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surgical site and to further keep the instrument in the proper orientation for desired
implant site preparation.

[0189] One or more impactors, such as impactor 136 shown in FIG. 26, may be
included in the surgical implements, as well. The impactor may have a cylindrical
proximal end, like a hammer. The impactor may be included in the set to facilitate
secondary impaction and movement of a fusion implant and, optionally, to advance
bone-fusion promoting materials in the SI joint in front of and/or behind the implant to
better prepare the surgical site and to promote fusion of the SI joint. The impactor may
have an outer diameter, as seen in FIG. 26, that matches the inner diameter of a working
channel (e.g., working channels 239, 339, and 350) to keep the instrument directed in an
axial plane for desired surgical site preparation.

[0190] Inserters for fusion devices may be included in the set to facilitate delivery
of implants or grafts into the sacroiliac joint and into the ilium and sacrum. Without
limiting the invention, FIG. 38 shows an exemplary fusion inserter 147 can be used to
deliver a fusion implant of desired materials such as PEEK, metal or biologic material
into the surgical site. As seen in FIG. 38, the inserter may have a thumbwheel 148 that is
attached to a spring element 150. When thumbwheel 148 is tightened, spring element
150 may be tightened down onto an fusion implant to keep the implant from disengaging
from the inserter during implantation. Fork arms 149 may enter recesses on a proximal
end of the fusion implant to keep the implant from losing its desired orientation during
insertion. Upon desired placement of the fusion implant, thumbwheel 148 may be

loosened and the spring element 150 detaches from the implant, leaving the implant in

43

Petitioner's Ex. 1013
Page 300



10

15

20

the desired position. Without limiting the invention, FIG. 39 shows an inserter 147
engaged with an exemplary fusion implant 151. In this example, and without limitation,
the implant 151 has notices on the lateral sides thereof that may be engaged by the fork
arms of inserter 147.

[0191] The inserter 147 may have an outer diameter as seen in FIG. 38, that
matches the inner diameter of a working channel (e.g., working channels 239, 339, and
350) to keep the inserter directed in an axial plane for desired implant preparation. The
inserter may have a timing feature 150 that mates with a female timing feature (e.g.,
timing feature 146 or 346) on the inside of a working channel (e.g., working channels
239, 339, and 350) to keep the instrument from traveling too far into the surgical site and
to further keep the instrument in the proper orientation for desired implant site
preparation.

[0192] Instrument kit of the present invention may additionally include a driver
(e.g., a manual or electrically powered driver, etc.) for inserting joint fixation devices,
such as surgical screws, into bone tissue in the articular surfaces of the SI joint and/or
into the bone tissue of the ilium and sacrum without the fusion device traversing the SI
joint. For example, a bone screw 158 (e.g., a compression screw) may passed through a
working channel positioned over an iliac wing and driven through the ilium and sacrum
with fixation device driver 125. In other examples, surgical screws 603 and 604 shown
in FIGS. 59-61 may be inserted through a working channel over the SI joint and passed
into fusion implant 600 at an oblique angle by a special driver having a universal joint or

a flexshaft (not shown) that is operable drive the screws into the articular surfaces of the
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sacrum and ilium at oblique angles in order to secure the fusion implant 600 in the SI
joint.

[0193] The surgical kits of the present invention may also include one or more of
the joint fusion implants disclosed herein, and a particular kit may include an exposure
device having an internal cross-section that corresponds to a shape of the one or more
joint fusion implants that are included in the kit. The surgical kits may also include one
or more joint fixation devices (e.g., surgical screws) for fixing the ilium and sacrum
together.

[0194] It is to be appreciated that additional surgical tools or implements may be
used with the present working channels, and that the invention is not limited to use of the

implements described in this section.

Fusion Implants
[0195] The present invention also relates to fusion implants that include fixation
element(s) that mechanically secure and compress the SI joint, and deliver bone-growth
promoting material into the SI joint to facilitate the formation of a contiguous piece of
bone from the sacrum to the ilium. The fusion implants of the present invention may be
applied to the sacroiliac joint through the novel exposure devices described herein. The
novel posterior exposure devices and the combined fixation and stability, compression,
and fusion functionalities of the fusion implants of the present invention may allow for
posterior approach that may eliminate the need for patient repositioning or further

incisions, resulting in less surgery time, less morbidity, and improved recovery time for
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the patient. Thus, the surgical methods and fusion implants of the present invention
allow for a minimally invasive methodology.

[0196] To create fixation, stability, and compression from a posterior implant in
the sacroiliac joint, the fusion implants of the present invention draw together, connect,
and hold the articular surfaces of both the sacrum and ilium together, while stimulating a
fusion of the articular surfaces. The joint fusion device may create stress and pressure on
the bone tissue by mechanically drawing the bones together, and may thereby utilize bone
remodeling (e.g., as according to Wolff’s Law) to promote stable and robust bone fusion
in the targeted joint. The various embodiments of the fusion implants of the present
invention all contain mechanisms that connect both the sacrum and the ilium
independently, while using a body thereof to bridge across the two bones for a fusion site.
Each of the various embodiments of the fusion implant may include a channel or cavity
that may be used to hold bone-growth stimulating materials in the form of autologous
bone, allograft, BMP, etc.

[0197] In some embodiments of the fusion implant, and without limitation, the
fusion implant may have one or more helical anchors for insertion into bone tissue. In
such embodiments, the fusion implant may also include a channel or cavity for holding
bone growth-enhancing material for promoting fusion of adjacent bones held together by
the fusion implant. For example, and without limitation, a fusion implant may include a
single helix or multiple helices (e.g., 2 or 3 helices) that may be concentric and/or
interwoven. In some embodiments, and without limitation, the helical path of the helical

fixation anchors may have a uniform diameter from their proximal end to the distal end
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thereof. However, in other embodiments, and without limitation, the helical path of the
helical fixation anchors may taper outward or inward from the proximal end to the distal
end of the helical path to create a conical shape to the helical path.

[0198] Without limiting the invention, FIGS. 49-51 show an exemplary fusion
implant 400 having two helical anchors. The implant 400 has a body 401 attached to
two helical anchors 403 and 404, which may be concentric and interwoven. Each of the
helical anchors 403 and 404 may have a distal cutting edge 405 that may be operable to
penetrate bone tissue in joint targeted for fusion. The distal cutting edges of each of the
helical anchors 403 and 404 may be on opposite sides of the fusion implant 400 such that
as the implant is advanced into the SI joint, the helical anchor 403 engages the ilium and
helical anchor 404 engages the sacrum. The body 401 of the fusion implant 400 may
have notches or slots 402 in a perimeter thereof that may be engaged by a fusion implant
inserter or driver as described herein (e.g., by fork arms 149). The implant 400 may have
a outer diameter in a range of about 8 mm to about 20 mm (e.g., about 12 mm to about 18
mm, or any other value or range of values therein). The implant may be paired with a
exposure device having a hollow barrel with an internal cross-section that corresponds to
the diameter and cross-sectional shape of the implant.

[0199] In other embodiments, and without limitation, the fusion implant may
have a single helix attached to the body of the fusion implant. For example, and without
limitation, FIGS. 52-54 illustrate an exemplary fusion implant 400a that may include a
single helical anchor 403a. The fusion implant 400a has a body 401a attached to the

helical anchor 403a, which may have a distal cutting edge 405a that may be operable to
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penetrate bone tissue in joint targeted for fusion. After being inserted into the SI joint the
body 401a may be rotated in a range of about 180° to about 360° (e.g. about 270°, or any
value or range of values therein) such that helical anchor 403a may engage the articular
surfaces of both the ilium and the sacrum so that the fusion implant can compress the
bones together and stabilize the SI joint. The body 401a of the fusion implant 400a may
have notches or slots 402a in a perimeter thereof that may be engaged by a fusion implant
inserter or driver as described herein (e.g., by fork arms 149).

