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IMPLANTS, SYSTEMS, AND METHODS FOR
FUSING A SACROILIAC JOINT

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation application of
U.S. application Ser. No. 14/567,956 filed Dec. 11, 2014,
which application claims priority under 35 U.S.C. § 119 to
U.S. Provisional Patent Application 61/914,409, which was
filed Dec. 11, 2013, entitled “SYSTEMS FOR AND METH-
ODS OF FUSING A SACROILIAC JOINT,” and is hereby
incorporated by reference in its entirety into the present
application.

U.S. application Ser. No. 14/567,956 is also a continua-
tion-in-part (“CIP”) application of, and claims priority to,
U.S. patent application Ser. No. 14/514,221 (“the 221
application”), which was filed Oct. 14, 2014, entitled “SYS-
TEMS FOR AND METHODS OF PREPARING A SAC-
ROILIAC JOINT FOR FUSION.” The ’221 application
claims priority under 35 U.S.C. § 119 to: 1) U.S. Provisional
Patent Application 61/891,330, which was filed Oct. 15,
2013, entitled “SYSTEMS FOR AND METHODS OF FUS-
ING A SACROILIAC JOINT”; 2) U.S. Provisional Patent
Application 61/891,345, which was filed Oct. 15, 2013,
entitled “SYSTEMS FOR AND METHODS OF FUSING A
SACROILIAC JOINT”; 3) U.S. Provisional Patent Appli-
cation 61/912,494, which was filed Dec. 5, 2013, entitled
“SYSTEMS FOR AND METHODS OF FUSING A SAC-
ROILIAC JOINT™; 4) U.S. Provisional Patent Application
61/914,409, which was filed Dec. 11, 2013, entitled “SYS-
TEMS FOR AND METHODS OF FUSING A SACRO-
ILIAC JOINT”; and 5) U.S. Provisional Patent Application
61/954,594, which was filed Mar. 17, 2014, entitled “SYS-
TEMS AND METHODS FOR FUSING A SACROILIAC
JOINT AND ANCHORING AN ORTHOPEDIC APPLI-
ANCE”. The ’221 application and all Provisional Patent
Applications to which it claims priority are hereby incorpo-
rated by reference in their entireties into the present appli-
cation.

U.S. application Ser. No. 14/567,956 is also a continua-
tion-in-part (“CIP”) application of, and claims priority to,
U.S. patent application Ser. No. 14/447,612 (“the *612
application”), which was filed Jul. 31, 2014, entitled “SYS-
TEMS FOR AND METHODS OF FUSING A SACRO-
ILIAC JOINT,” now U.S. Pat. No. 9,700,356. The 612
application claims priority under 35 U.S.C. § 119 to: 1) U.S.
Provisional Patent Application 61/979,857, which was filed
Apr. 15,2014, entitled “SACROILIAC JOINT IMPLANT”,
2) U.S. provisional application 61/955,126, which was filed
Mar. 18, 2014, entitled “SACROILIAC JOINT IMPLANT”;
3) U.S. Provisional Patent Application 61/914,409, which
was filed Dec. 11, 2013, entitled “SYSTEMS FOR AND
METHODS OF FUSING A SACROILIAC JOINT”; and 4)
U.S. Provisional Patent Application 61/860,185, which was
filed Jul. 30, 2013, entitled “SYSTEMS FOR AND METH-
ODS OF FUSING A SACROILIAC JOINT”. The 612
application and all Provisional Patent Applications to which
it claims priority are hereby incorporated by reference in
their entireties into the present application.

TECHNICAL FIELD

Aspects of the present disclosure relate to medical appa-
ratus and methods. More specifically, the present disclosure
relates to devices, systems, and methods for fusing a sac-
roiliac joint.
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BACKGROUND

The sacroiliac joint is the joint between the sacrum and
the ilium of the pelvis, which are joined by ligaments. In
humans, the sacrum supports the spine and is supported in
turn by an ilium on each side. The sacroiliac joint is a
synovial joint with articular cartilage and irregular eleva-
tions and depressions that produce interlocking of the two
bones.

Pain associated with the sacroiliac joint can be caused by
traumatic fracture dislocation of the pelvis, degenerative
arthritis, sacroiliitis an inflammation or degenerative condi-
tion of the sacroiliac joint, osteitis condensans ilii, or other
degenerative conditions of the sacroiliac joint. Currently,
sacroiliac joint fusion is most commonly advocated as a
surgical treatment for these conditions. Fusion of the sac-
roiliac joint can be accomplished by several different con-
ventional methods encompassing an anterior approach, a
posterior approach, and a lateral approach with or without
percutaneous screw or other type implant fixation. However,
while each of these methods has been utilized for fixation
and fusion of the sacroiliac joint over the past several
decades, substantial problems with respect to the fixation
and fusion of the sacroiliac joint remain unresolved.

A significant problem with certain conventional methods
for fixation and fusion of the sacroiliac joint including the
anterior approach, posterior approach, or lateral approach
may be that the surgeon has to make a substantial incision
in the skin and tissues for direct access to the sacroiliac joint
involved. These invasive approaches allow the sacroiliac
joint to be seen and touched directly by the surgeon. Often
referred to as an “open surgery”, these procedures have the
attendant disadvantages of requiring general anesthesia and
can involve increased operative time, hospitalization, pain,
and recovery time due to the extensive soft tissue damage
resulting from the open surgery.

A danger to open surgery using the anterior approach can
be damage to the L5 nerve root, which lies approximately
two centimeters medial to the sacroiliac joint or damage to
the major blood vessels. Additionally and as seen in FIG. 1,
which depicts a conventional fusion procedure (immobili-
zation of the articular surfaces of the sacroiliac joint in
relation to one another) on a sacroiliac joint 1, one or more
screws or implants 2 are implanted transversely across the
articular surfaces 3 and through the sacrum 4 and the ilium
bones 5. That is, the joint 1 is immobilized by placement of
a fusion device 2 transverse to or across a plane defined by
articular surfaces 3 of the sacroiliac joint space.

Use of trans-sacroiliac and S1 pedicle-iliac bone implants
can also involve the risk of damage to the lumbosacral
neurovascular elements. Damage to the lumbosacral neuro-
vascular elements as well as delayed union or non-union of
the sacroiliac joint by use of these procedures may require
revision surgery to remove all or a portion of the implants or
repeat surgery as to these complications.

