the wall and fixing the prosthetic acetabular cup to the acetabulum in
accordance with an embodiment of the present invention;

[0030] Figure 8D 1llustrates a representation of a fixation screw having a shaft
bore in accordance with an embodiment of the present invention;

[0031] Figure 9A illustrates a representation of an impactor tool joined to a
prosthetic acetabular cup in position for impacting in accordance with an embodiment of the
present invention; :

[0032] Figure 9B 1illustrates a representation of an impactor tool joined to a
prosthetic acetabular cup impacted into an acetabulum in accordance with an embodiment of
the present invention;

[0033] Figure 10 illustrates a representation of an impactor tool having apparatus
indicative of an abduction angle in accordance with an embodiment of the present invention;

[0034] Figure 11 illustrates a representation of a prosthetic femoral head in
position for placement in relation to an impacted prosthetic acetabular cup in accordance with

an embodiment of the present invention;
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[0035] Figure 12 1llustrates a representation of a prosthetic femoral head
‘positioned in a prosthetic acetabular cup in accordance with an embodiment of the present
mvention;

[0036] Figure 13 illustrates a representation of a second incision in accordance
with ah embodiment of the present invention:

[0037]  Figure 14 illustrates a representation of a femoral reaming tool with a
tissue protecting guide in accordance with an embodiment of the present invention:

[0038] Figure 15A illustrates a representation of a three-dimensional side view of
an 1ntramedullary rod with a femoral neck bore in accordance with an embodiment of the
present invention;

[0039] Figure 15B 1llustrates a représemation of a three-dimensional front view of
an 1tramedullary rod with a femoral neck bore in accordance with an embodiment of the
present mvention; -

[0040] Figure 15C illustrates a representation of a fixation keyway formed in an
end of an intramedullary rod in accordance with an embodiment of the present invention:

[0041] Figure 15D illustrates a representation of a fixation keyway formed in an
end of én intramedullary rod in accordance with another embodiment of the present
mmvention;

[0042] Figure 16A 1llustrates a representation of a three-dimensional side view of
an mtramedullary rod with a femoral neck bore and a distal fixation bore 1 accordance with
an embodiment of the present invention:

[0043] Figure 16B illustrates a representation of a three-dimensional front view of
an intramedullary rod with a femoral neck bore and a distal fixation bore in accordance with
an embodiment of the present invention;

[0044] Figure 17A illustrates a representation of a side view of a driving tool
engaged with an intramedullary rod to be driven into a femoral canal in accordance with an
embodiment of the present invention;

[0045] Figure 17B illustrates a representation of a rear view of a driving tool in

accordance with an embodiment of the present invention:
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[0046] Figure 17C 1illustrates a representation of a top down view of a driving tool
in accordance with an embodiment of the present invention;

[0047] Figure 17D 1llustrates a representation of a fixation keyway in an end of 4
driving tool in accordance with an embodiment of the present invention;

1004 8] Figure 17E illustrates a representation of a fixation keyway in an end of a
driving tool in accordance with another embodiment of the present invention;

[0049] Figure 18A illustrates a representation of a top down view of a support
sleeve for an intramedullary rod in accordance with an embodiment of the present invention;

[0050] Figure 18B illustrates a representation of a rear view of a support sleeve
for an mtramedullary rod 1in accordance with an embodiment of the present invention;

[0051] Figure 18C 1illustrates a representation of a side view of a support sleeve
for an intramedullary rod in accordance with an embodiment of the present invention;

[0052]  Figure 18D illustrates a representation of a perspective view of a support
sleeve for an intramedullary rod in accordance with an embodiment of the preéent invention;

[0053] Figure 19A illustrates a representation of a perspective view of a support
sleeve for an intramedullary rod in accordance with another embodiment of the present
invention:

[0054] Figure 19B illustrates a representation of a perspective view of a support
sleeve for an intramedullary rod in accordance with still another embodiment of the present
Invention;

[0055] Figure 19C illustrates a representation of a perspective view of a support
sleeve for an intramedullary rod in accordance with yet another embodiment of the present
invention;

[0056] Figure 20A 1illustrates a representation of a top down view of a support
sleeve having ridges to engage a prosthetic femoral neck in accordance with an embodiment
of the present invention;

[0057] Figure 20B illustrates a representation of a cutaway side view of a support
sleeve having ridges to engage a prosthetic temoral neck in accordance with an embodiment

of the present invention;
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[0058] Figure 20C illustrates a representation of a close-up view of the support
sleeve having ridges to engage a prosthetic femoral neck in accordance with an embodiment
of the present invention as illustrated in Figure 20B;

[0059] | Figure 21A illustrates a representation of a perspective view of a support
sleeve having ridges to engage a prosthetic femoral neck in accordance with another
embodiment of the present mvention;

[0060] Figure 21B illustrates a representation of a cutaway side view of a support
sleeve having ridges to engage a prosthetic femoral neck in accordance with another
embodiment of the present imnvention;

[0061] Figure 22A illustrates a representation of a cutaway side view of a support
sleeve having stepped bone-engaging outer surfaces in accordance with another embodiment
of the present invention;

[0062] Figure 22B illustrates a representation of a close-up view of a support
sleeve having a stepped bone-engaging outer surface in accordance with an embodiment of
the present invention as illustrated 1n Fi gﬁre 22A;

[0063] Figure 22C illustrates a representation of a close-up view of a support
sleeve having a stepped bone-engaging outer surface in accordance with an embodiment of
the present invention as illustrated 1n Figure 22A;

[0064] Figure 23A illustrates a representation of a three-dimensional perspective
view of a support sleeve and support sleeve cover configured to be removably joined in
accordance with an embodiment of the present invention;

[0065] Figure 23B illustrates a representation of a rear view of a support sleeve
cover in accordance with an embodiment of the present invention,;

[0066] Figure 23C illustrates a representation of a cutaway side view of a support
sleeve cover in accordance with an embodiment of the present invention; |

[0067] Figure 23D illustrates a representation of a cutaway side view of a support
sleeve cover removably attached to a support sleeve in accordance with an embodiment of the

present invention;
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[0068] Figure 24A illustrates a representation of a conical drill bit positioned
above a proximal portion of a femur, the conical drill bit to remove material from the femur
to facilitate positioning a support sleeve in the proximal portion of the femur in accordance
with an embodiment of the present invention;

[0069] Figure 24B illustrates a representation of a drill bit positioned above and at
an angle to a proximal portion of a femur, the drill bit to remove material from the femur to
facilitate positioning a support sleeve in the proximal portion of the femur in accordance with
an embodiment of the present invention;

[0070] Figure 24C illustrates a representation of a support sleeve positioned in a
proximal portion of a femur in accordance with an embodiment of the present invention;

[0071] Figure 25A 1llustrates a representation of a proximal portion of a femur
with cutaway side view illustrating positioning of a support sleeve and intramedullary rod in
accordance with an embodiment of the present invention;

[0072] Figure 25B illustrates a representation of a top down view of a proximal
portion of a femur with a support sleeve and intramedullary rod positioned in accordance
with an embodiment of the present invention;

[0073] Figure 26A 1llustrates a representation of a side view of an intramedullary
rod having a split and fluted distal end in accordance with an embodiment of the present
Invention;

[0074] Figure 26B illustrates a representation of a front view of an }intramedullary
rod having a split and fluted distal end in accordance with an embodiment of the present
Invention;