[0200] The process of inserting and advancing the fusion implant 400 (or 400a, or
other related embodiments) may be performed by one or more tools that engage the
notches or slots 402 (or 402a). An inserter (e.g., inserter 147) may be used to initially
place the fusion implant 400 (or 400a, or other related embodiment) in a desired position
between the sacrum and ilium, and the inserter may be subsequently rotated to engage the
helical anchors with the bone tissue of the articular surfaces of the sacrum and ilium. For
example, and without limitation, a driving tool may be attached to the inserter to aid in
rotating the inserter. As the fusion implant is rotated, the sacrum and ilium bones may be
pulled towards each other and the sacroiliac joint may be compressed and stabilized.
Cutting edges 405 may be pierce the bone tissue (e.g., cortical and/or cancellous/spongy
bone tissue) of the sacrum and ilium. As shown in FIGS. 49-50, but without limitation,
the cutting edges 405 of the helical anchors 403 and 404 are aligned with the notches 402
for receiving the inserter tool. This alignment may be included in order to position the
cutting edges in a precise position within the joint. For example, the alignment allows

the surgeon to control insertion of the cutting edges such that the cutting edge of one of
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the helical anchors is positioned at the targeted articular surface of the sacrum and the
cutting edge of the other helical anchor is positioned at the targeted articular surface of
the ilium. In such implementations, the position of the cutting edges can be controlled by
the aligning the inserter with the plane of the joint (the plane between the articular
surfaces), and thereby placing the cutting edges in close proximity to the targeted
articular surfaces such that they engage and penetrate the articular surfaces immediately
upon rotation of the inserter. Other embodiments of the fusion implant (e.g., those
having a single helical anchor, or flukes, claws, etc.) may also be inserted such that the
portion of the fusion implant for engaged with the bone tissue is positioned adjacent to
the targeted articular surface when inserted into the joint and prior to rotation of the
implant.

[0201] In some implementations, and without limitation, surgical tools (e.g., a
drill, chisel, rasp, etc.) may be used to remove cortical tissue from the targeted articular
surfaces of the sacrum and ilium to prepare (“prep”) the articular surfaces for engagement
with the fusion implant before the fusion implant is inserted into the joint, allowing the
helical anchors of the fusion implant to more easily pierce the bone tissue of the sacrum
and ilium. In such implementations, and without limitation, the fusion implant may be
inserted into the joint such that the cutting edges of the fusion implant may be aligned
with and adjacent to the prepped articular surfaces.

[0202] In some implementations, and without limitation, the fusion implant may
include a cannulated channel or cavity that allows for the addition of bone growth-

stimulating materials into the targeted joint. For example, and without limitation, the
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fusion implant 400 (or 400a, or other related embodiment) may include a cannulated
channel (e.g., 406) running from a central hole in the proximal end of body (e.g., 401)
through the one or more helical anchors (e.g., 403 and 404) to the distal end(s) of the one
or more helical anchors (e.g., 403 and 404). The cannulated channel may be packed with
bone growth-stimulating materials (e.g., autologous bone, allograft, BMP, etc.) to
stimulate bone growth across the fusion implant and the joint that may lead to fusion of
the sacrum and ilium. Without limiting the invention, the bone growth-stimulating
materials may be inserted into the channel through a proximal hole in the body after the
fusion implant is set into desired operative position. In other implementations, the bone
growth-stimulating materials may be present in the channel prior to insertion of the
fusion implant into the SI joint.

[0203] As an example, and without limitation, FIG. 50 provides a side view of the
fusion implant 400 in which the length of the cannulated channel 406 can be seen running
from the proximal hole in the body 401 to the distal ends of the helical anchors 403 and
404. FIG. 51 provides a bottom view of the implant 400 and shows the complete
cannulated channel 406 and the concentric and interwoven pattern of the helical anchors
403 and 404. However, it should be understood that the present invention is not limited
to the particular arrangement of the exemplary helical anchors 403 and 404 in FIGS. 49-
51. For example, and without limitation, FIG. 53 provides a side view of fusion implant
400a in which the length of cannulated channel 406a can be seen running from a
proximal hole in the body 401 to the distal end of the helical anchor 403a. FIG. 54

provides a bottom view of fusion implant 400a showing the complete cannulated channel
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406a.

[0204] FIG. 55 displays the fusion implant 400 in its desired operative position in
the sacroiliac joint 102, where helical anchors 403 is engaged with the ilium 200 and
anchor 404 is engaged with the sacrum 101. The implant may create stability and
fixation across the joint, compression in the joint, and bone growth-promoting material
can be added to the cannulated channel 406 to aid in fusion of the sacrum and ilium at the
site of the fusion implant. It is to be understood that other related embodiments (e.g.,
fusion implant 400a) may be placed in the joint in the same manner. It is also to be
understood that multiple fusion implants may be placed into the sacroiliac joint from the
posterior approach. For example, and without limitation, the double-barreled exposure
device 295 shown in FIGS. 118-119, which has two side by side (e.g., parallel) working
channels may be used to introduce two fusion implants into the SI joint.

[0205] In other embodiments of the fusion implant, and without limitation, the
fusion implant may have a central body with flukes, claws, hooks, or other bone engaging
structures attached thereto. Additionally, the central body may have a channel or cavity
in which bone growth-enhancing materials may be included. Without limiting the
invention, FIGS. 56-57 show an exemplary embodiment of a fusion implant 500 having
lateral flukes 503 and 504 for engaging with the targeted articular surfaces of the SI joint.
Each of the lateral flukes 503 and 504 may have a distal hooking ends 505 that may be
operable to penetrate bone tissue in joint targeted for fusion. The distal cutting edges of
each of the lateral flukes 503 and 504 may be on opposite sides of the fusion implant 500

such that as the fusion implant is advanced into the SI joint, the lateral fluke 503 engages
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the ilium and lateral fluke 504 engages the sacrum. The proximal end of the body 501 of
the fusion implant 500 may have notches or slots 502 in a perimeter thereof that may be
engaged by a fusion implant inserter or driver as described herein (e.g., by fork arms
149). The notches or slots 502 may allow the inserter to turn the fusion implant 500 (e.g.,
in a clockwise direction) to allow for the lateral flukes 503 and 504 to pull the sacrum
and ilium towards each other, creating compression. The implant 500 may have a
minimum (smallest) outer diameter in a range of about 8 mm to about 20 mm (e.g., about
12 mm to about 18 mm, or any other value or range of values therein), and a maximum
(largest) outer diameter in a range of about of about 12 mm to about 40 mm (e.g., about
15 mm to about 30 mm, or any other value or range of values therein). The implant may
be paired with an exposure device having a hollow barrel with an internal cross-section
that corresponds to the outer diameters and cross-sectional shape of the implant.

[0206] The fusion implant 500 may include a cannulated channel or cavity 506
that allows for the addition of bone growth-stimulating materials into the targeted joint.
For example, and without limitation, the fusion implant 500 includes cannulated channel
506 running from a central hole in the proximal end of body 501 a distal hole 508 in the
body 501. The cannulated channel 506 may be packed with bone growth-stimulating
materials (e.g., autologous bone, allograft, BMP, etc.) to stimulate bone growth across the
fusion implant and the joint that may lead to fusion of the sacrum and ilium. The body
501 may have a number of fenestrations 507 therein to allow for lateral bone growth
through the implant, which may result in a stable fusion site between the sacrum and

ilium. Without limiting the invention, the bone growth-stimulating materials may be
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inserted into the channel 506 through the proximal hole in the body 501 after the fusion
implant 500 is set into desired operative position. In other implementations, the bone
growth-stimulating materials may be present in the channel 506 prior to insertion of the
fusion implant 500 into the SI joint.

