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SACRAL FIXATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This claims the benefit of U.S. Patent Application Serial No. 61/991,829 filed
May 12, 2014, and further claims the benefit of U.S. Patent Application Serial No. 61/992,105
filed May 12, 2014, the disclosure of each of which 1s hereby incorporated by reference as 1f set

forth 1n 1ts entirety herein.

BACKGROUND

[0002] Implants for securing portions of a bone with respect to each other 1n order to
promote bone healing are known. For instance, referring to Fig. 1, when a sacrum 1s fractured,
conventional implant systems 20 such trans-iliac bars 22 are configured to support first and
second 1llum bones 24 and 26 with respect to each other, thereby stabilizing the sacral fracture.
The trans-1l1ac bars 22 have a sufficient thickness to absorb the stresses experienced during use.
While conventional trans-i1liac bars 22 are suitable for their intended purpose, they have
disadvantages because the surgeon cuts the ends after setting the bar into position. Due to the
thickness of the trans-1liac bars 22, the surgical procedure typically involves a relatively large
surgical field. Thus, the surgical procedure can be invasive, using a large incision in order to

access and cut the trans-1liac bars with a suitably robust cutting instrument.

SUMMARY

[0003] In a first aspect of the present disclosure, a sacral fixation implant includes a
first implant segment having a first shaft sized to be inserted through a first bone location, which
can be defined by a first ilium bone. The first implant segment defines a first proximal end and a
first distal end opposite the first proximal end. The first implant segment can define a first
abutment surface that extends out from the first shaft and 1s configured to abut the first bone
location so as to prevent further msertion through the first bone location. The first implant
segment can further define a first channel that extends through the first shaft from the first
proximal end to the first distal end. The sacral fixation system can further include a second
implant segment having a second shaft sized to be inserted through a second bone location,
which can be defined by a second 1liac bone. The second implant segment defines a second

proximal end and a second distal end opposite the second proximal end. The second implant

1
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segment can define a second abutment surface that extends out from the second shaft and 1s
configured to abut the second bone location so as to prevent further insertion through the second
bone location. At least the second distal end can be sized to be received 1n the first channel at a
location between the first and second bone locations. The sacral fixation system can further
include at least one locking member that 1s configured to fix the first and second implant
segments with respect to movement of the first and second implant segments away from each
other, wherein the at least one locking member 1s separate from each of the first and second
implant segments, and does not extend through the first and second shafts from the first proximal

end to the second proximal end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The foregoing summary, as well as the following detailed description of
embodiments of the application, will be better understood when read 1n conjunction with the
appended drawings. For the purposes of illustrating the methods, implants and systems of the
present application, there 1s shown 1n the drawings preferred embodiments. It should be
understood, however, that the application 1s not limited to the precise methods, implants, and
systems shown. In the drawings:

[0005] Fig. 1 1s a posterior view of a human sacral region and a conventional sacral
implant system fixed to the sacral region;

[0006] Fig. 2 1s an anterior view of a human sacrum, showing a sacral implant system
constructed 1in accordance with one embodiment of the present disclosure secured to first and
second 1ltum bones;

[0007] Fig. 3A 1s a perspective view of a portion of a sacral fixation implant configured
to be included 1n the sacral implant system 1llustrated 1in Fig. 2, the implant including first and
second implant segments, and first and second locking members configured to secure the first
and second implant segments to a guide wire;

[0008] Fig. 3B 1s a perspective view of distal ends of first and second implant segments
of the implant 1llustrated 1in Fig. 3A;

[0009] Fig. 3C 1s a perspective view of a portion of the first implant segment illustrated
in Fig. 3A, showing attachment of the first locking member;

[0010] Fig. 4A 1s a perspective view of a portion of a sacral fixation implant similar to
the sacral fixation implant as 1llustrated in Fig. 3A, but including a locking member constructed

1n accordance with an alternative embodiment;
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[0011] Fig. 4B 1s a perspective view of a portion of the first implant segment 1llustrated
in Fig. 4A, but showing attachment of the locking member constructed 1n accordance with the
alternative embodiment;

[0012] Fig. 5A 1s a perspective view of a portion of another sacral fixation implant
configured to be included 1n the sacral fixation implant illustrated in Fig. 2, the sacral fixation
implant including first and second implant segments and a fixation member configured to secure
the first and second implant segments to each other;

[0013] Fig. 5B 1s an exploded perspective view of the sacral fixation implant illustrated
in Fig. 5A;

[0014] Fig. 5C 1s a perspective view of the fixation member 1llustrated 1in Fig. 5A;

[0015] Fig. 5D 1s a perspective view of a region of the sacral fixation implant 1llustrated
in Fig. SA, whereby the first implant segment receives the second implant segment;

[0016] Fig. 6A 1s a perspective view of a sacral fixation implant configured to be
included 1n the sacral fixation system 1llustrated in Fig. 2, the sacral fixation implant constructed
1n accordance with another alternative embodiment;

[0017] Fig. 6B 1s a side elevation view of an abutment member of the sacral fixation
implant 1llustrated in Fig. 6A;

[0016] Fig. 7A 1s a perspective view of a targeting device constructed 1n accordance
with one embodiment;

[0017] Fig. 7B 1s an enlarged perspective view of a cutting tip of the targeting device
1llustrated in Fig. 7A; and

[0018] Fig. 7C 1s an end elevation view showing the targeting device aligned with an

Imaging Source.

DETAILED DESCRIPTION

[0019] Referring to Figs. 2 to 7C generally, a sacral fixation system 30 constructed 1n
accordance with one embodiment includes one or more bone fixation implants configured to be
implanted into first and second bone locations 31a and 31b of a patient’s body. In accordance
with certain embodiments, the sacral fixation system 30 can further include a targeting device 34
configured to align a corresponding guide wire for insertion into or through the respective first
and second bone locations of the bone fixation implants. Each of the bone fixation implants 32
can include a first implant segment 36, which can include a first shaft 40. Each of the bone
fixation implants 32 can further include a second implant segment 38, which can include a

second shaft 42. In accordance with certain embodiments, the sacral fixation system can include
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a guide wire 44. The guide wire 44 1s configured to be received by each of the first and second
implant segments 36 and 38 so as to guide each of the first and second implant segments 36 and
38 to the respective first and second bone locations 31a and 31b. In accordance with certain
examples, the guide wire 44 1s further configured to be secured to each of the first and second
implant segments 36 and 38 so as to prevent movement of the first and second implants 36 and
38 away from each other. In other examples, the guide wire 44 1s further configured to be
secured to each of the first and second implant segments 36 and 38 so as to prevent movement of
the first and second implants 36 and 38 toward from each other. The guide wire 44 can be
configured as a Kirschner wire, or any suitable alternative guide wire as desired.

[0020] In use, the guide wire 44 can be driven through the first and second bone
locations 31a and 31b. The first implant segment 36 1s inserted over the guide wire 44 and
driven through the first bone location 31a. In certain examples, the first implant segment 36 1s
configured to drill a bore hole through the first bone location 31a. Alternatively, the bore hole
can be pre-drilled. The second implant segment 38 1s mnserted over the guide wire 44 and driven
through the second bone location 31b. In certain examples, the second implant segment 36 1s
configured to drill a bore hole through the second bone location 31b. Alternatively, the bore hole
can be pre-drilled. The second implant segment 38 1s driven through the second bone location
31b until a distal end of the second implant segment 38 1s recerved by the first implant segment
36. The bone fixation implant 32 further includes a fixation mechanism 46 configured to fix the
first and second implant segments 36 and 38 with respect to translation of the first and second
implant segments 36 and 38 away from each other.

[0021] The first bone location 31a, for instance, can be defined by a first 1lium bone
33a, and the second bone location 31b can be defined by a second 1lium bone 33b that 1s
separated from the first ilium bone 33a by a sacrum S, and thus disposed on opposite sides of the
sacrum S. Thus, each of the bone fixation implants 32 can be referred to as a sacral fixation
implant. For instance, the first ilium bone 33a can be defined by the left hip, and the second
1lilum bone 33b can be defined by the right hip. Alternatively, the first bone location 31a can be
defined by the second 1llum bone 33b, and the second bone location 31b can be defined by the
first 1llum bone 33a. It will be appreciated that the bone fixation implants 32 are configured to
be implanted 1n accordance with minimally-invasive surgical (MIS) techniques, where small
incisions are sufficient to facilitate implantation and fixation of the implant segments to the first
and second bone locations. The sacral fixation system 20 and 1ts components can be
manufactured from any suitable material, for example, metals such as titanium or steel or

polymers such as Polyetherctherkeytone (PEEK) or reinforced PEEK. In one embodiment, the
4
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sacral fixation system 30 can include at least one implant 32 that extends through the first and
second 1lilum bones 33a and 33b without passing through the sacrum S. Alternatively or
additionally, the sacral fixation system 30 can include at least one implant that extends through
both the first and second 1lium bones 33a and 33b, and further extends through the sacrum S.