[0075] Figure 26C illustrates a representation of a bottom up view of a split and
fluted distal end of an intramedullary rod in accordance with an embodiment of the present
imnvention;

[0076] Figure 26D illustrates a representation of a proximal portion of a femur
with cutaway side view illustrating positioning of a support sleeve and intramedullary rod
having a split and fluted distal end in accordance with an embodiment of the present

invention;
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[0077] Figure 27A 1llustrates a representation of a side view of an intramedullary
- rod with proximal femoral support structure in accordance with an embodiment of the present
mvention;

[0078] Figure 27B illustrates a representation of a front view of an intramedullary
rod with proximal femoral support structure in accordance with an embodiment of the present
invention;

[0079] Figure 27C illustrates a representation of a top down view of an
intramedullary rod with proximal femoral support structure in accordance with an
embodiment of the present invention;

[0080] Figure 27D illustrates a representation of a bottom up view of a split and
fluted distal end of an intramedullary rod with proximal femoral support structure 1n
accordance with an embodiment of the present invention;

[0081] Figure 27E illustrates a representation of a side view of a prosthetic
femoral neck having preconfigured ridges for fixation within a neck bore of an intramedullary
rod m accordance with an embodiment of the present invention:

[0082] Figure 27F illustrates a representation of a top down view of a prosthetic
temoral neck having preconfigured ridges for fixation within a neck bore of an intramedullary
rod and a curved prosthetic femoral neck shaft in accordance with an embodiment of the
present invention;

[0083] Figure 27G illustrates a representation of a bottom up view of a prosthetic
femoral neck having preconfigured ridges for fixation within a neck bore of an intramedullary
rod and a curved prosthetic femoral neck shaft in accordance with an embodiment of the
present invention;

[0084] Figure 27H illustrates a representation of an upper portion of an
intramedullary rod showing a neck bore with gripping ridges formed therein for fixedly

engaging ridges of a prosthetic femoral neck inserted therethrough in accordance with an

embodiment of the present invention;
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[0085] Figure 271 1llustrates a representation of a top down view of an
intrameduilary rod having a neck bore and illustrating a representation of a prosthetic femoral
neck inserted through the neck bore in accordance with an embodiment of the present
mvention;

[0086] Figure 28A illustrates a representation of a side cutaway view of a neck
bore guide tool in accordance with an embodiment of the present invention:

[0087] Figure 28B illustrates a representation of a rear cutaway view of a neck
bore guide tool in accordance with an embodiment of the present invention:

[0088] Figure 28C illustrates a representation of a top down view of a neck bore
guide tool in accordance with an embodiment of the present invention:

[0089] Figure 28D illustrates a representation of a perspective cutaway view of a
fixation keyway of a neck bore guide tool for engaging a proximal end of an mtramedullary
rod n accordance with an embodiment of the present invention;

[0090] Figure 28E illustrates a representation of a perspective cutaway view of a
fixation keyway of a neck bore guide tool for engaging a proximal end of an intramedullary
rod 1n accordance with another embodiment of the present invention:

[00901] Figure 29A illustrates a representation of a fixation bolt for joining an end
of a neck bore guide tool to an end of an intramedullary rod in accordance with an
embodiment of the present invention;

10092} Figure 29B 1llustrates a representation of a cutaway side view of a neck
bore guide tool removably joined with a fixation bolt and interlocking keyway to a proximal
end of an mtramedullary rod in accordance with an embodiment of the present invention;

[0093] Figure 30 illustrates a representation of a cutaway side view of a neck bore
guide tool removably joined with a fixation bolt and interlocking keyway to a proximal end
of an intramedullary rod and with a neck bore drill bit guided through the neck bore guide
tool and through the proximal femur and through the neck bore of the intramedullary rod in

accordance with an embodiment of the present invention;
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[0094] Figure 31 illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head, an intramedullary rod positioned in a femur, and also illustrates a
prosthetic femoral neck positioned for insertion within the neck bore of the intramedullary
rod in accordance with an embodiment of the present invention;

[0095] Figure 32A illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head and neck, and an intramedullary rod installed in a femur, and also
llustrates a representation of a fixation screw to fix the position of the prosthetic femoral
neck within the neck bore of the intramedullary rod in accordance with an embodiment of the
present invention;

[0096] Figure 32B illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head and neck, and an intramedullary rod installed in a femur, and also
1llustrates a representation of a fixation screw fixing the position of the prosthetic femoral
neck within the neck bore of the intramedullary rod in accordance with an embodiment of the
present invention;

[0097] Figure 33 illustrates a representation of a three-dimensional view of a
prosthetic acetabular cup, a prosthetic femoral head and neck, and an intramedullary rod
installed in a femur with a fixation screw fixing the position of the prosthetic femoral neck in
accordance with an embodiment of the present invention;

[0098]) Figure 34 illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head and neck, and an intramedullary rod installed in a supp.lort sleeve In
the proximal femur in accordance with an embodiment of the present invention:

[0099] Figure 35A illustrates a representation of a fixation screw for fixing the
prosthetic femoral neck in relation to the support sleeve and intramedullary rod in accordance
with an embodiment of the present invention;

[0100] Figure 35B illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head and neck, and an intramedullary rod installed in a support sleeve in
the proximal femur and fixation screws to fix the prosthetic femoral neck in relation to the
support sleeve and intramedullary rod in accordance with an embodiment of the present

invention; and
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[0101] Figure 36 illustrates a representation of a prosthetic acetabular cup, a
prosthetic femoral head and neck, and an intramedullary rod installed in a support sleeve in
the proximal femur with prosthetic femoral neck fixation screws and a cover in accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0102] In accordance with one embodiment of a method in accordance with the
present invention, a patient is placed in the supine position on a standard operating table. As
1s known, specialized viewing tables and/or viewing systems may be used as desired, and the
present ivention is not limited by a particular type of table or viewing system.

[0103] Figure 1 ﬂlustrates a representation of an initial incision 102 in accordance
with one embodiment of the present invention. An anterior approach that may be used in this
embodiment is to perform, with the patient in supine position, a portion of a Smith-Peterson
approach (Hoppenfeld and deBoer, Surgical Exposures in Orthopaedics — The Anatomic
Approach, 1984) making approximately a 2-3 cm incision 102 located preferably along a line
that 1s approximately parallel to the length of the femur 104 and positioned approximately
over the femoral head 106, with the distal (toward the patient’s toot) extent of the line
extending approximately to a point lateral to the lesser trochanter 108. This approach
provides safe access to the hip joint by exploiting the internervous plane between the
sartorius and the tensor fasciae latae and avoiding the femoral and superior gluteal nerves.
This internervous plane is developed by known methods. The incision may ad\}antageously
be extended in either direction as needed. l

[0104] Also, in accordance with known technique, the deep.er internervous plane
between the rectus femoris and the gluteus medius is developed. With the internervous
planes developed, and with retraction of muscles and tissue, the hip joint capsule may be
accessed and visualized. Figure 2 illustrates a representation of a surgical access 200 to a hip
joint capsule in accordance with one embodiment of the present invention.