[0207] The process of inserting and advancing the fusion implant 500 may be
performed by one or more tools that engage the notches or slots 502. An inserter (e.g.,
inserter 147) may be used to initially place the fusion implant 500 in a desired position
between the sacrum and ilium. Without limiting the invention, FIG. 54 shows the fusion
implant 500 having a self-distracting bullet nose 509. The bullet nose may have a round
geometry and/or a tapered rounded profile that is operable to distract the SI joint with
minimal damage to soft and connective tissue in and around the posterior side of the SI
joint. The bullet nose 509 may facilitate entry into the sacroiliac joint prior to the lateral
flukes 503 and 504 being rotated into place in the sacrum and ilium. The sloped bullet
nose 509 and the inserter may be subsequently rotated to engage the lateral flukes 503
and 504 with the bone tissue of the articular surfaces of the sacrum and ilium. As the
fusion implant 500 is rotated, the sacrum and ilium bones may be pulled towards each
other and the sacroiliac joint may be compressed and stabilized. Hooking ends 505 may
pierce the bone tissue (e.g., cortical and/or cancellous/spongy bone tissue) of the sacrum
and ilium. As shown in FIGS. 56-57, but without limitation, the lateral flukes 503 and
504 may be aligned with the notches 502 for receiving the inserter tool. This alignment
may be included in order to position the cutting edges in a precise position within the

joint (e.g., with the lateral flukes aligned with the plane of the joint between the articular
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surfaces such that the hooking ends are positioned at the targeted articular surfaces).
[0208] As discussed above, and without limiting the invention, the working
channel through which the implant is passed into the SI joint may have an oblong cross-
sectional shape or slots running along its length for accommodating the lateral flukes of
the implant. For example, and without limitation, the channel may have a hollow barrel
with slots may be separated by about 180° along the length of the working channel and
may have a shape that can accommodate the shape of the lateral flukes (e.g., a generally
rectangular shape that is sufficiently large to accommodate the shape of the lateral
flukes).

[0209] FIG. 58 displays the implant 500 in a desired operative position in the
sacroiliac joint 102, where lateral fluke 503 is engaged with the ilium 200 and lateral
fluke 504 is engaged with the sacrum 101. The implant may create stability and fixation
across the joint, compression in the joint, and bone growth-promoting material can be
added to the cannulated channel 506 to aid in fusion of the sacrum and ilium at the site of
the fusion implant.

[0210] In other embodiments of the fusion implant, and without limitation, the
fusion implant may have a box-like open body having holes therein for receiving one or
more surgical screws for attaching the fusion implant to the sacrum and/or ilium. Without
limiting the invention, FIGS. 59-61 show an exemplary embodiment of a fusion implant
600 having a box-like body 601 having holes 602a and 602b in a proximal end thereof for
receiving surgical screws 603 and 604 for engaging with the targeted articular surfaces of

the SI joint and holding the fusion implant 600 in place within the SI joint. The body 601
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may be designed such that a central plane of the body 601 bisecting the proximal end of
the body 601 and bisecting screw holes 602a and 602b may be roughly aligned with the
plane of the SI joint between the articular surfaces when the fusion implant is inserted
into the SI joint. The box-like geometry of the fusion implant 600 may resist torsional
stress applied by movement of the SI joint. The implant 600 may have a minimum
(smallest) outer diameter in a range of about 8 mm to about 20 mm (e.g., about 12 mm to
about 18 mm, or any other value or range of values therein), and a maximum (largest)
outer diameter in a range of about of about 12 mm to about 40 mm (e.g., about 15 mm to
about 30 mm, or any other value or range of values therein). The implant may be paired
with an exposure device having a hollow barrel with an internal cross-section that
corresponds to the outer diameters and cross-sectional shape of the implant.

[0211] The screw holes 602a and 602b may be angled obliquely with respect to
the central plane of the body 601. For example, and without limitation, hole 602a may
run obliquely toward a first lateral side of the central plane, and hole 602b may run
obliquely toward a second (and opposite) lateral side of the central plane. This
arrangement allows the surgical screw 603 inserted through screw hole 602a to engage
one of the bones in the SI joint (e.g., the sacrum) and the surgical screw 604 inserted
through screw hole 602b to engage with the other bone in the SI joint (e.g., the ilium).
[0212] Without limiting the invention, the surgical screws 603 and 604 may be
self-drilling screws that can penetrate the bone tissue (e.g, cortical and/or
cancellous/spongy bone tissue) of the articular surface. The articular surfaces of the

sacrum and/or the ilium may be prepared for the insertion of the surgical screws by
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removing cortical tissue at the insertion point for the screws or pre-drilling holes for the
screws; in such embodiments, self-drilling screws may or may not be utilized. In some
implementations, the surgical screws may be doubled threaded screws that create
compression of the joints, which may draw the sacrum and ilium together as they are
advanced into the bone tissue. The screws may be driven into the bone tissue of the ilium
and sacrum by a driving device passed through the working channel positioned over the
ST joint, where the driving device has a universal joint or flex shaft (not shown) that
allows it to drive the screws into the ilium and sacrum at oblique angles.

[0213] The open body 601 of the implant 600 may have a cavity in which bone
growth-enhancing materials may be included. The fusion implant 600 may have an open
design, where there are no sidewalls closing off the cavity 606 to the articular surfaces of
the sacrum and ilium so that bone growth stimulating material that may be placed within
the cavity 606 may be in contact with the articular surfaces of the sacrum and ilium
within the joint to allow fusion growth across the SI joint. FIG. 61 shows a side view of
the fusion implant 600, in which it can be seen that the fusion implant 600 may have a
cavity 606 that is completely open on the lateral sides with no sidewalls to obstruct
contact between bone growth-stimulating materials in the cavity 606 and the articular
surfaces of the sacrum and ilium. As shown in FIG. 60, the fusion implant 600 may
further include openings 607 along the outer wall of the fusion implant to allow further
access to the bone growth-stimulating material in the cavity 606.

[0214] The process of inserting and advancing the fusion implant 600 may be

performed by one or more tools that advance the implant through a working channel, as
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described herein. An inserter (e.g., inserter 147) may be used to initially place the fusion
implant in a desired position between the sacrum and ilium. In some embodiments, and
without limitation, the fusion implant may include slots or notches on the proximal end
thereof (not shown), which the inserter can engage. In other embodiments, and without
limitation, the inserter may engage the lateral edges of the proximal end of the fusion
implant. Once the fusion implant 600 is placed in the targeted position in the SI joint,
the surgical screws 603 and 604 may be advanced through screw holes 602a and 602b,
respectively. As the surgical screws 603 and 604 are advanced into the bone tissue of the
sacrum and ilium, the sacrum and ilium bones may be pulled towards each other and the
sacroiliac joint may be compressed and stabilized. The surgical screws 603 and 604 may
pierce the bone tissue (e.g., cortical and/or cancellous/spongy bone tissue) of the sacrum
and ilium.

[0215] As discussed above, and without limiting the invention, the working
channel through which the implant is passed into the SI joint may have an oblong cross-
sectional shape or slots running along its length for accommodating the width of the
fusion implant 600. For example, and without limitation, the working channel may have
a hollow barrel having slots may be separated by about 180° along the length of the
working channel and may have a shape that may accommodate the shape of the body of
the fusion implant.

[0216] FIG. 62 displays the implant 600 in a desired operative position in the
sacroiliac joint 102, where surgical screw 603 may be engaged with the ilium 200 and

surgical screw 604 may be engaged with the sacrum 101. The implant may create
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stability and fixation across the joint, compression in the joint, and bone growth-
promoting material can be added to the cavity 606 to aid in fusion of the sacrum and
ilium at the site of the fusion implant.

[0217] In other embodiments of the fusion implant, and without limitation, the
fusion implant may have a box-like central body having laterally extending blades for
engaging the sacrum and/or ilium. Without limiting the invention, FIGS. 63-64 show an
exemplary embodiments of a fusion implant 700 having a box-like body 701 having
laterally extending blades 703 and 704 for engaging with the targeted articular surfaces of
the SI joint and holding the fusion implant 700 in place within the SIjoint. The body 701
may be designed such that a central plane of the body 701 bisecting the proximal end of
the body 701 may be roughly parallel or aligned with the plane of the SI joint between
the articular surfaces when the fusion implant 700 is inserted into the SI joint. The box-
like geometry of the fusion implant 700 may resist torsional stress applied by movement
of the SI joint. The implant 700 may have a minimum (smallest) outer diameter in a
range of about 8 mm to about 20 mm (e.g., about 12 mm to about 18 mm, or any other
value or range of values therein), and a maximum (largest) outer diameter in a range of
about of about 12 mm to about 40 mm (e.g., about 15 mm to about 30 mm, or any other
value or range of values therein). The implant may be paired with an exposure device
having a hollow barrel with an internal cross-section that corresponds to the outer
diameters and cross-sectional shape of the implant.