[0022] Referring now to Figs. 2-4B, the first implant segment 36 can include the first
shaft 40 that 1s sized to be inserted through the first bone location 31a. The first shaft 40, and
thus the first implant segment 36, can define a first proximal end 40a and a first distal end 40b
opposite the first proximal end 40a. When the implant segment 36 1s implanted 1n the first bone
location 3 1a, the first proximal end 40a can define a lateral end, and the first distal end 40b can
define a medial end. The first shaft 40 can be elongate along a first central axis between the first
proximal end 40a and the first distal end 40b. At least a portion up to an entirety of the first
central axis can be linear. The first shaft 40 can be cylindrical in shape, or can define any
suitable alternative shape as desired.

[0023] The first implant segment 36 can include a first abutment surface 52 that
extends out from the first shaft 40. For instance, the first abutment surface 52 can be disposed
proximate to the first proximal end 40a. In one example, the first implant segment 36 can
include a first abutment member 54 that extends out from the first shaft 40. The first abutment
member 54 can be raised with respect to the first shaft 40 away from the first central axis, such
that the first abutment member 54 defines the first abutment surface 52. In this regard, 1t should
be appreciated that the first abutment member 54 can be monolithic with the first shaft 40.
Alternatively, the first abutment member 54, and the corresponding first abutment surface 52,
can be separate from the first shaft 40 and attached to the first shaft 40. For instance, the first
abutment member 54 can be 1n the form of a washer, clip, or other like structure that 1s
configured to be supported by the first shaft 40 so as to define the first abutment surface. For
instance, the washer can be configured as a washer 254 described 1n more detail below with
respect to Fig. 6.

[0024] The first implant segment 36 can define a substantially constant first outer cross-
sectional dimension from the distal end 40b to the first abutment surtace 52. The first outer
cross-sectional dimension extends through the first central axis, and can be a diameter or any
suitable alternative cross-sectional dimension as desired. The first implant segment 36 can be
annular. For instance, the first implant segment 36 can further define a first channel 56 that
extends through the first shaft 40 from the first proximal end 40a to the first distal end 40b. The

first channel 56 can extend along the first central axis. Thus, the first shaft 40 can define an
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inner surface 47a that defines the first channel 56, and an outer surface 47b opposite the inner
surface 47a. The first channel 56 1s sized to receive the guide wire 44.

[0025] In one example, referring to Fig. 3B, the first distal end 40b can define an
annular tip 43 that can be serrated, such that the serrations extend out in the first direction from
the first proximal end 40a toward the first distal end 40b. The annular tip defines a cutting
surface 45 that 1s configured to drill a hole 1nto the first bone location 31a. For instance, the
cutting surface 45 can be placed against the first bone location 31a and the first shaft 40 can be
rotated about the first central axis so that the serrated cutting surface 45 creates a bore hole 1n the
first bone location 31a. Thus, the first shaft 40 can be referred to as self-drilling. As described
above with respect to Fig. 2, the bone fixation implant 32 can be configured to extend through
the sacrum S 1f desired. Accordingly, 1t should be appreciated, for instance when the implant 32
1s to extend through the sacrum S, the cutting surface 45 can create bore hole 1n the sacrum after
being driven through the first bone location 31a. Alternatively, a cutting instrument can create
the bore hole 1n the first bone location 3 1a prior to insertion of the first shaft 40 through the first
bone location 31a, as will be described 1n more detail below. The cutting instrument can further
create the bore hole 1n the sacrum S 1f desired. Thus, 1t should be appreciated that the annular tip
can alternatively define a smooth surface as desired.

[0026] Retferring again to Figs. 2-4B, the second implant segment 38 can include the
second shaft 42 that 1s sized to be 1inserted through the second bone location 31b. The second
shaft 42, and thus the second implant segment 38, can define a second proximal end 42a and a
second distal end 42b opposite the second proximal end 42a. When the second implant segment
38 1s implanted 1n the second bone location 31b, the second proximal end 42a can define a lateral
end, and the second distal end 42b can define a medial end. The second shaft 42 can be elongate
along a second central axis between the second proximal end 42a and the second distal end 42b.
At least a portion up to an entirety of the second central axis can be linear. The second shaft 42
can be cylindrical 1n shape, or can define any suitable alternative shape as desired. At least a
portion of the second shaft 42 can be sized to be recerved 1n the first channel 56. For instance, at
least the second distal end 42b can define a cross-sectional dimension that 1s slightly less than
that of the first channel 56. When the second shaft 42 1s received 1n the first channel 56, the first
and second central axes can be coincident with each other.

[0027] The second implant segment 38 can include a second abutment surface 58 that
extends out from the second shaft 42. For instance, the second abutment surface 58 can be
disposed proximate to the second proximal end 42a. In one example, the second implant

segment 38 can include a second abutment member 60 that extends out from the second shaft 42.

0
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The second abutment member 60 can be raised with respect to the second shaft 42 away from the
second central axis, such that the second abutment member 60 defines the second abutment
surface 58. In this regard, 1t should be appreciated that the second abutment member 60 can be
monolithic with the second shaft 42. Alternatively, the second abutment member 60, and the
corresponding second abutment surface 58, can be separate from the second shaft 42 and
attached to the second shatt 42. For instance, the second abutment member 60 can be 1n the form
of a washer, clip, or other like structure that 1s configured to be supported by the second shaft 42
so as to define the second abutment surface. For instance, the washer can be configured as a
washer 254 described in more detail below with respect to Fig. 6. The second implant segment
38 can define a substantially constant second outer cross-sectional dimension from the second
distal end 42b to the second abutment surface 58. The second outer cross-sectional dimension
extends through the second central axis, and can be a diameter or any suitable alternative cross-
sectional dimension as desired.

[0028] The second implant segment 38 can be annular. For instance, the second
implant segment 38 can further define a second channel 62 that extends through the second shaft
42 from the second proximal end 42a to the second distal end 42b. Thus, the second shaft 42 can
define an mner surface 57a that defines the second channel 62, and an outer surface 57b opposite
the inner surface 57a. The second channel 62 can extend along the second central axis, and can
have a cross-sectional dimension slightly greater than that of the guide wire 44, such that the
second channel 62 1s si1zed to recerve the guide wire 44. Accordingly, the cross-sectional
dimension of the second channel 62 1s less than the cross-sectional dimension of at least a
portion of the first channel 56 that receives the second shaft 42. The first and second cross-
sectional dimensions can extend through the first and second central axes, respectively, and can
define diameters or any suitable cross-sectional dimensions as desired.

[0029] In onc example, as 1llustrated 1in Fig. 3B, the second distal end 42b can define a
second annular tip 53 that can be serrated, such that the serrations extend out 1n the second
direction from the second proximal end 42a toward the second distal end 42b. Accordingly, the
second annular tip 53 defines a second cutting surface 55 that 1s configured to drill a hole into the
second bone location 31b. For instance, the second cutting surface 55 can be placed against the
second bone location 31b and the second shaft 42 can be rotated about the second central axis so
that the serrated cutting surface 55 creates a bore hole 1n the second bone location 31b. Thus, the
second shaft 42 can be referred to as self-drilling. As described above with respect to Fig. 2, the
bone fixation implant 32 can be configured to extend through the sacrum S 1f desired.

Accordingly, 1t should be appreciated, for instance when the implant 32 1s to extend through the
7
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sacrum S, the second cutting surface 55 can create bore hole 1n the sacrum after being driven
through the second bone location 31b. Alternatively, a cutting instrument can create the bore
hole 1n the second bone location 31b prior to insertion of the second shaft 42 through the second
bone location 31b, as will be described 1n more detail below. Thus, 1t should be appreciated that
the second annular tip 53 can alternatively define a smooth surface as desired.

[0030] Referring now to Figs. 2-4B, during operation, the guide wire 44 1s placed
across the sacroiliac joint from the first bone location 31a, such as the first ilium bone 33a, to the
second bone location 31b, such as the second 1ltum bone 33b. Next, the first channel 56 recerves
the guide wire 44, and the first distal end 40b of the first shaft 40 1s configured to be mserted
through one of the first and second 1lium bones 33a and 33b along the guide wire 44. For
instance, the first shaft 40 can be inserted through the first bone location 31a 1n a first direction
toward the second bone location 31b until the first abutment surface 52 abuts the first bone
location 31a. The first channel 56 receives the guide wire 44, and advances along the guide wire
44, as the first shaft 40 1s inserted through the first bone location 31a. Thus, the first abutment
surface 52 1s configured to abut the first bone location 31a so as to prevent further insertion of
the first shaft 40 through the first bone location 31a.