Another significant problem with conventional proce-
dures utilizing minimally invasive small opening procedures
can be that the procedures are technically difficult, requiring
biplanar fluoroscopy of the articular surfaces of the sacro-
iliac joint and extensive surgical training and experience.
Despite the level of surgical training and experience, there is
a substantial incidence of damage to the lumbosacral neu-
rovascular elements. Additionally, sacral anomalies can fur-
ther lead to mal-placement of implants leading to damage of
surrounding structures. Additionally, these procedures are
often performed without fusion of the sacroiliac joint, which
does not remove the degenerative joint surface and thereby
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may not address the degenerative condition of the sacroiliac
joint, which may lead to continued or recurrent sacroiliac
joint pain.

Another significant problem with conventional proce-
dures can be the utilization of multiple trans-sacroiliac
elongate implants, which do not include a threaded surface.
This approach requires the creation of trans-sacroiliac bores
in the pelvis and nearby sacral foramen, which can be of
relatively large dimension and which are subsequently
broached with instruments, which can result in bone being
impacted into the pelvis and neuroforamen.

The creation of the trans-sacroiliac bores and subsequent
broaching of the bores requires a guide pin, which may be
inadvertently advanced into the pelvis or sacral foramen,
resulting in damage to other structures. Additionally, pro-
ducing the trans-sacroiliac bores, broaching, or placement of
the elongate implants may result in damage to the lum-
bosacral neurovascular elements, as above discussed. Addi-
tionally, there may be no actual fusion of the articular
portion of the sacroiliac joint, which may result in continued
or recurrent pain requiring additional surgery.

Another substantial problem with conventional proce-
dures can be that placement of posterior extra-articular
distracting fusion implants and bone grafts may be inad-
equate with respect to removal of the articular surface or
preparation of cortical bone, the implant structure and fixa-
tion of the sacroiliac joint. The conventional procedures may
not remove sufficient amounts of the articular surfaces or
cortical surfaces of the sacroiliac joint to relieve pain in the
sacroiliac joint. The conventional implant structures may
have insufficient or avoid engagement with the articular
surfaces or cortical bone of the sacroiliac joint for adequate
fixation or fusion. The failure to sufficiently stabilize and
fuse the sacroiliac joint with the conventional implant struc-
tures and methods may result in a failure to relieve the
condition of sacroiliac joint being treated. Additionally,
conventional methods of driving apart a sacrum and ilium
may lead to mal-alignment of the sacroiliac joint and
increased pain.

Improvements to sacroiliac joint fusion involve systems
and methods for non-transverse delivery of an implant into
the sacroiliac joint are described in U.S. patent applications:
Ser. No. 12/998,712, filed May 23, 2011 entitled SACRO-
ILIAC JOINT FIXATION FUSION SYSTEM; Ser. No.
13/236,411, filed Sep. 19, 2011 entitled SYSTEMS FOR
AND METHODS OF FUSING A SACROILIAC JOINT;
and Ser. No. 13/475,695, filed May 18, 2012, entitled
SYSTEMS FOR AND METHODS OF FUSING A SAC-
ROILIAC JOINT; and Ser. No. 13/945,053, filed Jul. 18,
2013, entitled SYSTEMS FOR AND METHODS OF FUS-
ING A SACROILIAC JOINT; and Ser. No. 13/946,790, filed
Jul. 19, 2013, entitled SYSTEMS FOR AND METHODS
OF FUSING A SACROILIAC JOINT; and Ser. No. 14/216,
975, filed Mar. 17, 2014, entitled SYSTEMS AND METH-
ODS FOR FUSING A SACROILIAC JOINT AND
ANCHORING AN ORTHOPEDIC APPLIANCE; and Ser.
No. 14/447,612, filed Jul. 31, 2014, entitled SYSTEMS FOR
AND METHODS OF FUSING A SACROILIAC JOINT.
All of application Ser. Nos. 12/998,712, 13/236,411, 13/475,
695, 13/945,053, 13/946,790, 14/216,975, and 14/447,612
are herein incorporated by reference in their entirety.

The systems and methods discussed herein address the
challenges in fusing the sacroiliac joint.

SUMMARY

One implementation of the present disclosure may take
the form of a sacroiliac joint fusion system. In certain
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embodiments, the system may include a joint implant, an
anchor element and a delivery tool.

In certain embodiments, the joint implant may include a
proximal end, a distal end, a longitudinal axis extending
between the proximal and distal ends of the joint implant,
and a graft window extending non-parallel to the longitu-
dinal axis. The anchor element may include a proximal end
and a distal end. The anchor element may be configured to
be received in the graft window of the joint implant.

In certain embodiments, the delivery tool may include an
implant arm, an anchor arm, and a positioning arm. In
certain embodiments, the implant arm may include an
implant shaft extending between a proximal end and a distal
end of the implant arm, and a longitudinal axis extending
between the proximal and distal ends of the implant arm.
The distal end of the implant arm may be configured to
releasably couple to the proximal end of the joint implant. In
certain embodiments, the anchor arm may include an anchor
shaft extending between a proximal end and a distal end of
the anchor arm, and a longitudinal axis extending between
the proximal and distal ends of the anchor arm. The distal
end of the anchor arm may be configured to releasably
couple to the proximal end of the anchor element.

In certain embodiments, the positioning arm may be
coupled with the implant arm at a first end and coupled with
the anchor arm at a second end. The implant arm may be
configured to rotate relative to the first end along the
longitudinal axis of the implant arm within a fixed range of
rotation. When the implant arm is coupled to the first end
and the anchor arm is coupled to the second end, a delivery
arrangement may automatically exist such that the anchor
element and the joint implant align in a trajectory such that
the anchor element will be received within the graft window
upon convergence of the anchor element and the joint
implant.

In certain implementations, the anchor element may be
configured to be received within the graft window of the
joint implant in any rotational orientation of the implant arm
that is within the fixed range of rotation.

In certain implementations, the fixed range of rotation
may be about 60 degrees of rotation.

In certain implementations, the fixed range of rotation
may be about 45 degrees of rotation.

In certain implementations, the fixed range of rotation
may be between about 45 degrees and about 60 degrees of
rotation.

In certain implementations, the graft window may extend
to the distal end of the joint implant and define an opened
distal end. In this and other implementations, the joint
implant may further include a pair of generally parallel keels
extending from the proximal end to the distal end, and a
spanning member extending between the pair of generally
parallel keels at the proximal end of the joint implant. The
graft window may extend between the spanning member and
the pair of generally parallel keels.

In certain implementations, the implant shaft may be
longitudinally and slidably displaceable relative to the first
end of the positioning arm.

In certain implementations, the implant shaft may be
laterally and slidably displaceable relative to the first end of
the positioning arm, wherein lateral displacement is trans-
verse to the longitudinal axis of the implant arm.