[0218] The lateral blades 703 and 704 may be angled obliquely with respect to

the central plane of the body 701. For example, and without limitation, blade 703 may
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run obliquely toward a first lateral side of the central plane, and blade 704 may run
obliquely toward a second (and opposite) lateral side of the central plane. This
arrangement allows the blade 703 to engage one of the bones in the SI joint (e.g., the
sacrum) and the blade 704 to engage with the other bone in the SI joint (e.g., the ilium).
The lateral blades may be separately formed or integral to the fusion implant 700. The
lateral blades may have an outer edge 705 for engagement with the bone tissue of the
sacrum or ilium. The outer edge may have varying geometry to facilitate entry into and
compression of the sacrum and ilium. In some implementations, and without limitation,
the outer edges of the lateral blades may have a sharp cutting edge which can penetrate
the bone tissue. In some implementations, and without limitation, the outer edges may be
serrated (e.g., with one or more kinds of teeth, such as triangular teeth, hook teeth, crown
teeth, etc.). The outer edge may facilitate penetration of the lateral blades into the bone
tissue (e.g., cortical and/or cancellous/spongy bone tissue) of the articular surfaces of the
ilium and sacrum when the fusion implant is advanced into the SI joint. In some
implementations, and without limitation, the articular surfaces of the sacrum and/or the
ilium may be prepared for the insertion of the lateral blades by removing cortical tissue at
the insertion point.

[0219] The body 701 of the implant 700 may have a cavity 706 in which bone
growth-enhancing materials may be included. The fusion implant 700 may have an open
design, where there are no sidewalls closing off the cavity 706 to the articular surfaces of
the sacrum and ilium so that bone growth stimulating material that may be placed within

the cavity 706 may be in contact with the articular surfaces of the sacrum and ilium
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within the joint to allow fusion growth across the SI joint. As shown in FIG. 64, the
fusion implant 700 may further include openings 707 along the outer wall of the fusion
implant to allow further access to the bone growth-stimulating material in the cavity 706.
The fusion implant 700 may include a central hole 708 in the proximal end of the body
701. The central hole 708 may allow for access into the cavity 706, allowing the bone
growth-stimulating materials to be inserted into the cavity 706 either before or after the
fusion implant 700 is set into desired operative position in the SI joint. In some
implementations, the bone growth-stimulating materials may be present in the cavity 706
prior to insertion of the fusion implant 700 into the SI joint. The design of fusion implant
700 (and other related embodiments) allows for bone graft to be placed pre-operatively as
the cavity 706 is not obscured by the lateral blades (bone anchoring mechanism).

[0220] The process of inserting and advancing the fusion implant 700 may be
performed by one or more tools that advance the implant through a working channel, as
described herein. An inserter (e.g., inserter 147) may be used to initially place the fusion
implant in a desired position between the sacrum and ilium. In some embodiments, and
without limitation, the fusion implant may include slots or notches on the proximal end
thereof (not shown), which the inserter can engage. In other embodiments, and without
limitation, the inserter may engage the lateral edges of the proximal end of the fusion
implant. The fusion implant 700 may be drive into place in the targeted position in the
ST joint by the inserter. As the fusion implant 700 is advanced into the SI joint, the lateral
blades 703 and 704 are driven into and penetrate the bone tissue of the sacrum and ilium,

and the blades 703 and 704 may act to draw in the sacrum and ilium bones and the
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sacroiliac joint may be compressed and stabilized. The lateral blades 703 and 704 may
pierce the bone tissue (e.g., cortical and/or cancellous/spongy bone tissue) of the sacrum
and ilium as the fusion implant is driven into the SI joint. In other implementations, and
without limitation, the inserter may be used to place the fusion implant 700 at the SI joint,
and subsequently an impactor or other driving tool may be used to drive the fusion
implant 700 into the bone tissue and into position in the SI joint.

[0221] As discussed above, and without limiting the invention, the working
channel through which the implant is passed into the SI joint may have a hollow barrel
having an oblong interior cross-sectional shape or slots running along its length for
accommodating the width of the fusion implant 700 and the lateral blades 703 and 704.
For example, and without limitation, a first set of slots may be separated by about 180°
along the length of the working channel and may have a shape that is complementary to
or large enough accommodate the shape of the fusion implant, and a second set of slots
may be separated by about 180° along the length of the working channel and may have a
shape may accommodate the shape of the lateral blades.

[0222] FIGS. 65-66 show a fusion implant 700a that is similar to implant 700 in
shape, size, and function, but the blades 703a and 703b of implant 700a are detachable
from the implant. As shown in FIG. 65, the lateral blades 703a and 703b are inserted into
slots 710a and 710b in the distal portion of the body 701a, respectively. This fusion
implant embodiment allows for the body 701a to be inserted into the SI joint prior to the
insertion of the blades 703a and 703b into the body 701a. This may allow the implant

700a to be inserted into the SI joint and the blades to be subsequently inserted into the
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slots 710a and 710b and engaged with the bone tissue of the ilium and sacrum without the
need for a specially shaped (e.g., oblong or slotted) working channel. The blades 703a
and 703b may be passed through the working channel and into slots 710a and 710b after
the body 701a has been positioned in the SI joint. An inserter and/or impactor or other
tools may be used to insert the blades 703a and 703b into the slots 710a and 710b and
into the bone tissue of the ilium and sacrum.

[0223] As shown in FIG. 66, the blades of implant 700a may include pressure
clips 711 that engage with slots 710a and 710b when the blades are inserted into the slots.
The pressure clips may lock the blades into the slots to help stabilize the fusion implant.
[0224] FIG. 67 displays the implant 700 (or implant 700a) in a desired operative
position in the sacroiliac joint 102, where lateral blade 703 is engaged with the ilium 200
and lateral blade 704 is engaged with the sacrum 101. The implant may create stability
and fixation across the joint, compression in the joint, and bone growth-promoting
material can be added to the cavity 706 to aid in fusion of the sacrum and ilium at the site
of the fusion implant.

[0225] In other embodiments of the fusion implant, and without limitation, the
fusion implant may have a box-like central body having a rotatable central axle with
lateral flukes thereon for engaging the sacrum and/or ilium as the central axle is rotated.
Without limiting the invention, FIGS. 68-69 show an exemplary embodiment of a fusion
implant 800 having a box-like open body 801 having a central axel 805 to which two
flukes 803 and 804 are attached for engaging with the targeted articular surfaces of the SI

joint and holding the fusion implant 800 in place within the SI joint. The flukes 803 and
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804 may engage with the articular surfaces of the sacrum and ilium, respectively, when
the central axis is rotated. The body 801 may be designed such that a central plane of the
body 801 bisecting the proximal end of the body 801 may be roughly parallel to or
aligned with the plane of the SI joint between the articular surfaces when the fusion
implant 800 is inserted into the SIjoint. The box-like geometry of the fusion implant 800
may resist torsional stress applied by movement of the SI joint. The implant 800 may
have a minimum (smallest) outer diameter in a range of about 8 mm to about 20 mm
(e.g., about 12 mm to about 18 mm, or any other value or range of values therein), and a
maximum (largest) outer diameter in a range of about of about 12 mm to about 40 mm
(e.g., about 15 mm to about 30 mm, or any other value or range of values therein). The
implant may be paired with an exposure device having a hollow barrel with an internal
cross-section that corresponds to the outer diameters and cross-sectional shape of the
implant.