[0031] The second distal end 42b of the second shaft 42 1s configured to be mserted
through the other of the first and second bone locations 31a and 31b. For instance, the second
shaft 42 can be 1nserted through the second bone location 31b 1n a second direction, opposite the
first direction, toward the first bone location 31a such that at least the second distal end 42b 1s
received 1n the first channel 56 at a location between the first and second bone locations 31a and
31b. The second shaft 42 1s inserted 1n the second direction, and the second distal end 42b 1s
advanced 1n the first channel 56 toward the first proximal end 40a, until the second abutment
surface 58 abuts the second bone location 31b. The second channel 62 receives the guide wire
44, and advances along the guide wire 44, as the second shaft 42 1s inserted through the second
bone location 31b, for instance, the second 1lium bone 33b. Thus, the second abutment surface
58 1s configured to abut the second bone location 31b so as to prevent further insertion of the
second shaft 42 through the second bone location 31b. It should be appreciated that the first
shaft 40 can be advanced through the first bone location 3 1a before, after, or simultancously
with, insertion of the second shaft 42 through the second bone location 31b, such that the second
shaft 1s recerved by the first channel 56. Subsequent further insertion of the first shaft 40, the
second shaft 42, or both, through the respective first and second bone locations 31a and 31b
further advances the second distal end 42b 1n the first channel 56 1n the second direction. As

described above, the first and second shafts 40 and 42 can extend through the first ilium bone
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33a and the second 1llum bone 33b, respectively, without passing through the sacrum S.
Alternatively, one or both of the first and second shafts can further extend through the sacrum S.

[0032] With continuing reference to Figs. 2-4B, and as described above, the fixation
mechanism 46 1s configured to fix the first and second implant segments 36 and 38 with respect
to translation of the first and second implant segments 36 and 38 away from cach other. It
should be appreciated that mechanical iterference between the first abutment surface 52 and the
first bone location 3 1a fix the first implant segment 36 with respect to translation toward the
second implant segment 38. Further, mechanical interference between the second abutment
surface 58 and the second bone location 31b fixes the second implant segment 38 with respect to
translation toward the first implant segment 36.

[0033] As will be appreciated from the description below, the fixation mechanism 46 1s
configured to secure the first implant segment to the second implant segment 38 via a threaded
engagement. In one example, the fixation mechanism can include the guide wire 44 and at least
one¢ locking member that 1s configured to prevent at least one of the first and second shafts 40
and 42 from moving away from the other of the first and second shafts 40 and 42. Thus, the at
least one locking member can prevent movement of the at least one or both of the first and
second shafts 40 and 42 along the guide wire 44 1n a direction from the respective distal end
toward the respective proximal end. In certain examples, the at least one locking member can
prevent movement of the at least one or both of the first and second shafts 40 and 42 along the
oguide wire 1n a direction from the respective proximal end toward the respective distal end.
Further, 1t will be appreciated in certain examples that the at Ieast one locking member does not
extend through the implant from the first proximal end 40a to the second proximal end 42a. For
instance, the fixation mechanism 46 can include first and second locking members 64 and 66.
The first locking member 64 1s configured to fix the first implant segment 36 to the guide wire
44 with respect to translation of the first implant segment 36 along the guide wire 44 1n at least
one¢ direction, for instance 1n first and second opposed directions. The second locking member
66 1s configured to fix the second implant segment 38 to the guide wire 44 with respect to
translation of the second implant segment 38 along the guide wire 44 1n at least one direction, for
instance 1n first and second opposed directions. Thus, 1t should be appreciated that the guide
wire 44 can be designed to remain permanently implanted in the sacral region. That 1s, the guide
wire 44 remains implanted with the first and second implant segments 36 and 38 after
completion of the surgical procedure. Otherwise stated, the guide wire 44 can remain implanted

as long as the first implant 32 remains implanted.
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[0034] As 1illustrated 1n Fig. 3C, either or both of the first and second locking members
64 and 66 can be configured as a locking cap 68. The locking cap 68 includes a locking cap
body 70 and a channel 72 that extends through the locking cap body 70. The channel 72 1s sized
to receive the guide wire 44. For instance, the locking cap body 70 includes an inner surface 71a
that defines the channel 72, and an outer surface 71b opposite the imnner surface 71a. The locking
cap body 70 further defines at least one flexible wall 74 wall that defines a portion of the channel
72. For instance, the inner surface 71a at the flexible wall 74 defines the channel 72 having an
initial cross-sectional dimension that 1s greater than that of the guide wire 44. The outer surface
71b at the flexible wall 74 can be threaded, and can further be tapered as 1t extends 1n a distal
direction. The flexible wall 74 1s configured to compress against the guide wire 44 1n response
to a radially compression force applied to the flexible wall 74. In one example, the locking cap
68 can further define at least one compression slot 76 that extends radially through the flexible
wall 74 so as to be open to the channel 72.

[0035] Referring to Fig. 3C, the locking cap 68 will be described 1n connection with the
second proximal end 42a of the second shaft 42. It will be appreciated, of course, that when the
first locking member 64 1s configured as a locking cap 68, the locking cap 68 can similarly
cooperate with the first proximal end 40a of the first shaft 40 as described herein with respect to
the second proximal end 42a of the second shaft 42. The locking cap 68, and 1n particular the
flexible wall 74, can receive the guide wire 44, such that the guide wire 44 extends through the
channel 72. The locking cap 68 can be translated along the guide wire 44 1n the distal direction
toward the second proximal end 42a. The flexible wall 74 1s sized to be at least partially
recerved 1n an aperture that extends through the second proximal end 42a 1n the second direction.
The aperture can, for instance, be defined by the second channel 62 that extends through the
second shaft 42 from the proximal end 42a to the distal end 42b. The first shaft 40 likewise
includes an aperture that that extends through the first proximal end 40a along the first direction.
The aperture can, for instance, be defined by the first channel 56 that extends through the first
shaft 40 from the first proximal end 40a to the first distal end 40b. Accordingly, the inner
surface 57a that defines the second channel 62 can further define the aperture. The 1nner surface
57a at the aperture 1s configured to apply the compression force to the flexible wall 74 as the
locking cap 1s inserted 1nto the aperture. The compression force applied by the mnner surface 57a
thus causes the flexible wall 74 to compress against the guide wire 44 and attach the locking cap
638 to the guide wire.

[0036] It 1s appreciated that the flexible wall 74 can be externally threaded, and the

inner surface 57a can likewise be threaded. Accordingly, once that locking cap 68 has been
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translated along the guide wire 44 to a location whereby the flexible wall 74 contacts the second
shaft 42, the locking cap 68 can be rotated relative to the second shaft 42 about the guide wire 44
so as to threadedly mate the cap 68 to the second shaft 42. Because the flexible wall 74 1s
tapered 1n the second direction, as the locking cap 68 1s advanced 1n the aperture of the proximal
end 42a, the mner surtace 57a compresses the flexible wall 74 against the guide wire 44 as
described above. It should be appreciated that, alternative or additionally, the inner surface 57a
can be tapered 1n the second direction. Because the locking cap 68 threadedly mates with the
respective shaft 40 or 42, when both of the first and second locking members 64 and 66 are
configured as locking caps 68, the locking caps 68 fix the first and second shafts 40 and 42 to the
ouide wire 44 without applying a compressive force to the shafts 40 and 42 that would compress
the first and second 1lium bones 33a and 33b toward each other. Thus, when the sacrum S (see
Fig. 2) 1s fractured, the fracture can be reduced with, for example, reduction forceps or any
suitable alternative structure, and the threaded locking caps 68 can secure the first and second
shafts 40 and 42 to the guide wire 44 so as to maintain the fracture m its reduced configuration,
thereby promoting bone healing. Further, 1t should be appreciated that the locking cap 68 can be
configured to prevent movement of the second implant segment 38 along the guide wire 44 both
in a direction from the second distal end 42b toward the second proximal end 42a, and 1n a
direction from the second proximal end 42a toward the second distal end 42b.