In certain implementations, the first end may include a
channel defined in the positioning arm and the implant arm
may include a cam feature that interacts with the channel
when the implant arm is coupled to the first end. In this and
other implementations, a cross-sectional shape of the
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implant shaft defines the cam feature. In this and other
implementations, the cam feature may be configured to
rotate within the channel between a pair of locked positions
that define the fixed range of rotation.

In certain implementations, the anchor arm may include
an anchor retainer extending through a passageway of the
anchor shaft, a distal end of the anchor retainer configured
to releasably couple to the proximal end of the anchor
element. In this and other implementations, a proximal end
of the anchor retainer may include a first head that is
configured to be rotationally engaged so as to releasably
couple the distal end of the anchor retainer with the proximal
end of the anchor element.

In certain implementations, the implant arm includes an
implant retainer extending through a passageway of the
implant shaft, a distal end of the implant retainer configured
to releasably couple to the proximal end of the joint implant.
In this and other implementations, a proximal end of the
implant retainer includes a second head that is configured to
be rotationally engaged so as to releasably couple the distal
end of the implant retainer with the proximal end of the joint
implant.

In certain implementations, the implant arm includes the
cam mechanism and the positioning arm includes a channel,
wherein the cam mechanism includes a cam-shape that is
configured to only partially rotate within the channel to
define the fixed range of rotation.

In certain implementations, longitudinal displacement of
the implant arm relative to the first end is fixed beyond a
certain point so as to inhibit contact between a surface of the
joint implant and the anchor element. In this and other
implementations, the positioning arm includes an opening at
the first end that is configured to receive the implant shaft
therethrough, the implant arm comprising a stop feature that
is configured to contact the positioning arm during longitu-
dinal displacement and inhibit further displacement.

Another implementation of the present disclosure may
take the form of a method for fusing a sacroiliac joint having
a sacrum and an ilium. In certain embodiments, the method
may include providing a joint implant and a delivery tool.

In certain embodiments, the joint implant may include a
body and a graft window. The body may extend between an
implant proximal end and an implant distal end. The graft
window may extend non-parallel through the body and
extend proximally from the implant distal end to define at
least a portion of an opened distal end.

In certain embodiments, the delivery tool may include an
implant arm, an anchor arm, and a positioning arm. The
implant arm may extend between a proximal implant arm
end and a distal implant arm end. The distal implant arm end
may be configured to releasably couple to the implant
proximal end of the joint implant. The anchor arm may
extend between a proximal anchor arm end and a distal
anchor arm end. The distal anchor arm end may be config-
ured to releasably couple to a proximal end of an anchor
element.

In certain embodiments, the positioning arm may couple
the implant arm and the anchor arm such that, when coupled,
a delivery arrangement automatically exists such that the
anchor element and the joint implant align in a trajectory
such that the anchor element will be received within the graft
window upon convergence of the anchor element and the
joint implant. The implant arm may be configured to rotate
relative to the positioning arm about a longitudinal axis of
the implant arm within a fixed range of rotation.

In certain embodiments the method may further include
releasably coupling the implant proximal end to the distal
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implant arm end and releasably coupling the proximal end of
the anchor to the distal anchor arm end.

In certain embodiments, the method may further include,
first, delivering the anchor element transversely through the
sacroiliac joint and, second, delivering the joint implant
non-transversely into the sacroiliac joint such that the anchor
element is positioned within the graft window of the joint
implant. The joint implant may be in an orientation within
the sacroiliac joint such that the body and the graft window
are a generally within a plane defined by the sacroiliac joint.

In certain embodiments, the method may further include
uncoupling the distal implant arm end from the implant
proximal end and uncoupling the distal anchor arm end from
the proximal end of the anchor element.

In certain implementations, the method may include rotat-
ing the implant arm about the longitudinal axis and within
the fixed range of rotation to select a final implant trajectory
that will result in delivery of the joint implant into the
sacroiliac joint in the orientation.

In certain implementations, the fixed range of rotation
may be about 60 degrees of rotation.

In certain implementations, the fixed range of rotation
may be between about 20 degrees and about 90 degrees.

In certain implementations, the body of the joint implant
may further include a first keel, a second keel opposite the
first keel, and a spanning member coupling and extending
between the first and second keels at the implant proximal
end. The graft window may be defined between the first and
second keels and the spanning member. In this and other
implementations, the body of the joint implant may further
include a pair of wing members coupled with the spanning
member and extending generally perpendicularly from a
surface of the spanning member that extends between the
first and second keels. In this and other implementations, the
surface of the spanning member may be a planar surface.

In certain implementations, the step of uncoupling the
distal implant arm end from the implant proximal end may
entail rotationally engaging a proximal portion of an implant
retainer. The implant retainer may extend through a pas-
sageway that extends through the implant arm and define the
distal implant arm end that releasably couples with the
implant proximal end.

In certain implementations, the step of uncoupling the
distal anchor arm end from the proximal end of the anchor
element entails rotationally engaging a proximal portion of
an anchor retainer, the anchor retainer extending through a
passageway that extends through the anchor arm and defin-
ing the distal anchor arm end that releasably couples with the
proximal end of the anchor element.

In certain implementations, the implant arm may include
a cam mechanism and the positioning arm includes a chan-
nel. The cam mechanism may include a cam-shape that is
configured to only partially rotate within the channel to
define the fixed range of rotation.

In certain implementations, a distal-most depth of deliv-
ery of the joint implant may be fixed so as to inhibit contact
between a surface of the joint implant and the anchor
element.

In certain implementations, a proximal portion of the
implant arm includes a stop feature that is configured to
contact the positioning arm when the distal-most depth is
reached.

In certain implementations, an implant may be inserted
into the sacroiliac joint region along a generally arcuate
path. Accordingly, a surgical preparation technique and tools
may be utilized while operating in the arcuate path. The
implant arcuate path may follow and generally match the
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surgical preparation arcuate path and a path arc may include
aradius of between approximately 3 cm to 6 cm. The portion
of the path having an arcuate path including a radius of
between approximately 3 cm to 6 cm may reside substan-
tially in the plane of the sacroiliac joint or in a plane in close
proximity and generally parallel thereto. Furthermore, the
arcuate path may generally or substantially reside in a
sacroiliac joint articular region. Additionally, an implant
may be selected for use during the procedure which sub-
stantially matches the radius or curvature of the arcuate or
curved insertion path or surgical preparation path.