[0226] Without limiting the invention, the flukes 803 and 804 may extend out
laterally from central rotating axis 805 at about 180° from each other. This arrangement
allows the fluke 803 to engage one of the bones in the SI joint (e.g., the sacrum) and the
fluke 804 to engage with the other bone in the SI joint (e.g., the ilium) as the central axle
805 is rotated. In other implementations, and without limitation, the flukes may have
other relative positions on the central axle. In still other implementations, and without
limitation, the fusion implant may have more than two flukes attached to the central axis
that may be arranged in various positions on the central rotating axle. Without limiting

the invention, the curvature of all of the flukes extending from the central axle may be
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oriented in either a clockwise or counterclockwise fashion when viewing the fusion
implant from the proximal end of the body (e.g., like the perspective of FIG. 69). The
consistent orientation of all of the flukes allows all of the hooks to engage (hook into) the
tissue in the SI joint as the central axle is rotated. In other implementations, and without
limitation, one or more of the flukes on the central axle may be obliquely oriented, which
may provide additional bite and purchase into the bone tissue. The hooking edge of the
hooks may have varying geometry to facilitate entry into and compression of the sacrum
and ilium. In some implementations, and without limitation, the hooking edges of the
flukes may have a sharp cutting edge which can penetrate the bone tissue. In some
implementations, and without limitation, the hooking edges may be serrated (e.g., with
one or more kinds of teeth, such as triangular teeth, hook teeth, crown teeth, etc.). The
hooking edges may facilitate penetration of the flukes into the bone tissue (e.g., cortical
and/or cancellous/spongy bone tissue) of the articular surfaces of the ilium and sacrum
when the central axle is rotated. In some implementations, and without limitation, the
articular surfaces of the sacrum and/or the ilium may be prepared for the insertion of the
surgical screws by removing cortical tissue at the insertion point.

[0227] The body 801 of the implant 800 may have a cavity 806 through which the
central axle 805 passes. The central axle may rotatably attach to both the proximal and
distal ends of the body 801, such that the central axle 805 may be rotated once the fusion
implant is inserted into the SI joint. The central axle 805 may be rotatable in either the
clockwise and/or the counterclockwise direction (e.g., from the perspective of FIG. 69).

In some implementations, and without limitation, the central axle 805 may be rotatable in
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only one direction, that being the direction that allows the hooks to bite into the bone
tissue in the SI joint. The one-directional implementation may prevent the hooks from
rotating and slipping out of the bone tissue, once they have been rotated and inserted into
the bone tissue in the SI joint.

[0228] The cavity 806 may have an open design into which bone growth-
enhancing materials may be inserted. The body 801 may have no sidewalls closing off
the cavity 806 to the articular surfaces of the sacrum and ilium so that bone growth
stimulating material that may be placed within the cavity 806 may be in contact with the
articular surfaces of the sacrum and ilium within the joint to allow fusion growth across
the SI joint. As shown in FIG. 68, the fusion implant 800 may further include openings
807 along the outer wall of the fusion implant 800 to allow further access to the bone
growth-stimulating material in the cavity 806.

[0229] The process of inserting and advancing the fusion implant 800 may be
performed by one or more tools that advance the implant through a working channel, as
described herein. An inserter (e.g., inserter 147) may be used to initially place the fusion
implant in a desired position between the sacrum and ilium. In some embodiments, and
without limitation, the fusion implant may include slots or notches on the proximal end
thereof (not shown), which the inserter can engage. In other embodiments, and without
limitation, the inserter may engage the lateral edges of the proximal end of the fusion
implant. Subsequently, a driving tool may be engaged with a central hole 802 in the
proximal end of the body 801, which may be “keyed” with teeth or other structures that

can be engaged by the driving tool. The driving tool may be operable to rotate the central
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axle 805 once it is engaged with the central hole 802, thereby driving the flukes 803 and
804 into the bone tissue in the articular surfaces fo the sacrum and ilium.

[0230] In some embodiments, and without limitation, the inserter may have a
head that has a complementary shape to the central hole 802, allowing the inserter to
engage the with the central hole 802 prior to insertion. The ring structure around the
central hole 802 may be connected with or integral to the central axle 805, allowing
central axle to be rotated by the inserter. For example, and without limitation, the inserter
can be used to insert the fusion implant into the SI joint, and then the head of the inserter
may be rotated in order to rotate the central axle of the fusion implant, thereby engaging
the hooks with the bone tissue in the articular surfaces of the sacrum and ilium.

[0231] As discussed above, and without limiting the invention, the working
channel through which the implant is passed into the SI joint may have a hollow barrel
having an oblong internal cross-section or slots running along its length for
accommodating the width of the fusion implant 800 and the lateral flukes 803 and 804.
[0232] The central hole 802 may also allow for access into the cavity 806, such
that bone growth-stimulating materials may be inserted into the cavity 806 after the
fusion implant 800 is set into desired operative position in the SI joint. In some
implementations, and without limitation, the bone growth-stimulating materials may be
present in the cavity 806 prior to insertion of the fusion implant 800 into the SI joint. The
design of fusion implant 800 (and other related embodiments) allows for bone graft to be
placed pre-operatively as the cavity 806 is not obscured by the central axle and hooks

(bone anchoring mechanism).
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[0233] In some embodiments, and without limitation, the fusion implant may
have a shape and features like the implant 151 shown in FIGS. 39 and 126-129. As an
example, and without limiting the invention, the implant may be a bone graft as shown in
FIGS. 126-129. The implant 151 may be substantially rectangular, having ribbing 153 on
opposing sides to create a surface for catching or gripping with the SI joint when it is
inserted. The implant 151 may also have a tapered proximal end to be inserted into the SI
joint to act as a wedge, facilitating insertion. The implant 151 may also have slots 152
for receiving forceps of an inserter, and transverse holes to allow bone tissue to grow
through the implant and incorporate the implant into the native bone tissue, thereby
fusing the SI joint.

[0234] FIGS. 71-91 displays the implant in a desired operative position in the
sacroiliac joint 102, where the implant is engaged with the ilium 200 and the sacrum 101.
The implant may create stability and fixation across the joint, compression in the joint,
and bone growth-promoting material can be added to the cavity 806 to aid in fusion of the

sacrum and ilium at the site of the fusion implant.

Surgical Methods
[0235] In some embodiments, the methods of the present invention substantially
fuse the SI joint, such that movement in the joint is minimized or substantially
eliminated, thereby diminishing or substantially eliminating the patient's pain and
discomfort. More specifically, an improved, combined approach for both mechanical

holding and surgical fusion through a novel exposure device is described herein.
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Specifically, with respect to some embodiments, an approach is described to address the
ST joint through a posterior approach. In some embodiments, and without limitation, the
surgical fusion of the sacrum and an ilium may be accomplished with a posteriorly
inserted fusion implant device alone. In other embodiments, and without limitation,
surgical fusion may be accomplished with the delivery of both (1) a fusion implant device
into the SI joint, and (2) a separate fixation device which can be in the form of a screw, or
the like. The fusion may be delivered to the SI joint, placed between the sacrum and
ilium, while the fixation device may be delivered through the iliac wing, near the iliac
crest, into the sacrum while not entering or passing through the SI joint.

[0236] In some embodiments, and without limitation, the method may involve the
posterior insertion of a fusion implant, including the steps of creating an incision
proximal to the patient's SI joint, dilating the incision, engaging a novel exposure device
as described herein with the incision, creating a void in the SI joint, and inserting the
fusion implant into the void such that it engages with the articular surfaces of the sacrum
and ilium.

[0237] Some embodiments, without limitation, include some or all of the
following steps, preparing the patient for surgery (e.g., positioning the patient in a prone
position to provide the surgeon access to the SI joint, general or local anesthesia, and the
like), locating the SI joint and an incision point for access to the SI joint (e.g., by blunt
finger palpation), insertion of a pin or wire to create an incision, insertion of a dilator
over the pin and impacting the dilator to dilate the incision to a width through which

instruments may be passed, inserting a working channel of a novel exposure device over
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the dilator, securing the working channel in position with fixing pins, removing the
dilator, inserting a drill bit apparatus through the working channel, using the drill bit
apparatus in the working channel to displace bone in the SI joint thereby creating a void,
removing the drill bit apparatus, loading a fusion implant onto an inserter and inserting
the fusion implant and inserter into the working channel until the implant is positioned
proximal to the void in the patient's SI joint, inserting an impactor into the first working
channel and applying force to displace the implant into the void in the patient's SI joint,
removing all instruments, and closing the incision.