[0037] Because the first locking member 64, an 1n particular the locking cap 68, can be
configured to threadedly attach to the first implant segment 36 so as to fix the first implant
segment 36 to the guide wire 44 which, 1n turn, 1s fixed to the second implant segment 38, the
fixation mechanism 46 can be said to fix the first implant segment 36 to the second implant
segment 38 via a threaded engagement. Further, because the second locking member 66, and 1n
particular the locking cap 68, can be configured to threadedly attach to the second implant
segment 38 so as to fix the second implant segment 38 to the guide wire 44 which, 1n turn, 1s
fixed to the first implant segment 36, the fixation mechanism 46 can be said to fix the implant
segment 36 to the second implant segment 38 via a threaded engagement.

[0038] Referring now also to Figs. 2 and 4A-4B, 1t should be appreciated that at least
one of the first and second locking members 64 and 66 can be configured as a locking nut 78.
For instance, the first locking member 64 can be configured as a locking cap 68, and the second
locking member 66 can be configured as a locking nut 78. Alternatively, the first locking
member 64 can be configured as a locking nut 78, and the second locking member 66 can be

configured as a locking cap 68. Alternatively still, each of the first and second locking members
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64 and 66 can be configured as a respective locking nut 78. Alternatively still, each of the first
and second locking members 64 and 66 can be configured as a respective locking cap 68.

[0039] The locking nut 78 will be described 1n connection with the first proximal end
40a of the first shaft 40. It will be appreciated, of course, that when the second locking member
66 1s configured as a locking nut 78, the locking nut 78 can similarly cooperate with the second
proximal end 42a of the second shaft 42 as described herein with respect to the first proximal end
40a of the first shaft 40. The locking nut 78 can define a nut body 80 having an inner surface
82a that defines a channel 84 that extends through the nut body 80, and an outer surface 82b
opposite the inner surface 82a. The channel 84 1s sized to receive the guide wire 44. The inner
surface 82 can be threaded. Thus, the locking nut 78 cab be said to be internally threaded.
Further, at least a portion of the guide wire 44 can be externally threaded. The portion of the
ouide wire 44 can be disposed proximate to the first proximal end 40a, and can for instance
extend from a first location spaced from the proximal end 40a 1n the second direction region to a
second location spaced from the proximal end 40a 1n the first direction when the first abutment
surface 52 1s positioned adjacent the first bone location 31a.

[0040] As a result, the locking nut 78 1s configured to be threaded onto the guide wire
44 and threadedly advanced along the guide wire 44 toward the first shaft 40 until the locking
nut 78 abuts the first shaft 40. For instance, the locking nut 78 can abut the first proximal end
40a. Subsequent rotation of the locking nut 78 about the guide wire 44 while the second
abutment surface 58 18 1n contact with the second bone location 31b therefore urges the first shaft
40 1n the first direction toward the second shaft 42. Thus, when the first abutment surface 52 1s
in contact with the first bone location 31a, the compression nut 1s configured to apply a
compressive force that 1s delivered to the first and second 1lilum bones 33a and 33b (see Fig. 2).
In particular, the first shaft 40 extends through the first 1ltum bone 33a such that the first
abutment surface 52 1s 1n contact with the first 1ltum bone 33a, and the second shaft 42 extends
through the 1s second 1lium bone 33b and into the first shaft 40 until the second abutment surface
58 1s 1n contact with the second 1ltum bone 33b. One of the first and second shafts 40 and 42 can
be secured to the guide wire with respect to movement away from the other of the first and
second shafts 40 and 42 1n any manner described herein. The locking nut 78 1s then advanced
along the guide wire until 1t applies a compressive force to the other of the first and second shafts
40 and 42, thereby applying compression to each of the first and second 1lilum bones 33a and 33b
toward the other of the first and second 1ltum bones 33a and 33b. When the sacrum S 1s
fractured, the compression 18 used to promote bone healing. Since the implant 32 has the ability

to maintain the compressive force throughout bone healing, the reduction of the fracture 1s
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maintained and bone healing promoted. As illustrated in Fig. 2, the sacral fixation system 30 can
include first and second implants 32 which can each be constructed in accordance with any
embodiment as described herein, and can be positioned at different locations at the 1lilum bones
stabilize each of the 1llum bones to each other, and 1n some examples to apply a compressive
force to the sacrum S. It should be further appreciated that the fixation mechanism 46 can
include at least one locking member that does not extend through the first and second shafts from
the first proximal end to the second proximal end. For instance, the at least one locking member
can be defined by one or both of the locking cap 68 and the locking nut 78.

[0041] Because the first locking member 64, an 1n particular the locking nut 78, can be
configured to threadedly attach to the guide wire 44 so as to fix the first implant segment 36 to
the guide wire 44 which, 1n turn, 1s fixed to the second implant segment 38, the fixation
mechanism 46 can be said to fix the first implant segment 36 to the second implant segment 38
via a threaded engagement. Further, because the second locking member 66, an 1n particular the
locking nut 78, can be configured to threadedly attach to the guide wire 44 so as to fix the second
implant segment 38 to the guide wire 44 which, 1n turn, 1s fixed to the first implant segment 36,
the fixation mechanism 46 can be said to fix the implant segment 36 to the second implant
segment 38 via a threaded engagement.

[0042] While the first and second locking members 64 and 66 have been constructed 1n
accordance with one embodiment, 1t 1s envisioned that the locking members 64 and 66 can be
constructed 1n accordance with any suitable alternative embodiment as desired. For instance
either or both of the locking members 64 and 66 can be configured as a locking pin that extends
through a respective one of the implant segments and the guide wire 44, thereby fixing the
respective one of the implant segments to the guide wire 44. As another example, either or both
of the locking members 64 and 66 can be configured as a set screw that 1s threadedly driven
through a channel of a respective one of the implant segments 1n a direction toward the
corresponding central axis, and compresses against the guide wire 44. Thus, 1t will be
appreciated that the first and second locking member 44 and 46 can be any suitably constructed
locking member unless otherwise specified.

[0043] Once the locking members 64 and 66 are secured 1n place, the guide wire 44 can
be cut at a location adjacent and proximal with respect to the locking members 64 and 66.
Because the guide wire 44 have a gauge that 1s substantially less than conventional trans-iliac
bars, a simple cutting implement can cut the guide wire 44, as opposed to larger more robust
cutting mstruments that were required to cut the thicker trans-i1liac bars. In this regard, it 1s

appreciated that the anatomical loads are absorbed by the first and second implant segments 36
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and 38, while the guide wire 44 assists 1n fixation of the first and second implant segments 36
and 38 with respect to movement away from and/or toward each other. The guide wire 44 can
thus have a thickness substantially less than that of conventional trans-1liac bars. For instance,
the guide wire can have any thickness as desired, for instance between 0.5 mm and 3.0 mm.

[0044] Referring now to Figs. 2 and SA-35D, at least one of the implants 32 can be
constructed 1n accordance with an alternative embodiment. For instance, a bone fixation implant
132 can be configured to be implanted into the first and second bone locations 31a and 31b of a
patient’s body. As described above with respect to the implant 32, the implant 132 1llustrated in
Figs. SA-5D can stabilize the first and second 1lium bones 33a and 33b with respect to movement
relative to each other while or without compressing the first and second 1llum bones 33a and 33b
toward each other. The bone fixation implant 132 can include the first and second implant
segments 36 and 38, having the first and second shafts 40 and 42, respectively, and the first and
second abutment surfaces 52 and 58, respectively, as described above. Further, the bone fixation
implant can include a fixation mechanism 146 that, in turn, can include at least one locking
member 164 that 1s configured to prevent at least one of the first and second shafts 40 and 42
from translating away from the other of the first and second shafts 40 and 42 as described above.
Further, 1t will be appreciated that the locking member 164 does not extend through the implant
from the first proximal end 40a to the second proximal end 42a.

[0045] As illustrated in Figs. SA-5D, the locking member 164 can be configured as a
fixation member 186 that 1s configured to fix the first shaft 40 to the second shatt 42 with respect
to movement away from each other. The fixation member 186 has a fixation head 188 and a
fixation shaft 190 that extends from the fixation head 188. The Fixation shaft 190 1s sized and
configured to be inserted through the first proximal end 40a of the first shaft 40 in the first
direction, through at least a portion of the first channel 56 and 1nto the second channel 62. The
fixation shaft 190 1s configured to attach to the second shaft 42 1n the second channel 62, thereby
fixing the first shaft 40 to the second shaft 42. The fixation member 186 defines a channel 192
that extends through the fixation head 188 and the fixation shaft 190. The channel 192 1s sized
and configured to receive the guide wire 144.