In certain implementations, a curved implant may
include: 1) a proximal end region configured to couple with
an inserter; 2) a first distally extending member coupled to
the implant proximal region; 3) a second distally extending
member coupled to the implant proximal region and spaced
apart from the first distally extending member, and 4) a gap
between the first and second distally extending members at
a distal end region such that the first and second distally
extending members are connected to one another only at the
proximal end region; wherein the proximal end region
further includes a first and second bone contact surface
generally opposed to one another and where said contact
surfaces extend distally from a proximal end region contact
surface extreme proximal first and second edge, respec-
tively, toward an implant distal end; and wherein a superior
end of the proximal end region defines a coupling location
of the first distally extending member, and the superior end
extends between the contact surfaces; and where an inferior
end of the proximal end region defines a coupling location
of the second distally extending member, and the inferior
end extends between the contact surfaces; and wherein each
the first and second distally extending members comprise a
first and second longitudinally extending axis, respectively,
and the first and second longitudinal axes curve along a
length of the implant such that the first and second curved
axes are concentrically aligned.

Furthermore, the first and second distally extending mem-
bers may further include a first and second maximum
thickness and a first and second maximum width, respec-
tively, the first maximum thickness defined between a point
on a superior most surface and an inferior most surface of a
lateral end region of the first distally extending member; the
second maximum thickness defined between a point on a
superior most surface and an inferior most surface of a
lateral end region of the second distally extending member;
the first maximum width defined between a first extreme
lateral edge of a first lateral edge region of the first distally
extending member and a second extreme lateral edge of a
second lateral edge region of the first distally extending
member; the second maximum width defined between a first
extreme lateral edge of a first lateral edge region of the
second distally extending member and a second extreme
lateral edge of a second lateral edge region of the second
distally extending member, wherein the first and second
lateral edge regions of both the first and second distally
extending members extend lateral beyond the first and
second contact surfaces, respectively; and wherein the first
maximum thickness is greater than the second maximum
thickness and the first maximum width is greater than the
second maximum width and wherein the extreme lateral
edges of the first distally extending member extend a greater
distance from the first and second contact surfaces versus the
distance between the extreme lateral edges of the second
distally extending members and the first and second contact
surfaces. Additionally, at a distal end region of the first
distally extending member, the superior and/or inferior
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surfaces may taper toward one another. Said taper may be
configured in different manners; e.g., the distal end region of
the superior surface may have a curvature which is concen-
trically aligned with the first axis while the inferior surface
may taper toward an extreme distal edge of the superior
surface such that when implanted the first distally extending
member may transition from a neutral condition to an
expanded condition; the neutral condition is such that the
first axis is substantially concentrically aligned with a cen-
tral curved longitudinal axis of the implant; and the
expanded condition is such that the distal end region of the
first distally extending member is displaced further from the
central axis versus the neutral condition. Alternatively, the
taper may be configured where both the superior and inferior
surfaces taper toward one another such that the first distally
extending member remains in a generally neutral condition
when advanced into the joint. Said curved implant may be
positioned into the sacroiliac joint such that a point of
concentricity (as defined by the first and second curved axes)
is generally posterior and/or dorsal the implant body after
final implant placement such that the second distally extend-
ing member is in proximity to a sacroiliac joint ventral
boundary (a combination of the inferior boundary segment,
anterior-inferior corner and anterior boundary segment).

While multiple embodiments are disclosed, still other
embodiments of the present disclosure will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the disclosure. As will be realized, the various
embodiments of the present disclosure are capable of modi-
fications in various aspects, all without departing from the
spirit and scope of the present disclosure. Accordingly, the
drawings and detailed description are to be regarded as
illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top isometric view of a delivery system with
an anchor arm, an implant arm, and a positioning arm
coupled therebetween.

FIG. 2 is a bottom isometric view of the delivery system
of FIG. 1.

FIG. 3A is a side isometric view of the anchor arm
coupled with an anchor.

FIG. 3B is a cross-sectional side isometric view of the
anchor arm coupled with the anchor.

FIG. 4 is an isometric view of the positioning arm.

FIG. 5A is an isometric side view of the implant arm and
handle assembly.

FIG. 5B is a cross-sectional view of the implant arm and
the handle assembly.

FIG. 6 is an isometric, cross-sectional view of a channel
and a proximal end of the implant arm.

FIG. 7 is a top view of the cross-sectional illustration of
FIG. 6 depicting the implant arm in a particular rotational
orientation.

FIG. 8 is another top view of the cross-sectional illustra-
tion of FIG. 6 depicting the implant arm in another particular
rotational orientation.

FIG. 9 is an isometric view of the implant.

FIG. 10 is an isometric view of another implant.

FIG. 11 A is a right lateral view of a hip region of a patient
lying prone.

FIG. 11B is an enlarged view of the hip region of FIG.
11A.
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FIG. 11C is a close-up lateral side view of the hip region
with the nearest ilium removed in order to show an implant
positioned within the joint region

FIGS. 12A-12H are steps in the methodology and illus-
trated in the same transverse cross-section taken along a
plane extending medial-lateral and anterior-posterior.

FIG. 13A is a posterior view of a hip region of a skeletal
structure and an isometric view of an anchor arm approach-
ing a lateral surface of an ilium.

FIG. 13B is the same view of the hip region of FIG. 13A
but with the anchor arm advanced relative to the ilium.

FIG. 13C is a top view of the hip region of the skeletal
structure looking caudal with the positioning arm coupled
with the anchor arm.

FIG. 13D is the same view of the hip region of the skeletal
structure of FIG. 13C but with the implant arm coupled to
the positioning arm.

FIG. 13E is the same view of the hip region of the skeletal
structure of FIGS. 13C-13D but the implant is positioned
within the sacroiliac joint.

FIG. 13F is a side view of the hip region of the skeletal
structure with the nearest ilium removed to show the implant
and anchor positioned within the sacroiliac joint.

FIG. 14A is an isometric top view of a positioning arm.

FIG. 14B is a bottom view of the positioning arm of FIG.
14A.

FIG. 14C is a side view of the positioning arm of FIG.
14A coupled with an implant arm and an anchor arm.

FIG. 14D is a cross-sectional view of the positioning arm,
implant arm, and anchor arm of FIG. 14C with an anchor
positioned within a graft window of an implant.

FIG. 14E is a cross-sectional view of the positioning arm,
implant arm, and anchor arm of FIG. 14C with the anchor
positioned distal of the graft window of the implant.

FIG. 14F is a bottom view of the positioning arm, implant
arm, and anchor arm with the anchor arm positioned in an
offset collar of the positioning arm.

FIG. 15A is a side view of a delivery tool rotatably
coupled with a curved implant.

FIG. 15B is an isometric top and exploded view of the
delivery tool and implant of FIG. 15A.