[0105] The hip joint capsule itself may then be incised, in one embodiment of the
present invention, from approximately the mid-point of the femoral head and extending along
the axis of the femoral neck to approximately a point on a line between the greater and lesser

trochanters.
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[0106] Secondary incisions 202 may then be made to form flaps in the hip joint
capsule walls that may be retracted to access the femoral neck, the femoral head and the
acetabulum. In accordance with known technique, an “H” type incision may be used to
create the capsular flaps 204, which may then be held open by suture or retractors 206 to
expose the femoral neck.

[0107] It will be appreciated that other surgical approaches may be used to access
the femoral neck and écetabulum regions, and the present invention is not limited by any
particular surgical approach.

[0108] With the femoral neck accessed, both it and the femoral head may then be
excised. A cutting tool, such as, for example, an oscillating saw, may be used to make cuts 1n
the femoral neck. Figure 3A illustrates a reépresentation of cut lines 302, 304 in a femoral
neck 306 in accordance with one embodiment of the present invention.

[0109] Preferably, two cut lines are defined: the first cut line 302 begns
approximately at the point where the femoral neck 306 joins the greater trochanter and
: extends across the femoral neck 306 to end approximately at a point about 1.5 cm posterior to
the lesser trochanter 310; and the second cut line 304 begins approximately at the point where
the femoral neck 306 joins the femoral head 308 and extends across the femoral neck 306 to
end at the same end point as the first cut line 302, namely, at the point approximately 1.5 cm
posterior to the lesser trochanter 310.

[0110] Figure 3B illustrates a representation of removal of a portion of a femoral
neck in accordance with one embodiment of the present invention. It will be appreciated that
two cuts in the femoral neck made along the first and second cut lines 302, 304, define and
loosen a wedge-shaped piece 312 of the femoral neck 306, which piece may then be removed.
It will be further appreciated that different cut lines may be used to loosen and remove
different portions of the femoral neck 306 without departing from the present invention.

[0111] With the wedge-shaped piece 312 of the femoral neck 306 removed, the
femoral head 308 may be accessed for removal. Figure 3C illustrates a representation of
removal of a femoral head 308 in accordance with one embodiment of the present invention.

[0112] After adjusting retractors to better access and visualize the tfemoral head

308 and acetabulum 316, and in accordance with known technique, a circular cutting tool
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may be inserted behind the femoral head 308 and may be used to sever the ligamentum teres,
substantially freemng the femoral head 308 for removal using a corkscrew or an appropriately-
sized forceps. Any difficulty in removing the femoral head 308 through the surgical access
may easily be overcome by morselizing the femoral head 308 and removing the morsels and
debris.

[0113] After confirming complete removal of the femoral head 308 and related
debris, attention is then turned to preparing the acetabulum to receive a prosthetic acetabular
cup. The present invention is not limited by the size of a prosthetic femoral head or the size
of a prosthetic acetabular cup.

[0114] The acetabulum is prepared using known techniques, including removal of
tissue from the cotyloid fossa and trimming of the labrum as needed. Osteophytes, cysts and
the like may be removed from the area. The acetabulum may be progressively reamed using
a series of standard reamers having progressively larger cutting heads designed to remove
bone and to create a hemispherical concavity in the healthy subchondral bleeding bone that
remains. Figure 4A illustrates a representation of a series of reamer tools stepped in size. It
will be appreciated that numerous reaming tools exist for reaming an acetabulum to receive a
prosthetic acetabular cup, and the present invention is not limited by any particular reaming
tool or any particular form of cutting head on a reaming tool.

[0115] Figure 4B illustrates a representation of reaming of an acetabulum 404 in
accordance with one embodiment of the present invention. A reamer 402 comprises a reamer
head 406 and a reamer shaft 408. The reamer head 406 may be removable from the reamer
shaft 408, such as, for example, by spiral threads formed in the non-engaging side of the
reamer head 406 which engage spiral threads formed into the end of the reamer shaft 408
when the reamer head 406 is rotated in the direction opposite from that in which it is
configured to remove material from an acetabulum. The reamer head 406, as will be readily
appreciated, may be configured to remove material from an acetabulum to create a roughly
hemispherical void. The reamer 402 may be oriented at approximately 30 degrees of
anteversion to achieve a desired degree of acetabular cup anteversion. The reamer 402 may
also preferably be oriented to achieve a desirable abduction angle of approximately 45

degrees. Angles of anteversion and abduction may be adjusted in view of patient-specific
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anatomy. Templates and radiographs may be used to assist in orienting and sizing, and
endoscopic or fluoroscopic imaging may assist the use of progressively larger reamers to
achieve the properly-sized receiving area in the acetabulum 404. As will be readily
appreciated, the acetabulum 404 is carefully under-reamed about 1-2 mm to achieve the best
fit during impacting of the prosthetic acetabular cup. In an embodiment including the use of
a prosthetic acetabular cup of 58 mm diameter, the acetabulum 404 may be reamed to form a
hemispherical concavity of approximately 56-57 mm.

[0116] In a preferred embodiment of the present invention an acetabular cup of
relatively large outside diameter, such as, for example, 58 mm is used along with an
appropriately matched prosthetic femoral head having a relatively large outside diameter,

such as, for example, 52 mm. It will be appreciated that smaller or larger respective

diameters, such as, for example, 30-75 mm, or even larger or smaller depending upon various
factors such as patient anatomy, may be used without departing from the present invention.
Nor 1s the present invention limited by any particular material for the prosthetic femoral head
or the acetabular cup, which may preferably be made from cobalt chromium, but could also
be made from titanium, tantalum, surgical grade stainless steel, ceramic, alumina ceramic or
other materials of suitable strength and acceptance properties.

[0117] The prosthetic acetabular cup may also be made from more than one of
these materials. Figure 5A illustrates a representation of an inner 502 and an outer 504
portion of a two-piece prosthetic cup with aligned holes 510 used to join the two pieces in
accordance with one embodiment of the present invention. For example, an outer cup 504
may be formed from titanium and may also be machined or grit-blasted to have a mesh-like,
porous or roughened outer surface 508. A cobalt chromium inner cup 502 machined to have
a smooth inner surface 506 may be fit into the titanium outer cup, such that the combination
forms a unitary prosthetic acetabular cup. The outer and inner cups may be fixedly joined (1)
by press-fitting the inner cup into the outer cup, or (2) by using one or more screws inserted
through the outer cup and into the inner cup, or (3) by machining an outward facing
circumferential flange or lip around the perimeter of the inner cup and fitting the lip around
the perimeter of the outer cup and then pressing or pinching the lip to grip the perimeter of

the outer cup, or (4) by other means such as welding or soldering or medical grade adhesives.
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[0118] Figure 5B illustrates a representation of a cutaway view of aligned holes
510 formed in walls of inner and outer cup portions of a two-piece prosthetic cup and a screw
512 to be inserted through the holes 510 to fix the cup portions relative to each other in
accordance with one embodiment of the present invention. Figure 5C illustrates a two-piece
prosthetic cup in joined by a screw 512 accordance with one embodiment ot the present
invention. It will be appreciated that such embodiments may use more than one set of such
aligned holes.