[0046] The fixation member 186 defines an mner surface 187a that defines the channel
192, and an outer surface 187b opposite the mner surtface 187. The outer surface 187b at the
fixation shaft 190 can be threaded. Thus, the fixation shaft 190 can be said to be externally
threaded. Similarly, the inner surface 57a of the second shaft 42 can be threaded. Thus, the
second shaft 42 can be said to be internally threaded. Thus, the fixation member 186 1s

configured to threadedly mate with the second shaft 42. In particular, as described above, the
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outer surface 187b can be threaded and configured to threadedly mate with the inner surface 57a
in the second channel 62. Accordingly, the fixation shaft 190 can be configured to mate with the
second shaft 42 1n the second channel 62. For instance, the externally threaded surface of the
fixation shaft 190 1s configured to mate with the threaded inner surface 57a. The fixation
member 186 can be threadedly advanced 1n the second channel 62 until the fixation head 138
abuts the first shaft 40. For instance, the fixation member 186 can be threadedly advanced 1n the
second channel 62 until the fixation head 188 abuts the first proximal end 40a.

[0047] Because the fixation mechanism 146, and 1n particular the fixation member 186
1s configured to threadedly mate with the second implant segment 38 and 1s configured to be
fixed to the first implant segment 36, the fixation mechanism 146 can be said to fix the first
implant segment 36 to the second implant segment 38 via a threaded engagement. Further,
because the fixation mechanism 146, and 1n particular the fixation member 186 can be
configured to threadedly mate with the first implant segment 36 and 1s further configured to be
fixed to the second implant segment 36, the fixation mechanism 146 can be said to fix the first
implant segment 36 to the second implant segment 38 via a threaded engagement.

[0048] As 1illustrated 1n Fig. 5D, at least a portion of the outer surface 57b of the second
can define a non-circular cross-section along a plane that 1s normal to the first direction.
Accordimngly, the outer surface 57b can define a keyed surface 194. The mner surface 47a can
define a complementary keyed surface as desired that mates with the keyed surface 194 so as to
prevent the second shaft 42 from rotating 1n the first channel 56 of the first shaft 40.
Alternatively or additionally, the first implant segment 36 can define at least one aperture 196
such as a pair of apertures 196 that extend through the first shaft 40 from the outer surface 47b to
the inner surface 47a, such that the apertures are open to the first channel 56. The apertures 196
can be located proximate to the first distal end 40b, or otherwise positioned as desired. The
second shaft 42 can be oriented 1n the first channel 56 such that the apertures 196 are disposed
adjacent the keyed surface 194. The first implant segment 36 can further define at least one
locking pin such as a pair of locking pins, which can be configured as set screws, sized and
configured to be inserted into the apertures 196. For instance, the apertures 196 can be threaded
or otherwise sized to receive the respective locking pin such that the locking pin applies a
compressive force against the fixation shaft 190 so as to retain the second shaft 42 1n the first
channel 56.

[0049] As described above, the first shaft 40 can define an aperture that extends
through the first proximal end 40a 1n the first direction. The aperture can, for instance, be

defined by the first channel 56 that extends through the first shaft 40 from the first proximal end
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40a to the first distal end 40b. Accordingly, the inner surface 47a of the first shaft 40 that
defines the second channel 62 can further define the aperture. In one example, the fixation head
188 1s sized to bias the first implant segment 36 1n the first direction as the fixation shaft 190
advances along the second shaft 42 1n the first direction. For instance, the fixation head 188 can
be tapered 1n the first direction, and can be sized to be at least partially received in the aperture,
so as to bear against the inner surface 47a at the aperture as the fixation member 186 moves 1n
the first direction relative to the first shaft 40.

[0050] The fixation member 186 can thus be advanced 1n the second channel 62 1n the
first direction until the fixation head 188 applies a compressive force to the first shaft 40 1n the
first direction, thereby applying compression to each of the first and second 1lium bones 33a and
33b toward the other of the first and second 1lium bones 33a and 33b. When the sacrum S 1s
fractured, the compression 1s used to promote bone healing. Since the implant 132 has the ability
to maintain the compressive force throughout bone healing, the reduction of the fracture 1s
maintained and bone healing promoted.

[0051] In another example, the outer surface 187b of the fixation member 186 at the
fixation head 188 can be threaded, and at least a portion of the inner surface 47a can be threaded.
Accordingly, rotation of the fixation member 186 about the guide wire 44 with respect to the first
and second shafts 40 and 42 can threadedly mate the fixation head 188 to the inner surface 47a of
the first shaft 40 as the fixation shaft 190 advances 1n the first direction along the second shaft 42
in the second channel 62. Thus, when the sacrum S (see Fig. 2) 1s fractured, the fracture can be
reduced with, for example, reduction forceps or any suitable alternative structure., the first and
second abutment surtaces 52 and 58 can abut the first and second bone locations 31a and 31b,
respectively, and the fixation member 186 can secure the first and second shafts 40 and 42 to
cach other so as to maintain the fracture in its reduced configuration, thereby promoting bone
healing.

[0052] As described above, the sacral fixation system 30 can include a guide wire 44
that 1s received by the first and second channels 56 and 62 as the first and second implant
segments 36 and 38 are advanced toward and through the first and second bone locations 31a and
31Db, respectively. The channel 192 of the fixation member 186 can further receive the guide
wire 44 as the fixation shaft 190 travels into the first channel 56 and into the second distal end
42b of the second shaft 42. The fixation head 188 can compress against the first shaft 40 in the
first direction so as to fix the first shatt 40 with respect to movement away from the second shaft
42. Interference between the first abutment surface 52 and the first bone location 3 1a prevents

the first shaft 40 from moving toward the second shaft 42. Further, when the fixation shaft 190
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1s attached to the second shaft 42, the second shaft 42 1s prevented from translating along the
fixation shaft 190 in both the second and first directions toward and away from the first shaft 40,
respectively. Alternatively, the fixation head 188 can threadedly mate to the first shaft 40.
Accordingly, when the fixation shaft 190 threadedly mates with the second shaft 42, the fixation
member 186 prevents the first and second shafts 40 and 42 from moving both toward and away
from each other. The guide wire 44 can subsequently be removed from the implant 122 along
either first direction or the second direction through the first channel 56, the second channel 62,
and the channel of the fixation member 186. Alternatively, the fixation head 188 can define a
flexible wall that 1s biased to compress against the guide wire 44 by the inner surface of the first
shaft 40 at the first proximal end 40a, as described above with respect to the locking cap 68.

[0053] Referring now to Figs. 2 and 6, at least one of the implants 32 1llustrated in Fig.
2 can be constructed 1n accordance with another alternative embodiment. For instance, a bone
fixation implant 232 can be configured to stabilize the first and second bone locations 31a and
31b 1n 1n accordance with another embodiment. Thus, the bone fixation implant 232 can also be
referred to as a sacral fixation implant.

[0054] The bone fixation implant can include a first implant segment 236 and a second
implant segment 238. The first implant segment 236 can include a first shaft 240 that 1s sized to
be inserted through the first bone location 31a. The first shaft 240, and thus the first implant
segment 236, can define a first proximal end 240a and a first distal end 240b opposite the first
proximal end 240a. When the first implant segment 236 1s implanted 1n the first bone location
31a, the first proximal end 240a can define a lateral end, and the first distal end 240b can define
a medial end. The first shaft 240 can be elongate along a first central axis between the first
proximal end 240a and the first distal end 240b. At least a portion up to an entirety of the first
central axis can be linear. The first shaft 240 can be cylindrical 1in shape, or can define any
suitable alternative shape as desired.

[0055] The first implant segment 236 can include a first abutment surface that extends
out from the first shaft 240. For instance, the first abutment surface can be disposed proximate
to the first proximal end 240a. In one example, the first implant segment 236 can include a first
abutment member that extends out from the first shatft 240. The first abutment member can be
raised with respect to the first shaft 240 away from the first central axis, such that the first
abutment member defines the first abutment surface. As described above with respect to Figs.
3A-4B, the first abutment member can be monolithic with the first shaft 240. Alternatively, as
described above, the first abutment member, and the corresponding first abutment surface, can be

separate from the first shaft 240 and attached to the first shaft 240. For instance, the first
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abutment member can be 1n the form of a washer 254 that defines an opening 259 that 1s sized to
receive the first shaft 240, but sized smaller than the first proximal end 240a. Accordingly, the
first proximal end 240a 1s configured to abut a first surface 254a of the washer 254, such that a
second surface 254b of the washer 254 opposite the first surtace 254a defines the abutment
surface.