FIG. 15C is an isometric bottom and exploded view of the
delivery tool and implant of FIG. 15A.

FIGS. 15D-15F are close-up views of the implant rotat-
ably coupled with the delivery tool with the implant in
various degrees of rotation relative to the delivery tool.

FIG. 15G is a side cross-sectional view of the implant
rotatably coupled with the delivery tool with the cross-
section along a longitudinal axis of the implant.

FIG. 15H is a side cross-sectional view of the implant
rotatably coupled with the delivery tool with the cross-
section along an axis perpendicular to the longitudinal axis
of the implant.

FIG. 16A is a front isometric view of another embodiment
of an implant.

FIG. 16B is a back isometric view of the implant of FIG.
16A.

FIG. 16C is a side view of the implant of FIG. 16A.

FIG. 16D is a back isometric view of the implant of FIG.
16A with wider upper keels and narrower lower keels.

FIG. 17A is a side isometric view of a first embodiment
of an implant with an angled end cap.

FIG. 17B is a side isometric view of a second embodiment
of an implant with an angled end cap.

FIG. 17C is a series of views of a first embodiment of an
implant with an asymmetric end cap.
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FIG. 17D is a series of views of a second embodiment of
an implant with an asymmetric end cap.

FIG. 18A is a front isometric view of a delivery tool
coupled with an implant via a gripping mechanism.

FIG. 18B is a back isometric view of the delivery tool and
implant of FIG. 18A.

FIG. 18C is an isometric side and exploded view of the
various components of the delivery tool and implant of FIG.
18A.

FIG. 18D is a side and exploded view of the various
components of the delivery tool and implant of FIG. 18A.

FIG. 18E is a side view of the delivery tool and implant
of FIG. 18A with an impactor positioned superior of an
implant arm.

FIG. 18F is a side view of the delivery tool and implant
of FIG. 18A with an impactor positioned inferior of the
implant arm.

FIG. 18G is a side isometric and cross-sectional view of
the delivery tool and implant where the cross-section is
along a longitudinal axis of the delivery tool and implant and
where the lever handle is in a closed position.

FIG. 18H is a close-up view of the gripping mechanism
shown in FIG. 18G.

FIG. 18I is a side isometric and cross-sectional view of
the delivery tool and implant where the cross-section is
along a longitudinal axis of the delivery tool and implant and
where the lever handle is in an opened position.

FIG. 18] is a close-up view of the implant coupled with
the delivery tool shown in FIG. 18I.

FIG. 18K is an isometric side view of the delivery tool and
implant in an uncoupled state with the lever handle in an
opened position.

FIG. 18L is an isometric front view of the implant
showing an anti-migration element.

FIG. 19A is an isometric front and bottom view of another
implant embodiment.

FIG. 19B is an isometric front and top view of the implant
shown in FIG. 19A.

FIG. 19C is a top view of the implant shown in FIG. 19A.

FIG. 19D is a bottom view of the implant shown in FIG.
19A.

FIG. 19E is an isometric side and back view of the implant
shown in FIG. 19A.

FIG. 19F is a back view of the implant shown in FIG.
19A.

FIG. 20 is a perspective view of an adjustable delivery
system with a slidable anchor arm and a bone paste insertion
element.

FIG. 21 is a side cross-sectional view of a delivery tool
with a bone paste insertion element.

FIG. 22 is a perspective cross-sectional view of a delivery
tool with a bone paste insertion element.

FIG. 23 is a perspective view of a delivery tool with a
bone paste insertion element.

FIG. 24 is a cross-sectional close-up view of a delivery
tool with a bone paste insertion element and an implant with
a plurality of bone paste channels.

FIG. 25 is another perspective view of the delivery tool
with the bone paste insertion element.

FIG. 26 is a close-up perspective view of the implant
coupled to a distal end of the delivery tool.

FIG. 27 is a close-up perspective view of the implant
coupled to the distal end of the delivery tool from the
opposite side as FIG. 26.



US 10,383,664 B2

11

FIG. 28 is a cross-sectional side view of the implant and
distal end of the delivery tool.

DETAILED DESCRIPTION

1. Delivery Tool for Fusion of the Sacroiliac Joint

Implementations of the present disclosure involve a deliv-
ery tool for fusing a sacroiliac joint involving an implant
delivered within a plane of the joint and an anchor delivered
transversely (i.e., across) the joint. The delivery tool is
configured to deliver the anchor prior or subsequent to
delivery of the implant. The delivery tool, in particular, may
include an anchor arm coupled to an implant arm via a
positioning arm. The positioning arm is removably, rota-
tionally, and slidably coupled with both the anchor arm and
the implant arm. The positioning arm includes a rotating
joint at the connection with the implant arm such that the
implant arm may rotate within a “window” of orientations
that are configured to allow an anchor at a distal end of the
anchor arm to be positioned within a graft window or
opening of an implant at a distal end of the implant arm. The
rotational “window” of orientations may be mechanically
fixed at the rotating joint such that rotational movement of
the implant arm is restrained to orientations within the
“window.” Such a configuration of a delivery tool with a
range of allowable orientations of the implant arm relative to
the anchor arm allows for blind delivery of an implant or
anchor (i.e., depending on the order of delivery) that ensures
positioning of the anchor within the graft window of the
implant.

To begin, reference is made to FIG. 1, which depicts a
delivery tool 100 in an isometric view. As seen in the figure,
the delivery tool 100 includes an anchor arm 102, an implant
arm 104, and a positioning arm 106 coupled between the
anchor arm 102 and implant arm 104. The anchor arm 102
may include an anchor shaft 108 with a handle 110 at a
proximal end 112 and an anchor retainer 114 at a distal end
116. The anchor retainer 114 may releasably couple with a
proximal end 118 of an anchor element 120. The anchor
retainer 114 may include a shaft (as seen in FIG. 3B) that
extends through an internal passageway in the anchor shaft
108. The anchor retainer 114 may include a head 168 at the
proximal end 112 of the anchor arm 102. The head 168 may
be rotationally engaged by a user to releasably couple the
anchor retainer 114 and the anchor element 120. The anchor
element 120 may be a bone screw or anchor or similar
device configured to be delivered through a patient’s bone
(e.g., sacrum, ilium). The anchor element 120 may have a
threading 122 on its outer surface and may include a tapered
distal end 124.

Referring to the positioning arm 106, it includes a pair of
collars 126 that are each configured to receive the anchor
shaft 108 and orient the anchor shaft 108 such that it may
rotate and translate; however, angling of the anchor arm 102
relative to the positioning arm 106 is restrained. Angling is
restrained because the collars include a diameter that is
slightly larger than an outer diameter of the anchor shaft 108.