[0119] Figure 5D illustrates a cross-sectional view of an embodiment of a two-
piece prosthetic cup in accordance with one embodiment of the present invention wherein
outer 514 and inner 516 cup pieces are joined by a lip 518 formed into the rim of the inmer
cup. Figure 5E illustrates a two-piece prosthetic cup in accordance with an embodiment of
the present invention wherein the outer 514 and inner 516 cup pieces are joined by the hip 518
formed into the rim of the inner cup piece. Other embodiments of the two-piece acetabular
cup are contemplated in which different materials are used such as, for example, tantalum for
the outer cup and alumina ceramic for the inner cup. As will be appreciated, numerous
combinations of materials having sufficient strength and acceptance prOperties: are possible.

[0120] The partially spherical inner surface of the acetabular cup and the engaging
partially spherical outer surface of the prosthetic femoral head maylbe highly polished for
reduced friction. Press-fit and other prosthetic acetabular cups known in the art may be used
without departing from aspects of the present invention. Such press-fit cups include designs
offered by numerous manufacturers, including Depuy, Zimmer and Wright Medical.

[0121] In a preferred embodiment, the acetabular cup of approximately 40 to 70
mm near-hemispherical diameter may be made from cobalt chromium, and may be
hemispherically shaped and polished in the interior of the cup to minimize friction in a metal-
on-metal engagement of the outer hemispherical surface of the prosthetic femoral head,
which may be made from the same material, and also precisely shaped for fit and polished to
minimize friction. In a further preferred embodiment, the inner surface of the prosthetic
acetabular cup comprises less than a full hemisphere, and may extend through an angle
ranging from approximately 150 degrees to approximately 179.9 degrees about a radial

center. It is contemplated that, following the surgical procedure, bodily fluid may collect
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between the outer surface of the prosthetic femoral head and the inner surface of the
prosthetic acetabular cup and may further reduce friction between the surfaces and also
reduce wear upon the surfaces. The present invention is not limited by the material of the
inner surface of the prosthetic acetabular cup, which, in addition to the foregoing examples,
may also be polyethylene, PEAK or other like material provided in the form of a liner that 1s
press fit or otherwise fixed in place to form an inner surface of the prosthetic acetabular cup.

[0122] The outer surface of the acetabular cup is machined to engage the
surgically prepared bone of the acetabulum. In a preferred embodiment, the outer surface of
the prosthetic acetabular cup is machined to have a mesh-like and/or porous surface or grit-
blasted or Titanium plasma sprayed to have a roughened surface (e.g., for press-fit anchoring)
to grip the surgically prepared bone surface of the acetabulum to prevent displacement and
slippage during the cup insertion process and, as time passes after the procedure, to permit
and receive bone growth into recesses in the outer surface of the prosthetic acetabular cup to
prevent slippage and displacement as the patient makes use of the prosthetic hip joint.

[0123] In another embodiment of the invention, the prosthetic acetabular cup may
include one or more protrusions or fins formed on its outer surface to further engage the
acetabular bone and prevent slippage and/or rotation of the cup relative to the acetabulum.
Figure 6A illustrates a representation of a three-dimensional perspective and cross-sectional
view of an anchoring protrusion 602 for an outer surface of a prosthetic acetabular cup in
accordance with one embodiment of the present invention. Figure 6B 1llustrates a
representation of a three-dimensional perspective and cross-sectional view of an anchoring
protrusion 604 for an outer surface of a prosthetic acetabular cup in accordance with another
embodiment of the present invention. In this embodiment, each rounded conical protrusion
604 may include a circumferential indentation 606 to form a lateral lip approximately mid-
way up the side of the conical structure. The indentation and lip advantageously engage new
bone growth to resist displacement and assist fixation of the prosthetic acetabular cup over
time. The protrusions may take the form of one or more spikes, small posts and/or ridges

with or without barb-like or lip structures suitably shaped for penetrating and/or engaging the
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acetabular bone. Figure 6C illustrates a representation of an outer surface of a prosthetic

embodiment of the present invention.

[0124] The prosthetic acetabular cup may also include a threaded impaction bore
608 located at or near 1ts near-hemispherical center. During impacting of the acetabular cup,
the threaded 1mpaction bore 608 engages a threaded head of an impactor tool to hold the

acetabular cup 1n place during impacting to help ensure secure seating. This example of a

prosthetic acetabular cup includes three approximately rounded conical protrusions 602
located on the outer surface of the acetabular cup approximately equidistant from each other
and each approximately equidistant from the rim of the cup and the impaction bore 608. It
will be appreciated that alternative placements of the protrusions or fins 602 may be used.
Each protrusion may have a slightly rounded and/or dulled tip.

[0125] Figure 7 illustrates a representation of a prosthetic acetabular cup 702 in
preparation for impacting in a reamed acetabulum 704 in accordance with an embodiment of
the present immvention. An outer surface of the prosthetic acetabular cup 702 may have a
porous surface to engage bone growth from the reamed surface of the acetabulum 704.
Additional fixation may be derived from protrusions along the outer surface of the prosthetic
acetabular cup 702 and/or from fixation screws inserted through fixation bores.

[0126] In a preferred embodiment, the prosthetic acetabular cup includes one or
more placement fixation bores, which may have beveled edges. Figure 8A illustrates a
representation of a cross-sectional view of a wall 802 of a prosthetic acetabular cup in
relationship to an acetabulum 804, with a fixation screw 806 positioned to be fitted into a
placement fixation bore 808 in the wall 802 to fix the prosthetic acetabular cup to the
acetabulum 804 in accordance with an embodiment of the present invention. Figure 8B
illustrates a representation of an inner surface 810 of a prosthetic acetabular cup 812 with a
fixation screw 806 positioned to be fitted into a placement fixation bore 808 extending
through the wall of the prosthetic acetabular cup 812 to receive the fixation screw 806 and

thereby fix the prosthetic acetabular cup 812 to an acetabulum. In a preferred embodiment,
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the prosthetic acetabular cup 812 includes a placement fixation bore 808 at a point
approximately midway between the rim of the prosthetic acetabular cup 812 and the
hemispherical center.

[0127] Figure 8C illustrates a representation of a cross-sectional view of the wall
802 of a prosthetic acetabular cup 812 in relationship to the acetabulum 804 with the fixation
screw 806 fitted through the placement fixation bore in the wall and fixing the prosthetic
acetabular cup to the acetabulum 804. In one embodiment, the diameter of the placement
fixation bore 808 is slightly larger at the inner surface and slightly smaller further along the
bore toward the outer surface of the prosthetic acetabular cup so that the bore is shghtly
tapered for at least a portion of its length, and a head of the fixation screw 806 may be
likewise tapered so that, when threaded into bone through the placement fixation bore 808
and tightened, the head of the fixation screw 806 is fully recessed into the tapered region of
the placement fixation bore 808 and thus advantageously creates no friction or wear by any
engagement of the outer surface of the prosthetic femoral head.

[0128] Accordingly, to further assure seating fixation of the prosthetic acetabular
cup 812 in the acetabulum, a fixation screw 806 or similarly suitable anchoring device 1s fit
through the placement fixation bore 808 to affix the prosthetic acetabular cup 812 into the
reamed acetabulum 804. Such use of the placement fixation bore 808 advantageously
supports the impacting step by further avoiding slippage of the prosthetic acetabular cup 812
and reducing any consequent need for repeated trials of acetabular cup placement or further
surgical procedures to properly fit, secure and seat the prosthetic acetabular cup 812.