[0056] It 1s recognized that the central axis of the first shaft 240 might not be normal to
the outer surface of the first bone location 31a when the first shaft 240 1s inserted through the
first bone location 31a. Accordingly, the washer 254 can be contoured such that the second
surface 254b rests against the outer surface of the first bone location 31a while the first surface
254a generally conforms to the first proximal end 240a. For instance, a first end of the washer
254 can have a first thickness 1n the first direction, and a second end of the washer 254 can have
a second thickness 1n the first direction that 1s greater than the first thickness. The first and
second ends can, for instance be disposed on opposite sides of the opening 259. Thus, the
abutment surfrace 254b can generally conform to the respective bone location. That 1s, a greater
portion of the abutment surface 254b can abut the bone location compared to a flat surface that
rests against the bone location. It should be appreciated that the abutment surface 254b can be
contoured so as to substantially conform to either or both of the first and second 1lium bones 33a
and 33b at the perimeter of the hole that receives the respective shafts of the implant segments.
The proximal end 240a can be configured as a screw head having any suitable driving interface
265, which can be configured as a socket or the like. The driving interface 265 can be
configured to interlock with a driving instrument, and 1s configured to receive a torsional force
from the driving instrument that drives the first shaft 240 to rotate about the first central axis, or
otherwise maintains the first shaft 240 rotationally stable. It 1s appreciated that as the first
proximal end 240a 1s tightened against the first bone location 31a, the washer 254 can remain
rotationally stationary such that the proximal end 240a does not rotate 1in direct contact with the
first bone location 31a. Rather, the proximal end 240a rotates while 1n contact with the washer
254. In this regard, the washer 254 can define a fixation aperture that 1s configured to receive
suture or other type of tether so as to fix the washer 254 to or adjacent soft tissue or bone as
desired, so as to fix the position of the washer 254 and assist 1n stabilizing the washer 254 with
respect to rotation.

[0057] The first implant segment 236 can further define a first channel 256 that extends
through the first shaft 240 from the first proximal end 240a to the first distal end 240b. The first
channel 256 can extend along the first central axis. Thus, the first shaft 240 can define an mner

surface 247a that defines the first channel 256, and an outer surface 247b opposite the inner
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surface 247a. The first channel 256 1s sized to recerve the guide wire 244. At least a portion of
the outer surface 247b can be threaded so as to mate with a second shaft 242 as will be described
in more detail below. The first distal end 240b can define a tip 243 that can be serrated or
otherwise define a cutting flute, such that the annular tip defines a cutting surface 245 that 1s
configured to drill a hole into the first bone location 31a. For instance, the cutting surface 245
can be placed against the first bone location 31a and the first shaft 240 can be rotated about the
first central axis so that the cutting surface 245 creates a bore hole 1n the first bone location 3 1a.
Thus, the first shaft 240 can be referred to as self-drilling. As described above with respect to
Fig. 2, the bone fixation implant 232 can be configured to extend through the sacrum S 1f
desired. Accordingly, 1t should be appreciated, for instance when the implant 232 1s to extend
through the sacrum S, the cutting surface 245 can create bore hole 1n the sacrum S after being
driven through the first bone location 31a. Alternatively, a first distal end 240b can be
substantially smooth or otherwise not configured to self drill through the first bone location 3 1a.
Thus, a drilling instrument can create the bore hole 1n the first bone location 31a prior to
insertion of the first shaft 240 through the first bone location 3 1a.

[0058] With continuing reference to Figs. 2 and 6, the second implant segment 238 can
include the second shaft 242 that 1s sized to be inserted through the second bone location 31b.
The second shaft 242, and thus the second implant segment 238, can define a second proximal
end 242a and a second distal end 242b opposite the second proximal end 242a. When the second
implant segment 238 1s implanted 1n the second bone location 31b, the second proximal end 242a
can define a lateral end, and the second distal end 242b can define a medial end. The second
shaft 242 can be elongate along a second central axis between the second proximal end 242a and
the second distal end 242b. At least a portion up to an entirety of the second central axis can be
linear, and can be coincident with the first central axis when the first and second shafts 240 and
242 are secured to each other. The second shaft 242 can be cylindrical in shape, or can define
any suitable alternative shape as desired.

[0059] The second implant segment 238 can include a second abutment surface that
extends out from the second shaft 242. For instance, the second abutment surface can be
disposed proximate to the second proximal end 242a. In one example, the second implant
segment 238 can include a second abutment member that extends out from the second shaft 242.
The second abutment member can be raised with respect to the second shaft 242 away from the
second central axis, such that the second abutment member defines the second abutment surface.
As described above with respect to Figs. 3A-4B, the second abutment member can be monolithic

with the second shaft 242. Alternatively, as described above, the second abutment member, and
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the corresponding second abutment surface, can be separate from the second shaft 242 and
attached to the second shatft 242. For instance, the second abutment member can be 1n the form
of the washer 254, as described above. Thus, the first implant segment 236 can include a first
washer 254, and the second implant segment 238 can include a second washer 254. The second
proximal end 242a 1s configured to abut the first side 254a of the second washer 254, such that
the second side 254b of the second washer 254 defines the abutment surface.

[0060] It 1s recognized that the central axis of the second shaft 242 might not be normal
to the outer surface of the second bone location 31b when the second shaft 242 1s inserted
through the second bone location 31b. Accordingly, the second washer 254 can be contoured
such that the second side 254b rests against the outer surface of the second bone location 31b
while the first side 254a generally conforms to the second proximal end 242a. The second
proximal end 242a can be configured as a screw head having any suitable driving interface 267,
which can be configured as a socket or the like. The second driving interface 267 can be
configured to interlock with a driving instrument, and 1s configured to receive a torsional force
from the driving instrument that either drives the second shaft 242 to rotate about the central axis
or maintains the second shaft 242 rotationally stable. It 1s appreciated that as the first proximal
end 240a 1s tightened against the first bone location 31a, the washer 254 can remain rotationally
stationary such that the second proximal end 242a does not rotate in direct contact with the first
bone location 31a. In this regard, the second washer 254 can define a fixation aperture that 1s
configured to receive suture or other type of tether so as to fix the second washer 254 to adjacent
soft tissue or bone as desired, so as to fix the position of the second washer 254 and assist 1n
stabilizing the second washer 254 with respect to rotation.

[0061] The second implant segment 238 can further define a second channel 262 that
extends through the second shaft 242 from the second proximal end 242a to the second distal end
242b. The second channel 262 can extend along the second central axis. Thus, the second shaft
242 can define a second 1nner surface 257a that defines the second channel 262, and a second
outer surface 257b opposite the second mner surface 257a. The second channel 262 1s sized to
recerve the guide wire 244. At least a portion of the second inner surface 257a can be threaded
so as to threadedly mate with the first outer surface 247b of the first shaft 240, as will be
described 1n more detail below. The second distal end 242b can define a tip 253 that can be
serrated or otherwise define a cutting flute, such that the annular tip defines a second cutting
surface 255 that 1s configured to drill a hole into the second bone location 31b. For instance, the
second cutting surface 255 can be placed against the second bone location 31b and the second

shaft 242 can be rotated about the second central axis so that the second cutting surface 255

20



CA 02949060 2016-11-14

WO 2015/175376 PCT/US2015/030087

creates a bore hole 1n the second bone location 31b. Thus, the second shatt 242 can be reterred
to as self-drilling. As described above with respect to Fig. 2, the bone fixation implant 232 can
be configured to extend through the sacrum S 1f desired. Accordingly, 1t should be appreciated,
for instance when the implant 232 1s to extend through the sacrum S, the second cutting surface
255 can create bore hole 1n the sacrum S after being driven through the second bone location
31b. Alternatively, the second distal end 242b can be substantially smooth or otherwise not
configured to self drill through the first bone location 31a. Thus, a drilling instrument can create
the bore hole 1n the second bone location 31b prior to insertion of the second shaft 242 through
the second bone location 31b.

[0062] As described above, at least a portion of the first outer surtace 247b of the first
shaft 240 can be threaded. Similarly, at least a portion of the second inner surface 257a of the
second shaft 242 can be threaded. Thus, at least one of the first and second shafts 240 and 242
can be rotated with respect to the other so as to threadedly mate the first shatt 240 with the
second shaft 242 1n the second channel 262. It 1s appreciated that the first shaft 240 can be
threadedly advanced in the second channel 262, thereby applying compression to each of the first
and second 1llum bones 33a and 33b toward the other of the first and second 1ltum bones 33a and
33b.