[0238] In some embodiments, and without limitation, the method may involve the
posterior insertion a fusion implant and the insertion a separate fixation device through
the ilium and sacrum, including the steps of creating an incision proximal to the patient's
ST joint, creating an incision over iliac wing, dilating the incisions, engaging a novel
exposure device as described herein with both incisions, creating a void in the SI joint,
inserting a fusion implant into the void, drilling a hole through the ilium and the S1
vertebra of the sacrum, and inserting a joint fusing device in the ilium and sacrum. The
fixation device may be inserted through the iliac wing, near the iliac crest, into the
sacrum while not entering or passing through the SI joint.

[0239] Other embodiments, without limitation, include some or all of the
following steps, preparing the patient for surgery (e.g., positioning the patient in a prone
position to provide the surgeon access to the SI joint, general or local anesthesia, and the
like), making a small incision over the top of the iliac wing from a posterior approach,

locating the SI joint and an incision point for access to the SI joint (e.g., by blunt finger
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palpation), insertion of a pin or wire to create an incision, insertion of a dilator over the
pin and impacting the dilator to dilate the incision to a width through which instruments
may be passed, inserting a first working channel of a double-barreled, double-angled
exposure device over the dilator and inserting a second working channel of said exposure
device in the incision over the iliac wing, securing the first and second working channels
in position with fixing pins, removing the dilator, inserting a drill bit apparatus through
each of the first and second work channels, using the drill bit apparatus in the first
working channel to displace bone in the SI joint thereby creating a void, using the drill bit
apparatus (or a second drill bit apparatus) in the second working channel to drill a hole in
the iliac crest and the S1 vertebra of the sacrum, removing the drill bit apparatus, loading
an implant (e.g., a graft) onto an inserter and inserting the implant and inserter into the
first working channel until the implant is positioned proximal to the void in the patient's
ST joint, inserting an impactor into the first working channel and applying force to
displace the implant into the void in the patient's SI joint, inserting a joint fusion device
coupled to a fusion device inserter into the second working channel and implanting said
joint fusion device in the hole in the iliac crest and the sacrum, removing all instruments,
and closing the incisions.

[0240] Some embodiments include the use of embodiments of the tools or tool
sets of the present invention, as described above. Other embodiments of the methods of
the present invention are performed without using the tools of the present invention. The
methods of the present invention may be performed in addition to or in conjunction with

one or more of the known methods. Embodiments of the methods of the present invention
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(and tools of the present invention) are now further described with reference to the
Figures. Although the methods are described with respect to the use of certain tools, other
tools with different structures may be used and still be within the scope of the present
invention.

[0241] FIGS. 72-99 illustrate a surgical procedure for fusing an SI joint with both
a fusion implant inserted in the SI joint and a joint fixation device (e.g., a bone screw).
The procedure includes positioning a patient in the prone position and administering
either a local or general anesthetic. Blunt finger palpation may be used to locate the
patient’s iliac wing and the SI joint. As shown in FIG. 72, the SI joint 102 is located
between the iliac wing 100 and the sacrum 101 at the base of the pelvis. The SI joint is
fully enclosed between the iliac wing 100 and the sacrum 101 and occluded for direct
visualization by the iliac wing 100. Additionally, the iliac crest 200, the posterior iliac
spines, and the pedicle 104 of vertebrae S1 can be observed in this view. The iliac crest
200 may provide a posterior landmark for the entry point of the exposure device of the
present invention at the posterior iliac crest, and can be palpated to find the general
location of the SI joint. Alternatively, suitable locations for an incision may be
determined by imaging methods (e.g., x-ray), or any other suitable method.

[0242] As illustrated in FIG. 73-74, and without limitation, a joint probe 112 may
be used to identify the insertion area on the posterior side of the SI joint. The area of the
ST joint may be probed until the rounded geometry of the joint probe 112 finds or drops
into the proper position in the SI joint, where an incision may be properly made.

Subsequently, a guide pin 114 may be inserted through a central channel in the joint
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probe 112 and into the patient to create an incision in the SI joint, as illustrated in FIG.
70. Alternatively, the incision may be made by any suitable method, including scalpel or
other cutting or dissection tool. The incision may be made proximal to the patient's SI
joint, allowing the joint to be accessed by the exposure device. The guide pin 114 may
be advanced until its proximal end is in contact with the SI joint or at least partially
within ST joint.

[0243] As illustrated in FIGS. 76-79, and without limitation, a dilator may be
used to dilate the incision. As an example, dilator 116 may be slotted over guide pin 114
through a central channel running the length of the dilator 116. The proximal end of the
dilator 116 may be slotted over the guide pin 114, and dilator 116 may then be advanced
to or near the SI joint through the incision. As dilator 116 enters the incision, the tapered
end 118 pushes the patient's flesh and tissue aside, thereby dilating incision to
accommodate an exposure device as described herein. A joint cutting assembly that
includes the dilator 116 and a T-handle 120 engaged with a distal end of the dilator 116
may be used to further drive the dilator 116 into the incision to a desired depth to
sufficiently expose the SI joint. Alternatively, an impactor (not shown) may be used to
further drive the dilator 116 into the incision to a desired depth.

[0244] FIG. 76 illustrates the placement of the exposure device 137 over the
dilator 116. The exposure device 137 is advanced over dilator 116 and into incision.
Dilator 116 enters the hollow barrel of exposure tool at the distal end of the working
channel 239. The working channel 239 of the exposure tool has distal end 142 that may

have a round geometry and/or a tapered rounded profile that is operable to distract the SI
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joint with minimal damage to soft and connective tissue in and around the posterior side
of the SI joint. The working channel may include tangs extending from distal end 142 for
engaging the SI joint between the sacrum and ilium. The tangs may align between the
articular surfaces and help to position and stabilize the working channel. It is to be
appreciated that the working channel may have other perimeter shapes such as oval, to
accommodate the shape of some fusion implants. It should be understood that the working
channel may have other shapes as well (e.g., triangular, polygonal [pentagonal, hexagonal,
etc.], Reuleaux shapes, and other applicable shapes). The exposure device may also further
dilate incision. The exposure device is advanced toward SI joint through incision until
proximal end 142 is in contact with the SI joint or proximal to the SI joint and in contact
with the sacrum and/or ilium. In such embodiments, dilator 116 functions to guide the
proximal end 142 to the patient's SI joint.

[0245] FIGS. 78-81 illustrate a process of stabilizing the exposure device 137
within incision. As depicted, the exposure device is stabilized using fixing pins 126,
slotted through fixing pin holes or slots 139 on sides of the working channel 239. Fixing
pins 126 may have any suitable structure that permits them to stabilize the exposure
device 137. In some embodiments, and without limitation, stabilizing pins 126 can
penetrate the skin and/or flesh and tissue of a human. It is to be appreciated that any
suitable method of stabilizing exposure device may be used. Dilator 116 and guide pin
115 may be removed from the working channel either before or after the fixing pins 126
are inserted. In other embodiments, and without limitation, the exposure device may be

stabilized by attachment to a surgical or stabilizing arm to hold the exposure device in a
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static and stable position.

[0246] A guide pin 115 may be inserted into the incision through the working
channel 239, either through the dilator before it is removed, or through a guide sleeve that
may be used to insert the guide pin 115 and then may be removed from the working
channel 239.

[0247] FIGS. 82-83 illustrate insertion of drill bit apparatus 122 into the incisions
through the working channel 239 of the exposure device 137. The drill bit may be
connected to a power drill configured for medical procedures. The drill bit apparatus 122
may have cylindrical outer walls that allow the drill bit apparatus to freely spin with the
hollow barrel of the working channel 239. The cylindrical outer wall may comprise a
low-friction material that facilitates smooth spinning of the drill within the hollow barrel
of the working channel. The proximal end of the drill bit apparatus 122 may be inserted
into the working channel 239 and may be advanced to a predetermined point. In some
examples, and without limitation, the proximal end of drill bit apparatus 122 does not
extend past the proximal end of the working channel 239 when fully inserted. Preferably,
drill bit apparatus 122 may be configured such that it will interact with the working
channel 239 only in an orientation that ensures proper positioning of drill bit apparatus
122 relative to the SI joint. For example, and without limitation, the drill bit apparatus
may fit snugly into the hollow barrel to avoid any axial deviations, but may still be able
to spin freely and at a rapid rotational speed without causing excessive friction or causing
significant extraneous or unwanted motion. In other embodiments, and without

limitation, the drill bit may have an outer stationary housing that is complementary to and
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fits snugly within the hollow barrel of the working channel, and the rotating portion of
the bit may be within the outer stationary housing and can be rotated while the stationary
outer housing is statically engaged with the hollow barrel of the working channel.