Extending away from and coupled to the pair of collars
126 is an arcuate positioning member 128. As seen in FIG.
1, the positioning member 128 is positioned directly above
one of the collars 126 while the other one of the collars 126
is offset from the positioning member 128. A channel 130 is
formed in the positioning member 128 on an end opposite
the pair of collars 126. The channel 130 defines a stadium-
shaped opening that extends from a proximal edge 132 to a
distal edge 134 of the channel 130. The channel 130 is
bounded by generally perpendicular side walls 136 and
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rounded end walls 138 that are positioned between the side
walls 136. The channel 130 is configured to receive the
implant arm 104 and restrain its rotation to a limited,
predetermined range. As will be discussed later, the channel
130 and the implant arm 104 form a rotating joint about
which the implant arm 104 may be rotated relative to
positioning arm 106 and the anchor arm 102, or vice versa.

While the positioning member 128 is depicted as being
arcuate, other designs are possible and contemplated herein.
The positioning member 128 may, for example, be a single
straight member or may include multiple members of dif-
fering shapes. As another example, the positioning member
128 may include telescoping members that enable retraction
and extension of an inner telescoping member.

As seen in FIG. 1, when the anchor arm 102 is positioned
in the particular collar 126 that lies in a common plane with
the positioning member 128, the anchor element 120 is
configured to be positioned in a central portion of a graft
window 158 of an implant 150. That is, one of the collars
126 lies in a common plane with the positioning member
128, the channel 130, and, thus, the shaft 140 of the implant
arm 104. The other collar 126 is offset such that, when the
anchor arm 102 is positioned in the other collar 126, the
anchor element 120 will be positioned outside the graft
window 158 of the implant 150 (e.g., caudal or cranial of the
implant 150).

Still referring to FIG. 1, the implant arm 104 includes an
implant shaft 140 extending between a handle assembly 142
and an implant retainer 144 at a distal end 146 of the implant
arm 104. The implant retainer 144 is configured to releas-
ably couple with a proximal end 148 of an implant 150. In
this embodiment, the implant 150 is fork-shaped and
includes a pair of keels 152 extending distally from a
proximally positioned spanning member 154 that couples
with and extends between the pair of keels 152. Turning to
FIG. 2, which is bottom isometric view of the delivery tool
100, the spanning member 154 includes a bore 156 to
receive the implant retainer 144. In this embodiment, the
bore 156 and the implant retainer 144 include complemen-
tary threading; however, other mechanisms are possible to
releasably couple the implant 150 and the implant retainer
144. Referring back to the implant 150, a distal opening or
graft window 158 is defined between the pair of keels 152.
The graft window 158 is open at a distal end 160 of the
implant 150. Thus, the distal end 160 of the implant 150 is
defined by distal tips 162 of the keels 152 and the graft
window 158 extending between the distal tips 162.

As illustrated in FIGS. 1-2, the implant arm 104 is limited
to certain rotational arrangements such that the anchor
element 120 will remain positioned within the graft window
158. Conversely, the anchor arm 102 and positioning arm
106 are limited to certain rotational arrangements relative to
the implant arm 104 such that the anchor element 120 will
remain positioned within the graft window 158. That is,
either the implant arm 104 may be rotated or the anchor arm
102 and positioning arm 106 may be rotated; this will
depend on whether the implant 150 or the anchor element
120 is delivered into a patient’s body first (i.e., in a fixed
position). In this way, for example, a surgeon may choose to
initially deliver the anchor element 120 into the patient’s
body. Subsequently, the surgeon may choose to deliver the
implant 150. Prior to delivery of the implant 150, the
surgeon may rotate the implant arm 104 relative to the
positioning arm 106 and anchor arm 102 until a trajectory is
chosen to deliver the implant 150 into the joint space. The
surgeon is able to rotate the implant arm 104 relative to the
positioning arm 106 and the anchor arm 102 because they
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are in a fixed position (i.e., anchored to the patient’s bone)
relative to the implant arm 104. Thus, any rotational position
of the implant arm 104 chosen by the surgeon will ensure
that, when delivered into the joint space, the anchor 150 will
be positioned within the graft window 158 of the implant
150.

Alternatively, for example, a surgeon may choose to
initially deliver the implant 150 into the surgical area.
Subsequently, the surgeon may choose to deliver the anchor
element 120. Prior to delivery of the anchor element 120, the
surgeon may rotate the anchor arm 102 and the positioning
arm 106 relative to the implant arm 104 until a trajectory is
chosen to deliver the anchor element 120 transversely across
the joint space. The surgeon is able to rotate the anchor arm
102 and positioning arm 106 as an assemblage relative to the
implant arm 104 because the implant arm is in a fixed
position (i.e., implanted in the patient’s joint) relative to the
anchor arm 102 and positioning arm 106. Thus, any rota-
tional position chosen by the surgeon will ensure that, when
delivered transversely across the joint space, the anchor 150
will be positioned within the graft window 158 of the
implant 150.

Reference is now made to FIG. 3A, which is an isometric
side view of the anchor arm 102 coupled to the anchor
element 120. As seen in the figure, the anchor shaft 108 is
a tubular member that couples to the handle 110 at the
proximal end 112 of the anchor arm 102. The handle 110
includes a hexagonal cross-section, although other cross-
sectional shapes are possible. As illustrated in FIG. 3B,
which is a longitudinal cross-section view of the anchor arm
102 and the anchor element 120, the anchor retainer 114 is
a cylindrical member (similar to a bolt) that extends through
and is slidingly received within an internal passageway 164
of the shaft 108 of the anchor arm 102. A proximal end 166
of the implant retainer 114 includes the head 168 that may
be shaped to fit a surgical tool configured to rotate the
implant retainer 114. In this embodiment, the head 168 is a
hexagonal bolt-type head. The head 168, however, may be
differently shaped. Referring still to FIG. 3B, the head 168
distally transitions to a smooth shank 170. At a distal end
172 of the implant retainer 114 is a reduced diameter section
174 that includes a threaded section 176. The reduced
diameter section 174 is configured to protrude through a
distal opening 178 in the shaft 108 of the anchor arm 102.
The distal opening 178 is sized to permit the reduced
diameter section 174 from extending therethrough, but not
the shank 170, which has a diameter that is larger than the
reduced diameter section 174.