[0063] Referring now to Figs. 2 and 7A-C, and as described above, the sacral fixation
system 30 can include a drilling instrument configured to create the bore holes 1n either or both
of the first and second bone locations 31a and 31b. The sacral fixation system 30 can further
include a targeting device 34 that can be configured as an alignment guide 300 configured to
oguide the guide wire 44 through the first and second bone locations 31a and 31b. The alignment
ouide 300 can include a support base 302, and a positionally adjustable arm 304. The alignment
guide 300 can further include an elongate guide member 306 that defines a proximal end 306a
and a distal end 306b spaced from the proximal end along a central axis, that 1s configured to be
coincident with the first and second central axes of the implant segments described above. The
alignment guide 300 can define a channel 307 that extends through the guide member 306 from
the proximal end 306a to the distal end 306b. The central axis of the guide member 306 can
define the central axis of the channel 307. The guide member 306 includes a radio opaque
marker 308 at the proximal end 306a. For instance, the radio-opaque marker 308 can be
configured as an annular ring that receives the proximal end 306a. The guide member 306 can
further include a radio-opaque tip 310 that extends from the distal end 306b. The channel 307
can further extend through the tip 310 and the marker 308. The tip 310 can include one or more

tecth 311 configured to embed into either or both of the first and second bone locations 31a and
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31b. The guide member 306 can be supported by the adjustable arm 304 so as to be positionally
adjustable, as will now be described.

[0064] In particular, 1t 1s recognized that 1t 1s desirable for the central axis of the guide
member 306 to be aligned with the first and second bone locations 31a and 3 1b, such that the
bore holes through either or both of the first and second bone locations 31a and 31b are properly
oriented and positioned. Thus, the guide member 306 1s configured to provide an indication as to
whether the central axis 1s aligned with the first and second bone locations 31a and 31b on a
radiographic image 312. The radiographic image, for instance, can be an X-Ray. In this regard,
it 1s recognized that a visual inspection of the tip 310 might initially appear to be aligned with the
first and second bone locations 31a and 31b, even though the central axis of the guide member
306 1s not 1n alignment with the first and second bone locations 31a and 31b. The radio-opaque
marker 308 and the radio-opaque tip 310 are configured to be disposed 1n a predetermined
position with respect to each other in the radiographic image 312, indicating that the radio-
opaque marker 308 and the radio-opaque tip 310 are aligned with each other. Accordingly, when
the radio-opaque marker 308 and the radio-opaque tip 310 are aligned with each other on the
radiographic image 312, and the channel 307 1s aligned with each of the first and second bone
locations 31a and 31b, then 1t can be concluded that the central axis of the guide member 306 18
aligned with the first and second bone locations 31a and 31b. For instance, the predetermined
position between the radio-opaque marker 308 and the radio-opaque tip 310 can be a concentric
relationship. In one example, the tip 310 can be concentrically disposed within the radio-opaque
marker 308.

[0065] If the radio-opaque marker 308 and the radio-opaque tip 310 are not aligned
with each other on the radiographic image 312, the guide member 306 can be positionally
adjusted until the radio-opaque marker 308 and the radio-opaque tip 310 are aligned with each
other. If the radio-opaque marker 308 and the radio-opaque tip 310 are aligned with each other,
but the central axis or channel 307 1s not aligned with each of the first and second bone locations
31a and 31b, the guide member 306 can be positionally adjusted until the radio-opaque marker
308 and the radio-opaque tip 310 are aligned with each other, and the central axis or channel 307
are aligned with each of the first and second bone locations 31a and 31b. Next, the teeth 311 can
be anchored 1n either of the first and second bone locations 3 1a while the guide member 306 1s 1n
the aligned configuration. The guide wire 44 can then be introduced through the channel 307
and through the first and second bone locations 31a and 31b alone or in combination with the

sacrum S as desired. In this regard, 1t should be appreciated that the guide wire 44 can include a
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cutting tip configured to cut through the first and second bone locations 31a and 31b, alone or 1n
combination with the sacrum S as desired.

[0066] Once the guide wire 44 1s 1n place, a drill can be guided along the guide wire so
as to create the bore holes 1n the first and second bone locations 31a and 31b, alone or in
combination with the sacrum S as desired. The bore holes may be drilled with the same drill bit
in a single drilling step, for instance 1f the maximum outer cross-sectional dimensions of the first
and second shafts are substantially the same, or 1n separate drilling steps, which can be with
different drill bits 1f the maximum cross-sectional dimensions of the first and second shafts are
different than each other. The above steps can be repeated to produce as many bore holes 1n the
first and second bone locations 31a and 31b as desired. The drill bit 1s removed leaving the bone
prepared for msertion of one or more of the bone fixation implants 32. Alternatively still, as
described above, either or both of the first and second 1implant segments 36 and 38 can be self-
drilling.

[0067] The sacral fracture can be reduced prior to msertion of the one or more of the
bone fixation implants 32, particularly when none of the bone fixation implants 32 are
configured to achieve compression of the first and second 1lilum bones 33a and 33b toward each
other. Alternatively or additionally, at least one of the bone fixation implants 32 can be
configured to achieve compression of the first and second 1lilum bones 33a and 33b toward each
other, as described above.

[0068] The foregoing description 1s provided for the purpose of explanation and 1s not
to be construed as limiting the invention. While various embodiments have been described with
reference to preferred embodiments or preferred methods, 1t 1s understood that the words which
have been used herein are words of description and illustration, rather than words of limitation.
Furthermore, although the embodiments have been described herein with reference to particular
structure, methods, and embodiments, the invention 1s not intended to be limited to the
particulars disclosed herein. For instance, 1t should be appreciated that structure and methods
described 1n association with one embodiment are equally applicable to all other embodiments
described herein unless otherwise indicated. Those skilled 1n the relevant art, having the benefit
of the teachings of this specification, may etfect numerous modifications to the invention as
described herein, and changes may be made without departing from the spirit and scope of the

invention, for instance as set forth by the appended claims.
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AMENDED CLAIMS
received by the International Bureau on 21 December 2015 (21.12.2015)

1. A sacral fixation system comprising:

a first implant segment having a first shaft sized to be inserted through a first bone
location, the first implant segment defining a first proximal end and a first distal end opposite the
tfirst proximal end, a first abutment surface that extends out from the first shatt and 1s contigured
to abut the first bone location so as to prevent further insertion of the first shatt through the first
bone location, wherein the tfirst implant segment detines a first channel that extends through the
tirst shatt from the first proximal end to the first distal end; and

a second implant segment having a second shaft sized to be inserted through a second
bone location, the second implant segment defining a second proximal end and a second distal
end opposite the second proximal end, and a second abutment surface that extends out from the
second shatt and 1s configured to abut the second bone location so as to prevent further insertion
of the second shatt through the second bone location, wherein at least the second distal end 1s
s1zed to be received 1n the first channel at a location between the first and second bone locations;
and

at least one locking member configured to fix the first and second implant segments with
respect to movement of the first and second implant segments away trom each other, wherein the
at least one locking member 1s separate from each ot the first and second implant segments, and
does not extend through the first and second shatts from the first proximal end to the second

proximal end.

2. The sacral fixation system as recited 1n claim 1, wherein each ot the first and second
distal ends 1s serrated so as to define a respective cutting surtface contigured to drill a bore hole

through the first and second bone locations, respectively.

3. The sacral fixation system as recited 1n any one of the preceding claims, wherein the
second 1mplant segment defines a second channel that extends from the second proximal end to
the second distal end, and the sacral fixation system fturther comprises a guide wire sized to
extend through each of the first and second bone locations, such that the first and second
channels are configured to receive the guide wire as the first and second shafts are inserted
through the first and second bone locations, respectively, and

the sacral fixation system further comprising first and second locking members, the first
locking member configured to secure the first shatt to the guide wire at least with respect to

movement of the first shatt in the second direction, and the second locking member configured to
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secure the second shatt to the guide wire at least with respect to movement of the second shatt in

the first direction.

4. The sacral fixation system as recited in claim 3, wherein at least one of the first and
second locking members comprises a locking cap having a tlexible wall that 1s configured to

compress against the guide wire in response to a compression torce applied to the tlexible wall.

J. The sacral fixation system as recited in claim 4, wherein the locking cap 1s sized to be at
least partially received 1n an aperture that extends through the respective at least one of the first
and second proximal ends, such that an inner surtace that defines the aperture 1s configured to

apply the compression torce to the tlexible wall as the locking cap 1s inserted into the aperture.