[0248] In some implementations, and without limitation, the drill bit in the drill
bit apparatus 122 may be advanced into the working channel 239 toward SI joint to a
predetermined depth. This may be accomplished by an arrestor system in the drill that
only allows a particular depth of insertion or by any other suitable method. The drill bit
in the working channel 239 may be positioned such that when activated it will create a
void in the patient's SI joint by displacing portions of sacrum and ilium. In such
examples, the drill bit may be configured such that it will contact the patient's SI joint at a
desired portion of the joint and, once activated, will create a void of a desired depth. The
void may be configured to receive a fusion implant as described herein or other joint
repairing appliance or bone graft for fusing the SI joint. Other joint repairing appliances
or apparatus may include a polyether ether ketone (PEEK) implant, a titanium implant,
etc. As an example and without limiting the invention, the implant may be a fusion
implant like one of those shown in FIGS. 49-70.

[0249] As shown in FIGS. 84-93, several implements may be inserted through the
working channel 239 into the void in the SI joint to prepare the void for receiving a
fusion implant. For instance, a box chisel 131 and/or a rasp 132 may be inserted into the
void through the working channel 239 to expand and clear tissue from the void to
facilitate a clean and efficient insertion of the fusion implant into the void (see, e.g.,

FIGS. 84-86). As shown in FIGS. 88-89, an impactor 136 may also be used to deepen or
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spread the void.

[0250] FIGS. 39 and 90 illustrate the use of a fusion implant inserter 147 to insert
a fusion implant into the void in the SI joint. The inserter 147 may be inserted into the
working channel 239 of the exposure device 137 once a void has been formed in the SI
joint. For example, and without limitation, prior to insertion, the fusion implant is
grasped by forceps of the inserter 147, which may engage with grooves along sides of the
fusion implant. In other examples, and without limitation, the inserter may have a head
that is threaded, keyed, or otherwise structured such that it is complementary to a hole in
the proximal end of the fusion implant (e.g., the proximal hole in fusion implant 700 or
800). Once engaged with the fusion implant, the inserter 147 may be inserted into the
working channel and may be advanced until it meets resistance at the void. The inserter
147 may be operable to then release the fusion implant, leaving it in the void. In some
examples, the inserter 147 may have a mechanism for grasping and releasing the fusion
implant (e.g., arms 149 may be operable to clamp and release the fusion implant),
providing an efficient means of depositing the fusion implant in the void.

[0251] In some implementations, and without limitation, the fusion implant may
require that one or more elements thereof be rotated in order for the fusion implant to
engage with the bone tissue in the SI joint (e.g., fusion implants 400,400a, 500, 800, and
other related embodiments). In some implementations, and without limitation, the
inserter may have arms thereon for engaging slots or notches in the proximal end of the
fusion implant and may be capable of rotating the fusion implant (e.g., fusion implants

400, 400a, 500, and related embodiments) once it is placed in the SI joint. In such
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implementations, the inserter may have distal rotatable member that is capable of rotating
independently of shaft and handle of the inserter, allowing the surgeon to use the inserter
to place the fusion implant into the void in the proper orientation without unwanted
rotation and then deliberately rotate the fusion implant and engage it with the articular
surfaces. In other implementations, and without limitation, the inserter may include a
distal head that may be operable to engage a hole in the proximal surface of the fusion
implant, which may be threaded or machined (e.g., to have gear teeth, notches, angular
sides [e.g., a square shape, etc.] or other features) in a manner to allow an interlocking fit
with the distal head of the inserter. In such implementations, the distal head may be
operable to rotate the fusion implant once it is placed in the void in the SI joint. In other
implementations, and without limitation, a tool separate from the inserter may be used to
rotate the fusion implant once it is in place within the SI joint. For example, and without
limitation, a driver having a distal head operable to engage the fusion implant may be
passed through the working channel and engage with the fusion implant, and
subsequently rotate the fusion implant.

[0252] An impactor 236 may be used to exert force on the fusion implant as it is
in the void, in order to drive the fusion implant securely into the void, as shown in FIG.
91. The impactor may be utilized to drive the fusion implant into the bone tissue of the
articular surfaces of the SI joint, particularly in implementations that utilize a fusion
implant having lateral blades (e.g., fusion implant 700 and related embodiments). The
fusion implant may thereby be properly inserted into the void. Though, the impactor may

be used in other implementations as well, for example, to drive the fusion implant deeper
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into the void prior to rotating the fusion implant (e.g., fusion implants 400, 400a, 500,
and related embodiments), or prior to driving screws of the fusion implant into the
articular surfaces of the SI joint (e.g., fusion implant 600 and related embodiments).
Additionally, the impactor 236 may be used to add additional therapeutic materials, such
as bone morphogenetic proteins (BMP), demineralized bone matrix (DBM), stem cells,
and other materials, to the void to improve recovery and growth of the bone in the SI
joint.

[0253] Subsequently, the exposure device may be removed from the patient.
Also, the fixing pins 126 may be removed from both incisions. The tissues in the
incisions may then be sutured, to facilitate healing.

[0254] In some embodiments of the present invention, and without limitation,
surgical fusion may be accomplished with the delivery of both (1) a fusion implant device
into the SI joint, and (2) a separate fixation device which can be in the form of a screw, or
the like. The fusion may be delivered to the SI joint, placed between the sacrum and
ilium, while the fixation device may be delivered through the iliac wing, near the iliac
crest, into the sacrum while not entering or passing through the SI joint. In such
embodiments, the steps of locating the SI joint and making an incision over the SI joint
may be the same or similar to the steps described above and as shown in FIGS. 71-77.
[0255] FIGS. 92-114 illustrate additional steps of a surgical procedure for fusing
an SI joint with both a fusion implant inserted in the SI joint and a joint fixation device
(e.g., a bone screw) fixing the ilium and sacrum together. The procedure may include

making an incision over the iliac wing near the iliac crest for the insertion of a second
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working channel of a double-barreled, double-angled exposure device. A dilator may be
used to dilate an incision formed over the SI joint, as previously described. As an
example, and without limitation, FIGS. 92-93 show dilator 116 may be slotted over a
guide pin 114 through a central channel running the length of the dilator 116. The
proximal end of the dilator 116 may be slotted over the guide pin 114, and dilator 116
may then be advanced to or near the SI joint through incision. As dilator 116 enters the
incision, the tapered end 118 pushes the patient's flesh and tissue aside, thereby dilating
incision to accommodate exposure device. A joint cutting assembly that includes the
dilator 116 and a T-handle 120 engaged with a distal end of the dilator 116 may be used
to further drive the dilator 116 into the incision to a desired depth to sufficiently expose
the SI joint. Alternatively, an impactor (not shown) may be used to further drive the
dilator 116 into the incision to a desired depth.

[0256] FIGS. 94-95 illustrate the placement of the double-barreled, double-angled
exposure device over the dilator 116. The exposure device is advanced over dilator 116
and into incision. Dilator 116 enters the hollow barrel of exposure tool at the distal end of
the first working channel 239. Without limiting the invention, the first working channel
239 of the exposure tool has proximal end 142 that may have a round geometry and/or a
tapered rounded profile that is operable to distract the SI joint with minimal damage to
soft and connective tissue in and around the posterior side of the SI joint. It is to be
appreciated that the working channel may have other perimeter shapes circular, oval,
triangular, polygonal (pentagonal, hexagonal, etc.), Reuleaux shapes, and other applicable

shapes. The exposure device may also further dilate incision. The exposure device is
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advanced toward SI joint through incision until proximal end 142 is in contact with the SI
joint or proximal to the SI joint and in contact with the sacrum and/or ilium. In such
embodiments, dilator 116 functions to guide the proximal end 142 to the patient's SI
joint.