As seen in FIG. 3B, the threaded section 176 is a male-end
that is configured to threadably engage with a female-end
180 at the proximal end 118 of the anchor element 120. In
operation, the implant retainer 114 may be slidingly engaged
and received within the internal passageway 164 in the
anchor arm 102. The implant retainer 114 may be distally
advanced such that the reduced diameter section 174 extends
through the distal opening 178 in the shaft 108 of the anchor
arm 102. At this point, the proximal end 118 of the anchor
element 120 may be threadably engaged with the threaded
section 176 by rotating the implant retainer 114 relative to
the anchor element 120. When the anchor element 120 is
fully, threadably engaged with the implant retainer 114, the
proximal end 118 of the anchor element 120 abuts the distal
end 116 of the anchor arm 116.

Referring back to FIGS. 1-2, once the anchor element 120
is fully secured to the anchor arm 102 via the implant
retainer 114, the assemblage may be positioned within one
of the collars 126 of the positioning arm 106. Or, if the
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anchor element 120 is to be delivered into the patient’s body
prior to the implant 150, the anchor arm 102 may be utilized
by itself. In either situation, the anchor arm 102 may be
distally advanced and rotationally driven into the patient’s
bone by rotating the assemblage of the anchor arm 102
coupled with the anchor until the anchor element 120 is
sufficiently positioned within the patient’s bone. At that
point, the implant retainer 114 may be rotationally disen-
gaged with the anchor element 120 and the anchor arm 102
may be removed from contact with the anchor element 120,
which is left in place in the patient’s bone. Alternatively, the
anchor arm 102 may remain coupled with the anchor ele-
ment 120 such that the positioning arm 106 and the implant
arm 104 may be coupled with the anchor arm 102 for the
subsequent delivery of the implant 150 into the joint space.

Reference is now made to FIG. 4, which depicts an
isometric view of the positioning arm 106. In this embodi-
ment of the positioning arm 106, the collars 126 include an
expansion slit 182 extending from a proximal edge 184 to a
distal edge 186. In this way, the collars 126 may expand and
provide a friction or interference fit against the anchor shaft
108 of the anchor arm 102 when it is received within the
collars 126. Also in this embodiment of the positioning arm
106, the channel 130 is formed by the generally parallel side
walls 136 and a single end wall 138. That is, a distal end 188
of the channel 130 is open. In other embodiments (e.g.,
FIGS. 1-2), the distal end 188 of the channel 130 is closed
and bounded by another end wall 138.

Turning now to the implant arm 104, reference is made to
FIG. 5A, which depicts an isometric side view of the implant
arm 104 and handle assembly 142. At the proximal end 190
of the implant arm 104, the implant shaft 140 includes a pair
of members 192 that extend from a surface of the implant
shaft 140. As will be seen in FIGS. 6-7, the pair of members
192 define a cam-shaped cross-section that is received
within the channel 130 (not shown) of the positioning arm
106 (not shown). Distal of the pair of members 192, the
implant shaft 140 defines a circular cross-section. The
proximal end 190 of the implant arm 104 is configured to be
releasably secured to the handle assembly 142. Alterna-
tively, the handle assembly 142 may be fixedly secured to
the implant arm 104.

As seen in FIG. 5B, which is a cross-sectional view of the
implant arm 104 and the handle assembly 142, the implant
retainer 144 extends through a passageway 254 that extends
though the implant shaft 140 from a proximal end 256 to the
distal end 146 of the implant arm 104. At the distal end 146
of the implant arm 104, the implant retainer 144 threadably
couples to the proximal end 148 of the implant 150. At the
proximal end 256 of the implant arm 104, the implant
retainer 144 couples with a rotationally engageable head 258
that is configured to be rotated in order to couple and
decouple the implant retainer 144 and the implant 150. As
seen in FIGS. 5A-5B, the handle assembly 142 includes an
enlarged body 260 at the proximal end 256 of the implant
arm 104. The handle assembly 142 also includes a handle
262 extending generally perpendicularly off of the enlarged
body 260 that is configured to be grasped by a surgeon
during a surgical procedure.

The enlarged body 260 at the proximal end 256 of the
implant arm 104 includes an increased diameter compared
with the implant shaft 140 and the pair of members 192. The
enlarged body 260 is sized such that it will not extend
through the channel 130 of the positioning arm 106 as the
implant arm 104 is distally advanced, as seen in FIG. 1,
which ensures that the implant 150 will remain in a pre-
defined orientation relative to the anchor element 120. In
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operation, the implant 150 may be distally advanced until a
distal end 264 of the enlarged body 260 contacts the proxi-
mal edge 132 of the channel 130. In this orientation, the
anchor element 120 will be positioned within the graft
window 158 of the implant 150.

As seen in FIG. 6, which is an isometric, cross-sectional
view of the channel 130 and the proximal end 190 of the
implant arm 104, the portion of the implant shaft 140 having
the pair of members 192 and the implant retainer 144 are
configured to be received within the channel 130 of the
positioning arm 106 to form a rotating joint. In this figure,
the cross-section is taken along the channel 130 and per-
pendicular to the extension of the implant arm 104. As seen
in the figure, the pair of members 192 define a cam-shape
that is semi-elliptic or similar to a rhombus or lozenge with
rounded corners. Other cam-shapes are possible such as, for
example, an egg-shaped or elliptic shape. As illustrated in
this figure, the implant shaft 140 is positioned within the
channel 130 such that a minor axis MNA of the cam-shaped
cross-section of the implant shaft 140 generally extends
across the channel 130 and in between the parallel side walls
136. And, the major axis MJA of the cam-shaped cross-
section of the implant shaft 140 generally extends along a
longitudinal axis 194 of the channel 130. In this way, the
implant shaft 140 is configured to rotate within a range of
degrees relative to the channel 130 (and, thus, the implant is
configured to rotate within the same range relative to the
anchor element 120) where the range of degrees is fixed by
the size and orientation of the cam-shaped cross-section of
the pair of members 192 on the implant shaft 140.

In certain embodiments, the implant shaft 140 may rotate
with a range of about 70 degrees. In certain embodiments,
the range of degrees may be 40, 50, or 60, among others.
Such a range may depend on a size or orientation of an
anchor element 120 or implant 150. That is, a particular
implant 150 may have a relatively small graft window 158
such that a corresponding implant arm 104 must be used
with an implant shaft 140 having a smaller range of rotation.
Conversely, a particular implant 150 having a relatively
larger graft window 158 may allow for an implant arm 104
having an implant shaft 140 that allows for a larger range of
rotation.