0. The sacral fixation system as recited 1 any one ot claims 3 to 4, wherein the guide wire
1s threaded, and at least one of the first and second locking members comprises a locking nut that
1s mternally threaded and thredable onto the guide wire so as to abut a respective one of the first
and second shatts, and apply a torce against the respective one of the first and second shatts that
urges the respective one of the first and second shafts toward the other ot the first and second

shafts.

7. The sacral fixation system as recited 1n any one ot claims 3 to 6, wherein a first one of the
tfirst and second locking members comprises the locking cap, and a second one of the first and

second locking members comprises the locking nut.

3. The sacral fixation system as recited 1 any one of claims 1 to 2, wherein the second
implant segment defines a second channel that extends at least into the second distal end along a
direction toward the second proximal end, and the at least one locking member comprises a
fixation member having a fixation head and a fixation shaft that extends from the fixation head,
the fixation shaft contigured to be inserted through the first proximal end so as to attach to the

second shaft in the second channel.

9. The sacral fixation system as recited in claim 8, wherein the second shatt defines an outer
surface opposite the mner surface, and the outer surtace defines a keyed surtace contigured to
abut a keyed surtace of the first shaft in the first channel so as to prevent the first and second

channels rotating with respect to each other.
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10. The sacral fixation system as recited in claim 9, wherein the tfixation member defines an
aperture that extends through a wall of the first shatt into the first channel, the aperture
configured to receive a locking pin that 1s contigured to secure the first and second shatts to each

other with respect to relative rotation.

11. The sacral fixation system as recited i claim 10, wherein the first proximal end 1s
threaded, and the fixation head 1s threaded, such that the fixation head 1s configured to

threadedly mate with the first proximal end.

12. A sacral fixation system comprising:

a first implant segment having a first shatt sized to be inserted through a first bone
location, the first implant segment defining a first proximal end and a tirst distal end opposite the
first proximal end, a first abutment surface that extends out from the first shatt and 1s configured
to abut the first bone location so as to prevent further msertion of the first shatt through the first
bone location, wherein the tfirst implant segment detines a first channel that extends through the
tirst shaft from the first proximal end to the first distal end; and

a second 1mplant segment having a second shaft sized to be inserted through a second
bone location, the second implant segment defining a second proximal end and a second distal
end opposite the second proximal end, and a second abutment surtace that extends out from the
second shaft and 1s configured to abut the second bone location so as to prevent further insertion
of the second shaft through the second bone location, wherein at least the second distal end 1s
s1zed to be recerved 1n the first channel at a location between the first and second bone locations:
and

a fixation mechanism separate from each of the first and second implant segments,
wherein the fixation mechanism 1s configured to fix the first implant to the second implant via a
threaded engagement, such that the first and second implant segments are tfixed to each other at
least with respect to movement away from each other,

wherein the fixation mechanism comprises a guide wire and first and second locking
members, the first locking member 1s configured to fix the first implant segment to the guide
wire at least with respect to movement of the first implant segment 1n the second direction, and
the second locking member contigured to fix the second implant segment to the guide wire at

least with respect to movement ot the second shatt in the first direction.
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13. The sacral fixation system as recited in claim 12, wherein at least one of the first and
second locking members comprises a locking cap having a tlexible wall that 1s configured to
compress against the guide wire 1in response to a compression torce applied to the tlexible wall,
wherein the locking cap 1s sized to be at least partially received 1n an aperture that
extends through the respective at least one ot the first and second proximal ends, such that an
inner surface that defines the aperture 1s configured to apply the compression force to the tlexible

wall as the locking cap 1s inserted nto the aperture.

14. The sacral fixation system as recited i claim 13, wherein an outer surface of the flexible
wall and the mner surface are threaded and configured to threadedly mate with each other when

the locking cap 1s inserted into the aperture.

15. The sacral fixation system as recited i any one of claims 12 to 13, wherein the guide
wire 18 threaded, and at least one of the first and second locking members comprises a locking
nut that 1s internally threaded and thredable onto the guide wire so as to abut a respective one ot
the first and second shatts, and apply a force against the respective one of the first and second
shafts that urges the respective one of the first and second shatts toward the other of the first and

second shafts.

16. The sacral fixation system as recited i claim 12, wherein the second implant segment
defines a second channel that extends at least into the second distal end along a direction toward
the second proximal end, and the fixation mechanism includes a fixation member having a
fixation head and a fixation shaft that extends from the fixation head, the fixation shaft
configured to be inserted through the first proximal end so as to attach to the second shatt in the
second channel, and

wherein the first proximal end 1s threaded, and the fixation head 1s threaded, such that the

fixation head 1s configured to threadedly mate with the first proximal end.

17. The sacral fixation system as recited in claim 16, wherein the second channel extends
from the second proximal end to the second distal end, and the sacral fixation system further
comprises a guide wire sized to extend through each ot the first and second bone locations, such
that the tirst and second channels are contigured to receive the guide wire as the first and second

shafts are inserted through the first and second bone locations, respectively, and
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wherein the fixation member 1s cannulated such that the fixation member 1s contigured to
receive the guide wire as the fixation shaft 1s inserted through the first proximal end so as to

attach to the second shaft in the second channel.

13. The sacral fixation system as recited i any one of claims 12 to 17, wherein the first
abutment surface 1s defined by a washer that defines an opening extending therethrough in a first
direction, the opening sized to receive the first shaft, the washer having a tirst end having a first
thickness and a second end having a second thickness greater than the first thickness, wherein the

tfirst and second ends are on opposite sides of the opening.

19. A sacral fixation system comprising:

a first implant segment having a first shatt sized to be inserted through a first bone
location, the first implant segment defining a first proximal end and a tirst distal end opposite the
first proximal end, a first abutment surface that extends out from the first shatt and 1s configured
to abut the first bone location so as to prevent further insertion of the first shatt through the first
bone location, wherein the tfirst implant segment detines a first channel that extends through the
tirst shatt from the first proximal end to the tfirst distal end;

a second implant segment having a second shaft sized to be inserted through a second
bone, the second implant segment defining a second proximal end and a second distal end
opposite the second proximal end, and a second abutment surface that extends out from the
second shaft and 1s configured to abut the second bone location so as to prevent further insertion
of the second shaft through the second bone location, wherein the second implant segment
defines a second channel that extends at least into the second distal end toward the second
proximal end, and at least the second distal end 1s sized to be received 1n the tirst channel at a
location between the first and second bone locations; and

a fixation member having a fixation head and a fixation shaft that extends from the
fixation head, the fixation shatt configured to be imserted through the first proximal end so as to

attach to the second shaft in the second channel.

20). The sacral fixation system as recited in claim 19, wherein the second shaft defines an
inner surface that defines the second channel, at least a portion of the inner surtace 1s threaded,
and at least a portion of the tfixation shaft 1s threaded, such that the fixation shatt 1s configured to

threadedly mate with the inner surtace in the second channel, and
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wherein the first proximal end 1s threaded, and the fixation head 1s threaded, such that the
fixation head 1s configured to threadedly mate with the first proximal end as the fixation shatt

threadedly mates with the mner surface in the second channel.

21. The sacral fixation system as recited 1in any one of claims 19 to 20, wherein the second
channel extends from the second proximal end to the second distal end, and the sacral fixation
system further comprises a guide wire sized to extend through each ot the first and second bone
locations, such that the first and second channels are configured to receive the guide wire as the

first and second shatts are inserted through the first and second bone locations, respectively.

22. The sacral fixation system as recited m claim 21, wherein the fixation member 1s
cannulated such that the fixation member 1s configured to receive the guide wire as the fixation
shaft 1s inserted through the first proximal end so as to attach to the second shaft in the second

channel.

23. The sacral fixation system as recited mn claim 22, wherein the guide wire 1s removable
through the first channel, second channel, and the fixation member after the fixation member has

fixed the first shaft to the second shatft.

24. The sacral fixation system as recited in claim 19, wherein the second shaft defines an
outer surface opposite the inner surtace, and the outer surtace defines a keyed surtace contigured
to abut a keyed surtace of the first shatt in the first channel so as to prevent the first and second
channels rotating with respect to each other, and

wherein the first fixation member defines an aperture that extends through a wall ot the
tirst shaft into the tfirst channel, the aperture contigured to receive a locking pin that 1s

configured to secure the first and second shatts to each other with respect to relative rotation.

23. The sacral fixation system as recited 1 any one of claims 19 to 24, wherein at least one
of the first and second abutment surfaces 1s detined by a washer that defines an opening
extending therethrough in a first direction, the opening sized to receive a respective one of the
tfirst and second shatts, the washer having a first end having a first thickness and a second end
having a second thickness greater than the first thickness, wherein the tirst and second ends are

on opposite sides of the opening.
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