[0129] In a further preferred embodiment of the present invention, the fixation
screw 806 includes a central bore creating an open path approximately along its longitudinal
center from head to tip. Figure 8D illustrates a representation of a fixation screw 806 having
a central bore 814 in accordance with an embodiment of the present invention. It 1s
contemplated that the central bore 814 in the fixation screw 806 advantageously permits fluid
to enter from the bone and through the central bore 814 into the space between the outer
surface of the prosthetic femoral head and the inner surface of the prosthetic acetabular cup
812 and thereby further minimizes friction and wear resulting from the movement of those

two surfaces relative to each other.
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[0130] With the acetabulum prepared, the prosthetic acetabular cup may be seated
into place, for example, by impaction. Figure 9A illustrates a representation of a cutaway
view of an impactor tool 902 joined to a prosthetic acetabular cup 812 in position for
impacting in accordance with an embodiment of the present invention.

[0131] A threaded portion 906 of a shaft 908 of the impactor tool 902 may be
threaded into the impaction bore of the prosthetic acetabular cup 812 to hold the cup in
relation to the impactor tool 902 while it is impacted into the prepared acetabulum 910. As
shown, a conical sleeve 912 having a convex engaging surface 914 formed to engage the
inner surface 916 of the prosthetic acetabular cup 812 may be fitted around the threaded end
: of the shait 908 of the impactor tool 902 to advantageousﬁly spread the force of the impaction
across additional area of the inner surface of the prosthetic acetabular cup 812.
Advantageously, the conical sleeve 912 may be made from any surgically acceptable material
that will not scratch, score or damage the mner surface of the prosthetic acetabular cup 812
during impaction. A few taps on the end of the impactor tool 902 opposite the threaded
portion 906 may impact the prosthetic acetabular cup 812 firmly into the acetabulum 910.
Figure 9B illustrates a representation of a cutaway view of the impactor tool 902 in relation to
a prosthetic acetabular cup 904 impacted into an acetabulum 910 in accordance with an
embodiment of the present invention.

[0132] As 1s generally known, the impactor tool may include apparatus indicative
of an abduction angle. Figure 10 1llustrates a representation of an impactor tool having
apparatus 1002 indicative of an abduction angle in accordance with an embodiment of the
present invention. A guide bar assembly 1004 rotatably fixed to a cylindrical sleeve 1006 fit
over the shaft of the impactor tool advantageously assists in measuring and/or confirming the
angle of abduction, which may desirably be approximately 45 degrees.

[0133] Once the prosthetic acetabular cup i1s impacted mnto and properly seated in
the acetabulum, and pfeferably after proper orientation of the prosthetic acetabular cup has
been confirmed, the impactor tool 902 may be removed by unscrewing it from the threaded

impaction bore in the prosthetic acetabular cup 812.
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[0134] With the prosthetic acetabular cup 812 impacted into place, the fixation
screw 806 may be threaded through the fixation bore 808 and into the bone of the
acetabulum. Preferably the fixation bore 808 is oriented approximately toward the ihac crest
where acetabular bone is sufficiently thick to receive the fixation screw 806, which may be
approximately 7-14 mm long. It will be appreciated that the prosthetic acetabular cup 812
may have additional fixation bores oriented toward thick bony areas of the acetabulum, and
that additional fixation screws tightened through these bores may provide for additional
fixation of the proasthetic acetabular cup 812.

[0135] Attention is then turned to fitting the prosthetic femoral head into the
prosthetic acetabular cup 812. Figure 11 illustrates a representation of a prosthetic femoral
head 1102 in position for placement in relation to a seated prosthetic acetabular cup 812 tfixed
by a fixation screw 806 or by protrusions 602 in accordance with an embodiment of the
present invention. In a preferred embodiment, the prosthetic femoral head 1102 at a cup-
engaging end 1110 comprises a partial sphere having a curvature machined to precisely fit the
inner surface of the prosthetic acetabular cup 812. The partial sphere of the prosthetic
femoral head 1102 may extend, in various embodiments from approximately 160 degrees to
approximately 340 degrees, and thus may comprise any range from somewhat less than a
hemisphere to nearly a full sphere.

[0136] In accordance with the present invention, the prosthetic femoral head at a
neck engaging end 1112 includes structural means to receive and engage a prosthetic femoral
neck. In a preferred embodiment, neck engagement may be achieved by a very slightly and
narrowingly tapered cylindrical neck bore 1114 machined approximately 2 cm into the
prosthetic femoral head from the neck engaging end 1112 inward toward the center of the
prosthetic femoral head, such that a head-engaging end of a prosthetic femoral neck
comprising roughly 2 cm of cylindrical shaft having a Morse taper matched to that of the
neck bore 1114 may be driven by impact into the neck bore 1114, resulting mn a iit
sufficiently permanent to operatively support load-bearing movement about the prosthetic hip
without slippage. It will be appreciated that such Morse taper modular joining techniques
have been known for many years to successfully achieve such fit. It will also be appreciated

that a neck bore 1114 may extend more than or less than 2 cm into the prosthetic femoral
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head, and that in such cases, the head-engaging end of the prosthetic femoral neck will be of
a roughly corresponding length of more than or less than 2 cm. Also, the diameter of the
neck bore 1114 will be approximately 11-13 mm (and will very gradually decrease as the
bore extends into the prosthetic femoral head to accommodate the taper), although it will be
appreciated that smaller or larger diameters may be used, and it will also be appreciated that
the shaft diameter of the head-engaging end of the prosthetic femoral neck will be of a
diameter matching that of the neck bore 1114.

[0137] In one embodiment, the partial sphere of the prosthetic femoral head is
placed against the exposed rim of the hemispherical inner surface of the prosthetic acetabular
cup 812. As will be appreciated, one or more light taps using a firm rubber-headed impacting
' tool may then seat the prosthetic femoral head properly into the prosthetic acetabular cup
s12. Figure 12 illustrates a representation of a prosthetic femoral head 1102 positioned in a
prosthetic acetabular cup 812 in accordance with an embodiment of the presént Imvention.

[0138] In still another embodiment of the present invention, the acetabular cup, as
described above but optionally without the placement fixation hole and optionally with
anchoring protrusions or fins, is pre-operatively fitted (for example, previously machined to
optimal tolerance gap, e.g. 100 micron) with the prosthetic femoral head. Advantageously,
the pre-operatively assembled prosthetic acetabular cup and prosthetic femoral head—which
may advantageously be sterilely packaged together—may be impacted into the prepared
acetabulum as a single unit. As will be appreciated, an impacting insertion device may fit
nto the Morse taper of the prosthetic femoral head and also connect to or engage the rim of
the prosthetic acetabular cup for rotation control.

[0139] In another embodiment (not shown), a different attachment technique may
be used to join the prosthetic femoral head to a prosthetic femoral neck. For example, the
prosthetic femoral head, rather than include a neck bore, may include a neck shaft. The neck
shaft may extend approximately 2 cm outward from the neck-engaging end of the prosthetic
femoral head. The neck shaft may be approximately 11-13 mm in diameter (though smaller
or larger diameters could be used), with the diameter slightly decreasing along the neck shaft
in the direction away from the center of the prosthetic femoral head, to form a Morse taper. It

will be appreciated that a prosthetic femoral neck in approximately the form of a cylindrical
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shaft, may be machined to include a bore in one end having a recerving Morse taper of ].;)roper
dimension to engage the neck shaft. It will be appreciated that still further methods and
structures exist that could be adapted to the prosthetic femoral head and prosthetic femoral
neck to facilitate the joining of these two prostheses.