[0257] The exposure device may be configured such that when the first working
channel 239 of the exposure device is established in position in or near the SI joint the
second working channel 240 is oriented over the iliac wing near the iliac crest (the
location of the incision) and in an orientation that will allow the second working channel
to guide a drill bit through the ilium and sacrum (e.g., the S1 vertebra) without traversing
the SI joint (i.e., without causing damage to the SI joint). The relative position of the first
and second working channels of the double-barreled, double-angled exposure device
accommodates the contour of the pelvis between the ilium and the SI joint such that said
first working channel can be engaged with a posterior side of the SI joint and said second
working channel can be engaged with a posterior portion of the iliac wing at an angle that
is aligns a longitudinal axis of the second working channel anterior to the SI joint.

[0258] FIGS. 96-99 illustrate a process of stabilizing the exposure device within
incision. As depicted, the exposure device is stabilized using fixing pins 126, slotted
through fixing pin holes or slots 139 on sides of the first and second working channels
239 and 240. Fixing pins 126 may have any suitable structure that permits them to
stabilize the exposure device. In some embodiments, stabilizing pins 126 can penetrate
the skin and/or flesh and tissue of a human. It is to be appreciated that any suitable

method of stabilizing exposure device may be used. Dilator 116 and guide pin 115 may
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be removed from the first working channel either before or after the fixing pins 126 are
inserted.

[0259] Guide pins 115 may be inserted into the incision through the first and
second working channels 239 and 240, either through the dilator before it is removed, or
through guide sleeves that may be used to insert the guide pins 115 and that may then be
removed from the first and second working channels 239 and 240. FIGS. 100-102
provide views of exemplary guide pin placement for the double-barreled exposure device
from multiple perspectives. FIGS. 103-104 provide views of exemplary placement of the
double-barreled exposure device from multiple perspectives.

[0260] FIGS. 105-106 illustrate insertion of drill bit apparatus 122 into the
incisions through the first and second working channels 239 and 240 of the exposure
device. The drill bit may be connected to a power drill configured for medical
procedures. The drill bit apparatus 122 may have cylindrical outer walls that allow the
drill bit apparatus to freely spin with the hollow barrel of the first and second working
channels 239 and 240. The cylindrical outer wall may comprise a low-friction material
that facilitates smooth spinning of the drill within the hollow barrels of the first and
second working channels. The proximal ends of the drill bit apparatus 122 may be
inserted into the first and second working channels 239 and 240 and may be advanced to
a predetermined point. In some examples, the proximal ends of drill bit apparatus 122 do
not extend past the proximal end of the first and second working channels 239 and 240
when fully inserted. Preferably, drill bit apparatus 122 are configured such that it will

interact with the first and second working channels 239 and 240 only in an orientation
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that ensures proper positioning of drill bit apparatus 122 relative to the SI joint and the
ilium. For example, the drill bit apparatus may fit snugly into the hollow barrel to avoid
any axial deviations, but may still be able to spin freely and at a rapid rotational speed
without causing excessive friction or causing significant extraneous or unwanted motion.
In other embodiments, and without limitation, the drill bit may have an outer stationary
housing that is complementary to and fits snugly within the hollow barrel of the working
channel, and the rotating portion of the bit may be within the outer stationary housing and
can be rotated while the stationary outer housing is statically engaged with the hollow
barrel of the working channel.

[0261] The drill bits in the drill bit apparatus 122 may be advanced into channel
the first and second working channels 239 and 240. With regard to the drill in the first
working channel 239, the drill bit is advanced toward SI joint to a predetermined depth.
This may be accomplished by an arrestor system in the drill that only allows a particular
depth of insertion or by any other suitable method. The drill bit in the first working
channels 239 may be positioned such that when activated it may create a void in the
patient's SI joint by displacing portions of sacrum and ilium. In such examples, the drill
bit may be configured such that it will contact the patient's SI joint at a desired portion of
the joint and, once activated, will create a void of a desired depth.

[0262] The void may be configured to receive a fusion implant as described
herein or other joint repairing appliance or apparatus for fusing the SI joint. Other joint
repairing appliances apparatus may include a polyether ether ketone (PEEK) implant, a

titanium implant, etc. As an example and without limiting the invention, the implant may
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be a fusion implant like one of those shown in FIGS. 49-70. The fusion implant may also
have slots for receiving forceps of an inserter tool or a hole or recess in a proximal end of
the fusion implant for receiving an inserter tool, and transverse holes to allow bone tissue
to grow through the implant, and incorporate the implant into the native bone tissue,
thereby fusing the SI joint.

[0263] The drill bit in the second working channels 239 may be positioned such
that when activated it will drill a hole through the iliac wing of the patient near the iliac
crest and through the sacrum (e.g., the S1 vertebra). The drill bit may have sufficient
length to reach the S1 vertebra from the iliac wing position of the second working
channel. The relative angled position of the first and second working channels 239 and
240 of the exposure device positions the second working channel such that the drill bit
can be advanced through to the S1 vertebra without traversing (passing through) the SI
joint, thereby avoiding any damage to the SI joint tissues (e.g., the ligaments).

[0264] As shown in FIGS. 107-112, several implements may be inserted through
the first working channel 239 into the void in the SI joint to prepare the void for receiving
a fusion implant. For instance, and without limitation, a box chisel 131 and or a rasp 132
may be inserted into the void through the first working channel 239 to expand and clear
tissue from the void to facilitate a clean and efficient insertion of the fusion implant into
the void. An impactor 136 may also be used to deepen or spread the void.

[0265] FIGS. 39 and 113 illustrate the use of a fusion implant inserter 147 to
insert a fusion implant (e.g., as described above and shown in FIGS. 49-70) into the void

in the SIjoint. The inserter 147 may be inserted into the first working channel 239 of the
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exposure device. Prior to insertion, the fusion implant may be grasped by the forceps of
the inserter 147, which may engage with grooves or recesses on the fusion implant. In
other implementations, and without limitation, the fusion implant may have a hole or
recess in a proximal end of the fusion implant for receiving an inserter tool, and the
inserter tool may have a head or extension that fits within the hole or recess. The inserter
147 and the fusion implant may be inserted together into the first working channel and
may be advanced until it meets resistance at the void. The inserter 147 may then release
the fusion implant, leaving it in the void. In some examples, the inserter 147 may have a
mechanism for grasping and releasing the fusion implant, providing an efficient means of
depositing the fusion implant in the void.

[0266] Subsequently, an impactor 236 may be used to exert force on the fusion
implant in the void, in order to drive fusion implant securely into the void, as shown in
FIG. 114. The fusion implant may thereby be properly inserted into the wvoid.
Additionally, the impactor 236 may be used to add therapeutic materials, such as bone
morphogenetic proteins (BMP), demineralized bone matrix (DBM), stem cells, and other
materials, to the void to improve recovery and growth of the bone in the SI joint.

[0267] A joint fixation device (e.g., a compression screw) may be inserted into
the iliac wing and the sacrum (the S1 vertebra) through the second working channel as
the double-barreled exposure device is secured to the SI joint and the ilium. A fixation
device 158 may be inserted at angle into the ilium and the sacrum that compresses the SI
joint, thereby compressing the fusion implant within the SI joint. However, in other

embodiments, the angle of the hole drilled in the ilium and sacrum in an orientation that
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distracts the SI joint, providing room in the SI joint for bone tissue grow around the
fusion implant. In further embodiments, the structure of the joint fixation device 158
may be configured to create distraction in the SI joint.

[0268] The joint fixation device 158 may be inserted into the second working
channel along with a fixation implant driver 125 engaged therewith. In the case of a
screw, the screw 158 may be advanced into the hole drilled through the ilium and the
sacrum manually with a specialized driver 125. Alternatively, the screw or other fusion
device can be installed by an automated process. Without limiting the invention, FIGS.
115-116 show an exemplary fixation device 158 and an exemplary fusion implant 151
positioned in the pelvis