[0140] Attention is then turned to preparation of the proximal femur for
introduction of an intramedullary rod. In accordance with the present invention, the
intramedullary rod, as described in various forms herein, may have characteristics of a
femoral stem. The intramedullary rod may advantageously be inserted into the patient’s
femur 104 using surgical technique which requires only minimal exposure of the femur.

[0141] An incision of approximately 3 - 4 cm 1s made at approximately a mid-
portion of Smith-Peterson anterior approach. Figure 13 illustrates a representation of an
incision 1302 in accordance with an embodiment of the present invention. Access to the
proximal femur may be attained by a lateral longitudinal incision proximal to the greater
trochanter, dissecting down to the gluteus maximus fascia longitudinally in the direction of
the wound, separating the underlying muscle fibers and palpating the medial tip of the greater
trochanter; the entry point may be penetrated by a cannulated awl and a guide \;vire may be
inserted into the intramedullary canal. The guide wire may be centered in the canal in the
lateral view on C-arm 1mage.

‘ [0142] Reaming and/or broaching may be done over the guide wire. In this
manner, safe access may be gained to the upper surface of the temur 1304 around and about
the greater trochanter.

[0143] In another embodiment, surgical access to ‘the acetabulum and to the
proximal femur may be obtained by a somewhat longer portion of a Smith-Peterson anterior
approach.

[0144] With access to the upper portion of the proximal femur 1304 attained, and
using known surgical technique, tissues along the upper surface of the femur 1304 are
reflected by a tissue protector. Figure 14 illustrates a representation of a femoral reaming
tool 1402 with a tissue protecting guide 1404 in accordance with an embodiment of the

present invention.
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[0145] The reamer 1402 comprises a drilling bit 1406 rotated by a drill motor (not
shown) while being directed into the intramedullary canal 1408 of the femur 104 by a guide
wire to a depth sufficient to accommodate most if not all of the length of the distal end of the
intramedullary rod. Reamers of increasing diameter may be used to progressively achieve a
bore in the proximal femur of sufficient diameter to accommodate that of the proximal region
of the mtramedullary rod. Tissues along the surgical access may be protected from the
rotating reamer bit and the bit itself may be guided by the use of a tubular tissue protector
1404 to which i1s affixed a handle 1410 for ease of use. As is known, over-reaming by
approximately one millimeter may facilitate advantageous blood flow after the intramedullary
rod has been inserted. Advantageously, the use of a guide wire or guide pin may assist in
accurate reaming and/or broaching and/or introduction of an intramedullary rod.

[0146] The mtramedullary rod may be made from any biocompatible material of
sufficient strength, however titanium alloy is preferred. Figure 15A illustrates a
representation of a three-dimensional side view of an intramedullary rod 1502 with a femoral
neck bore 1504 in accordance with an embodiment of the present invention, and Figure 15B
1llustrates a representation of a three-dimensional front view of the intramedullary rod 1502
1n accordance with the embodiment of the present invention. The present invention is not
limited to a particular length of the intramedullary rod 1502, which may be from 15 — 40 cm
- long, or possibly shorter or longer depending for example upon patient anatomy.

[0147] The mtramedullary rod 1502 includes a proximal region 1506 that may be
approximately 6-8 cm long and may have a diameter of around 15 — 18 mm, and the rod also
includes a stem 1508 distal to the proximal region having a diameter of around 10 mm, and
the stem 1508 may taper distally with a gradually narrowing diameter terminating in a
rounded point 1510. It will be appreciated that the intramedullary rod 1502 may curve
slightly along its length to advantageously align with the longitudinal center of the femur 104.

[0148] In another embodiment, the proximal region may be somewhat shorter, for
example, from 4-6 cm. This embodiment may be preferred in procedures involving
additional removal of bone from the proximal region of the femur and/or in combination with

a support sleeve as 1s described in more detail below.
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[(0149] The intramedullary rod includes a lateral neck bore 1504 through the
proximal region 1500 at an angle that advantageously permits a shaft-like prosthetic femoral
neck to be inserted at an insertion side of the neck bore 1504 and therethrough to engage the
prosthetic femoral head 1102, which may preferably and advantageously already be in place
in the prosthetic acetabular cup 812. The diameter of the neck bore 1504 may preterably be
approximately 10-12 mm, but it will be appreciated that the diameter could be somewhat
smaller or larger. The angle of the neck bore may be around 130 degrees, or may be more or
less depending upon patient anatomy and condition of the proximate bones and tissues.

[0150] The intramedullary rod also includes a fixation bore 1512 that runs
longitudinally from the center of the proximal region 1506 through the longitudinal center of
the mtramedullary rod 1502 until 1t meets the neck bore 1504 approximately 4 cm from the
proximal end. The fixation bore 1512 may preferably have a diameter of approximately 8
mm, But may be more or Iess. The fixation bore 1512 is preferably spiral threaded to receive
Jocking or fixation screws as described herein.

[0151] The proximal end of the mtramedullary rod 1502 includes a keyway
providing for fixation of other structures relative to the intramedullary rod. Figure 15C
illustrates a representation of a fixation keyway 1514 formed in the proximal end of an
intramedullary rod 1502 in accordance with an embodiment of the present invention, and
Figure 15D illustrates a representation of another fixation keyway 1516 formed in the
proximal end of an intramedullary rod 1502 in accordance with another embodiment of the
present invention.

[0152] In one embodiment, a preferred circular keyway 1514 comprises a key
bore 1518 of approximately 12 mm in diameter and of about 2 mm depth centered on the
longitudinal axis of the intramedullary rod and machined into the proximal end of the
intramedullary rod 1502. The key bore 1518 defines a circular step within the proximal end
of the intramedullary rod 1502. The keyway preferably further includes a notch 1520 in the
rim of the proximal end of the intramedullary rod 1502 defined by the key bore 1518. The
notch 1520 is preferably about 2 mm wide and 2 mm deep. The notch 1520 1s aligned
circumferentially about the longitudinal axis of the intramedullary rod to coincide with the

center of the circular hole at the insertion side of the neck bore 1504. It will be appreciated
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that another structure having a recessed circular rim may engage the keyway, and that a 2 mm
protrusion projecting outward from the recessed circular rim of the other structure may fit in
the notch 1520 of the keyway to prevent the other structure from rotating with respect to the
intramedullary rod 1502 along the longitudinal axis.

[0153] An alternative embodiment of a keyway 1516 (see Figure 15D) includes
four roughly rectangular recesses 1522 formed in the rim of the proximal end of the
itramedullary rod 1502. The rectangular recesses may be approximately 2 mm deep and 2
mm wide. It will be appreciated that another structure having projections matched to the
recesses 1522 may engage the keyway 1516 and may prevent the intramedullary rod 1502
from rotating about its longitudinal axis relative to the other structure.

[0154] It will be appreciated that any and all of the dimensions of the
intramedullary rod 1502, including the lengths and diameters and tapers of the proximal
region, the stem and the bores, may be smaller or larger as indicated by patient anatomy,
condition of any of the bones and tissues or other circumstances.

[0155] Figure 16A illustrates a representation of a three-dimensional side view of
an 1ntramedullary rod 1602 with a distal fixation bore 1604 in accordance with an
embodiment of the present invention, and Figure 16B illustrates a representation of a three-
dimensional front view of such an intramedullary rod 1602. It will be appreciated that a pin
or screw may be inserted through a side of the distal femur to engage the distal fixation bore
1604. Accordingly, this intramedullary rod 1602 may be advantageous in providing
additional fixation, particularly in an anti-rotational manner, in relation to the femur 104.
Moreover, this intramedullary rod 1602 provides the additional advantage of readily treating
peri-prosthetic fractures following a total hip procedure, wherein the intramedullary rod used
1n the 1nitial procedure may be replaced by the intrameduliary rod 1602 having a longer distal
stem, which, in combination with a pin or screw in the fixation bore 1604 to secure the distal
femur, provides adequate support structure to treat such fracture. This versatility in
facilitating and simplifying treatment of peri-prosthetic fractures is another advantage of the
present invention.

[0156] Turning to the insertion of the intramedullary rod 1502 in the femur 104, a
driving tool may advantageously be securely attached to the keyway 1514 located at the
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proximal end of the intramedullary rod. Figure 17A illustrates a representation of a side view
of a driving tool 1702 engaging an intramedullary rod 1502 to be driven into a femoral canal
in accordance with an embodiment of the present invention. Figure 17B illustrates a
representation of a rear side view of the driving tool 1702 in accordance with the
embodiment, and Figure 17C illustrates a representation of a top down view of the driving
tool 1702.

[0157] A driving surface 1704 of the driving tool 1702 transfers force from light
hammer blows along an elongated head shaft 1706 through the keyway 1514 to the
intramedullary rod 1502 so that the rod is driven by the blows into the marrow canal. The
driving tool 1702 may preferably made from stainless steel, or another material sufficiently
hard and heavy that it withstands hammer blows and effectively transfers force, and may also
be repeatedly sterilized. The driving tool 1702 may be held by a handle 1708 during insertion
of the intramedullary rod 1502. Imaging may be uséd to facilitate and confirm proper
orientation and location of the intramedullary rod 1502 within the marrow canal.

[0158] In one embodiment, a keyway formed in a rod-engaging end of the driving
tool 1702 holds the driving tool 1702 securely in relation to the intramedullary rod 1502
while it 1s being driven into the femur 104.

[0159] Figure 17D illustrates a representation of a keyway 1710 formed in an
engaging end 1712 of the driving tool 1702 in accordance with an embodiment of the present
invention. As shown, the circular keyway 1710 formed on the engaging end 1712 of the
driving tool 1702 engages the circular keyway 1514 on the proximal end of the
intramedullary rod 1502. The circular keyway 1710 permits the driving tool to rotate with
respect to the longitudinal axis of the intramedullary rod 1502 while remaining laterally
centered over the top of the intramedullary rod 1502 for effective driving of the
intramedullary rod 1502. It will be appreciated that, in this embodiment, the circular keyway
1710 on the engaging end 1712 of the driving tool 1712 includes no protrusion along the
circular rim and thus nothing engages the notch 1520 1n the circular keyway on the proximal

end of the intramedullary rod 1502.
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[0160) Figure 17E illustrates a representation of another embodiment of a keyway
1714 in an engagiﬁg end of the driving tool 1702 in accordance with an embodiment of the
present invention.  The keyway 1714 includes four protrusions 1716 extending
circumferentially around the perimeter of the engaging end 1712 of the driving tool. As such,
it will be appreciated that the protrusions 1716 may fit into and engage recessions around the
perimeter of a receiving keyway 1516, as described above, to hold the driving tool 1702
steady in relation to the intramedullary rod 1502 while the driving tool 1702 is being used to
drive the intramedullary rod 1502 into the temur 104.

[0161] In another embodiment, a support sleeve may be fixed within the proximal
region of the femur to use the bone mass in that region to further support the intramedullary
rod 1502. Figure 18A illustrates a representation of a top down view of a support sleeve
1802 for an intramedullary rod 1502 in accordance with an embodiment of the present
invention. Figure 18B illustrates a representation of a rear view of the support sleeve 1802,
and Figure 18C illustrates a representation of a side view of the support sleeve 1802. Figure
18D illustrates a representation of a perspective view of the support sleeve 1802.

[0162] The support sleeve 1802 may advantageously be generally shaped to fit
within the proximal region of the femur. The support sleeve 1802 may be made from
titanium in one embodiment with a grit-blasted roughened outer surface. It will be
appreciated that the support sleeve 1802 may be made from other materials, such as cobalt
chromium, ceramic, stainless steel or other materials of sufficient strength and acceptance
qualities. It will also be appreciated that the bone engaging surfaces of the support sleeve
1802 may have one or more of a variety of textures as described above to facilitate gripping
of and fixation within bone.

[0163] With reference to Figure 18C, the support sleeve 1802 includes a narrow-
angled conical portion 1804 with a central rod bore 1806 which, when the support sleeve
1802 is in place within the femur 104, is approximately aligned with the longitudinal center
of the femur 104. The diameter of the conical portion 1804 may be around 2-3 cm at the
distal end and around 2.5-4 cm at the proximal end, however the diameters may be somewhat
larger or smaller depending on patient anatomy and/or tightness of fit desired. The central

rod bore 1806 may have a diameter only very slightly larger than that of the proximal region
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of the intramedullary rod 1502. The central rod bore 1806 may also be slightly tapered —
larger at the proximal end and smaller at the distal end — to ensure a tight fit around the
proximal region of the intramedullary rod 1502.

[0164] The support sleeve 1802 also includes a roughly triangular shaped portion
1808 projecting from the comical portion 1806 starting approximately midway along the
longitudinal length of the support sleeve 1802. Wheﬁ the support sleeve 1802 18 in place mn
the femur 104, the triangular portion 1808 may extend outward laterally from the cylindrical
portion in a direction toward the acetabulum and may rise over the lower trochanter to occupy
the space within the proximal femur above the lower trochanter. When the support sleeve
1802 1s fit into place, an upper and laterally extending flat surface 1810 of the support sleeve
1802 may extend from a point below the greater trochanter and in the direction of and a small
distance past the lower trochanter. The flat surface 1810 may occupy a plane that 1s roughly
perpendicular to the length of the femur 104 and situated around 1-1.5 cm above the lower
trochanter. In one embodiﬁaent, the upper flat surface 1810 extends laterally approximately
3-5 millimeters beyond the lower trochanter toward the acetabulum.

[0165] Advantageously, with respect to Figﬁre 18D, the support sleeve 1802
includes a neck slot 1812 to accommodate a prosthetic femoral neck. The neck slot 1812
may be cut in a wall of the conical portion 1804 of the support sleeve 1802 that 1s opposite
the triangular portion 1808 and may extend longitudinally from the proximal extent of the
wall to a point approximately halfway toward the distal extent of the wall. The neck slot
1812 may be sufficiently wide to accommodate the diameter of the prostheti;: femoral neck,
allowing it to pass through the neck slot 1812. The neck slot 1812 may extend laterally from
the wall into the support sleeve 1802 to a point above the lower trochanter. From a point at
the distal extent of the neck slot 1812 along the wall, a floor 1814 of the neck slot 1812 may
rise into the support sleeve 1802 toward the proximal end of the support sleeve 1802 at an
angle of preferably 30-40 degrees, but the angle could be more or less. The neck slot 1812
may also divide the upper flat surface 1810 of the support sleeve 1802 from the end nearest
the greater trochanter to a point approximately 1 or 2 mm from the end of the flat surface

1810 nearest the lower trochanter. The neck slot 1812 in the support sleeve 1802
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advantageously permits the prosthetic femoral neck to occupy a substantially straight path
through the support sleeve 1802 at an appropriate angle to engage the prosthetic femoral
head.

[0166] Other embodiments of the support sleeve may also provide advantages.
For example, it will be appreciated that embodiments of support sleeves with neck passages
that differ from the neck slot 1812 may advantageously be used. Figure 19A illustrates a
representation of a perspective view of a support sleeve 1902 for an intramedullary rod 1502
In accordance with another embodiment of the present invention, wherein the support sleeve
1902 includes a widened area 1904 in the neck slot permitting greater lateral freedom of
movement for a prosthetic femoral neck. Figure 19B illustrates a representation of a
perspective view of another embodiment of a support sleeve 1906 wherein the support sleeve
1906 includes a widened area as in the embodiment shown in Figure 19A, but also a portion
1908 of the neck slot above the widened area is closed off. Figure 19C illustrates a
representation of a perspective view of another embodiment of a support sleeve 1910 wherein
the support sleeve 1910 includes a widened area as in the embodiment shown in Figure 19A,
and includes the closed-off portion of the neck slot as in the embodiment shown in Figure
19B, and also omits lateral walls of the neck slot in the triangular portion of the support
sleeve while including a flat surface 1912 to support the prosthetic femoral neck.

10167] Additional provisions may be made in the support sleeve to provide for
fixation of a prosthetic femoral neck. Figure 20A illustrates a representation of a top down
\}iew of a support sleeve having ridges to engage a prosthetic femoral neck in accordance
with an embodiment of the present invention. Figure 20B illustrates a representation of a
cutaway side view of the support sleeve having engaging ridges, and Figure 20C illustrates a
representation of a close-up view of the engaging ridges provided in the cutaway side view of
Figure 20B. As shown in Figures 20A, 20B and 20C, gripping ridges 2002 may be formed
along the surface of at least a portion of the slot floor 2004, preferably the portion of the slot
floor 2004 extending from the wall of the sleeve opposite the triangular portion of the sleeve
to the central bore. Each ridge may be perpendicular to the length of the floor of the slot and
may be around 10-12 mm long and extend outward from the floor of the slot approximately

> mm, and the ridges may be spaced approximately .5-1 mm apart. It will be appreciated
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that ridgeé of other dimensions, smaller or larger, may be formed. Advantageously, in one
embodiment, the ridges grip opposing ridges that may be formed into the shaft of the
prosthetic femoral neck to assist in preventing the prosthetic femoral neck from slipping or
moving relative to the support sleeve.

[0168] In another embodiment the gripping ridges may advantageously engage
threads of a fixation screw fit between the shaft of the prosthetic femoral neck and the floor
of the neck slot, in which position the fixation screw exerts a pressure force on both the
prosthetic femoral neck and the floor of the support sleeve that may assist in preventing the
prosthetic femoral neck from slipping or moving relative to the support sleeve. In another
embodiment neck fixation ridges may be formed along opposing inner walls of the neck slot
1812. Figure 21A 1illustrates a representation of a perspective view of a support sleeve
having neck fixation ridges 2102 along the walls 2104 of a neck slot to engage a prosthetic
temoral neck in accordance with another embodiment of the present invention. Figure 21B
illustrates a representation of a cutaway side view of the support sleeve having such ridges
2102 to engage a prosthetic femoral neck. The neck fixation ridges 2102 may be
approximately perpendicular to the plane formed by the floor 2106 of the slot 1812, and each
neck fixation ridge may be approximately 10-12 mm long and extend outward from the slot
wall about .5 mm. The neck fixation ridges may be spaced about .5-1 mm apart and may be
located along the surface of the inner walls 2104 of the neck slot 1812 between the central
bore 1806 and the end of the slot approximately above the lower trochanter. Each neck
fixation ridge may have angled flat surfaces that facilitate movement in one direction and
restrict movement in the opposite direction. Accordingly, each ridge may include a
restricting surface occupying a plane substantially perpendicular to a straight line running
along the length of the slot floor 2004, and each ridge may also include a lower friction
surface occupying a plane angled at approximately 30 degrees from the plane occupied by the
iner wall of the slot, with the distance between the planes widening in the direction of the
acetabulum. It will be appreciated that the neck fixation ridges 2102 may use such surfaces
to permit a prosthetic femoral neck with similar, but opposing ridges formed along its shaft to
travel through the neck slot 1812 in the direction of the acetabulum, and to restrict travel in

the opposite direction.
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[0169] In still another embodiment, one or more additional slots may be formed
into the support sleeve to permit spreading of the walls 2104 of the neck slot 1812 while a
ridged prosthetic femoral neck passes between them. Preferably, a first lateral slot 2108 in
the support sleeve may be made from a point approximately lateral to the lower trochanter
and extending laterally through the triangular portion of the neck sleeve to the central bore
1806. Also preferably, a second slot 2110 may be formed along a line bisecting the floor
2106 of the neck slot from the central rod bore outward and may extend distally through
triangular portion of the neck sleeve until it meets the first lateral slot 2108. It will be
appreciated that these two additional slots remove substantial matter from the support sleeve
that acts to prevent the walls 2104 of the neck slot from moving relative to each other. It will
also be appreciated that the force required to separate the walls 2104 of the neck slot away
from each other may be regulated by their thickness, the hardness and rigidity of the material
from which they are made and also by removal of matter that joins them, and that these
tactors may be adjusted in many ways to permit the walls 2104 of the neck slot to move an
appropriate degree to allow a prosthetic femoral neck with fixation ridges to pass through the
neck slot when the prosthetic femoral neck is urged with moderate force in a direction toward
the acetabulum, and:to substantially restrict movement of the prosthetic femoral neck in the
direction away from the acetabulum.

[0170] In one embodiment the surfaces of the support sleeve that rest upon the

inner bone of the proximal region of the femur may be stepped. Figure 22A illustrates a
representation of a cutaway side view of a support sleeve having stepped, bone-engaging
outer surfaces in accordance with another embodiment of the present invention. Figure 22B
illustrates a representation of a close-up view of a stepped, bone-engaging outer surface of a
support sleeve shown in Figure 22A, and Figure 22C illustrates a representation of a close-up
view of another stepped, bone-engaging outer surface of the support sleeve shown in Figure
22A. As shown, the slope of the outer walls 2202, 2204 of the support sleeve, may be
accommodated by a series of vertical and horizontal steps 2206, with each vertical
(longitudinal) step extending approximately 2-4 mm, and each horizontal (lateral) step

extending approximately .5-1 mm. These steps 2206 formed in the supporting surfaces may
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advantageously reduce shear force and convert it to downward and better-supporting
compressive force. Grooved, pronged, porous and/or other surface treatments may be used
independently of or to support stepped surfaces to reduce sliding and shear forces.

[0171] In another embodiment, a support sleeve cover fits to the lateral flat
surface at the proximal end of the support sleeve. Figure 23A illustrates a representation of a
perspective view of a support sleeve 1802 and support sleeve cover 2302 configured to be
removably joined to the support sleeve 1802 in accordance with an embodiment of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>