Reference is now made to FIG. 7, which is a close-up, top
view of the cross-sectional illustration of FIG. 6. As seen in
the figure, the implant shaft 140 is neutrally positioned
within the channel 130 of the positioning arm 106. That is,
the major axis MJA is generally parallel with a longitudinal
axis 194 of the channel 130 and with the side walls 136. In
the neutral position, outer surfaces 196 on the implant shaft
140 that are on the minor axis MNA abut inner walls 198 of
the channel 130. Between these outer surfaces 196 define a
diameter that is similar to a length 200 defined between the
inner walls 198 of the channel 130. As seen in the figure, the
implant shaft 140 may rotate clockwise or counterclockwise
within the range of degrees determined by the geometric
orientation of the cam-shaped cross-section of the implant
shaft 140. Within the range of degrees, the implant shaft 140
is configured to rotate the implant 150 relative to the anchor
element 120 such that the anchor element 120 will remain
positioned within the graft window 158 of the implant 150.

Turning to FIG. 8, which is another close-up, top view of
the cross-sectional illustration of FIG. 6, the implant shaft
140 is in a locked position within the channel 130. That is,
the implant shaft 140, in FIG. 8, has been rotated counter-
clockwise from the neutral position (as shown in FIG. 7)
such that the geometric configuration of the cam-shaped
cross-section of the implant shaft 140 is locked or prevented
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from further rotation within the channel 130. In this position,
camming surfaces 202 of the implant shaft 140 contact
opposing inner walls 198 of the channel 130 and are
prevented from further counterclockwise rotation by the
force exerted on the camming surfaces 202 by the inner
walls 198. Further rotation is restricted because the diameter
of the implant shaft 140 increases and causes the camming
surfaces 202 to contact the inner walls 198 of the channel
130. While FIG. 8 only shows the implant shaft 140 in a
counterclockwise rotation, the implant shaft 140 will simi-
larly lock in a clockwise rotation by camming surfaces 202
contacting the inner walls 198 of the channel. Generally, the
range of degrees of allowable rotation of the implant shaft
140 relative to the channel 130 will be equally split between
clockwise and counterclockwise rotation on either side of
the neutral position; however, the implant shaft 140 may be
shaped such that rotation is unequally split between clock-
wise and counterclockwise rotation.

As seen in FIGS. 7-8, the implant shaft 140 may be
positioned within the channel 130 at any point along the
longitudinal axis 194 of the channel 130. That is, the implant
arm 104 or, more particularly, the implant shaft 140 may
translate distal-proximal within the channel 130. Thus, as
the implant shaft 140 is distally translated, the implant 150
is positioned closer to the tapered distal end 124 of the
anchor element 120. And, as the implant shaft 140 is
proximally translated, the implant 150 is positioned closer to
the proximal end 118 of the anchor element 120. In addition,
the implant shaft 140 may extend through the channel 130
at an angle such that the implant shaft 140 is not parallel to
the end walls 138 of the channel 130. In other words, the
implant shaft 140 may extend at angles other than perpen-
dicular relative to the anchor arm (not shown in FIGS. 7-8).
Alternatively, the implant shaft 140 may be restrained from
such angling relative to the anchor arm.

Moving on, reference is made to FIG. 9, which is an
isometric view of the implant 150. As seen in the figure, the
implant 150 includes a pair of keels 152 extending distally
from the proximal end 148 of the implant 150. Extending
between the keels 152 at the proximal end 148 is the
spanning member 154 that includes the bore 156 for receiv-
ing the implant retainer 144 (not shown in FIG. 9). And,
extending between the keels 152 at the distal end 160 and
extending proximally to the spanning member 154 is the
graft window 158. The pair of keels 152 include distal tips
162 that converge to a point.

The implant 150 further includes a top surface 204 and a
bottom surface 206 generally opposite the top surface 204.
The top and bottom surfaces 204, 206 extend onto each of
the keels 152. The top and bottom surfaces 204, 206 are also
generally perpendicular to outer surfaces 208 and inner
surfaces 210 of the keels 152. On the top and bottom
surfaces 204, 206 of each of the keels 152 is a fin 212 that
extend from the proximal end 148 of the implant 150 to a
distal end 214 of the keels 152 where the keels 152 begin
tapering towards the distal tip 162. The fins 212 extend
outward from the top and bottom surfaces 204, 206 and
include opposite side surfaces 216 that converge at a blade-
like edge 218 that extends from a length of the fin 212. The
distal end 220 end of the fin 212 is beveled. While the
blade-like edge 218 is shown with a straight-edge, the edge
may include serrations, grooves, or other features.

In certain embodiments, the implant 150 may have the
following dimensions. A length [L150 of the implant 150
may be within a range of about 25 mm to about 60 mm. In
certain embodiments, the length L.150 may be about 30 mm,
40 mm, or 50 mm. A width W150 of the implant 150 may
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be within a range of about 15 mm to about 40 mm. In certain
embodiments, the width W150 may be about 20 mm, 27.5
mm, or 35 mm. A thickness TH150 of the implant 150
defined between the top and bottom surfaces 204, 206 may
be within a range of about 2.5 mm to about 10 mm. In certain
embodiments, the thickness TH150 may be about 3 mm, 5
mm, or 7 mm. Furthermore, the thickness TH150 may vary
between the distal and proximal end; e.g., the proximal end
region may have a substantially smaller TH150, e.g.,
between 2 mm and 4 mm, versus a substantially larger
TH150 at a proximal end region which may have a TH150
of approximately 5 mm to about 8 mm. A graft window
width GWW150 of the implant 150 defined between the
inner walls 210 of the keels 152 may be within a range of
about 7 mm to about 30 mm. In certain embodiments, the
graft window width GWW150 may be about 10 mm, 15 mm,
or 20 mm. The graft window width GWW150 may extend
about 20% to about 80% of the width W150 of the implant
150. In certain embodiments, the graft window width
GWW150 may extend between about 30%, 50%, or 70% of
the width W150 of the implant 150. A graft window depth
GWD150 of the implant 150 defined between the opened
distal end 160 of the implant 150 and a distal surface of the
spanning member 154 may be within a range of about 22
mm to about 57 mm. In certain embodiments, the graft
window depth GWD150 may be about 25 mm, 35 mm, or 45
mm. The graft window depth GWD150 may extend about
30% to about 90% of the length [.150 of the implant 150. In
certain embodiments, the graft window depth GWD150 may
extend between about 50%, 65%, or 80% of the length [.150
of the implant 150.

Other implant designs for use with the delivery tool 100
are possible and contemplated by the present disclosure. For
example, FIG. 10 depicts an isometric view of another
embodiment of an implant 222. As seen in the figure, the
implant 222 includes a pair of keels 224 extending distally
from a proximal end 226 of the implant 222. A spanning
member 228 extends between the keels 224 at the proximal
end 226 of the implant 222. Extending between inner
surfaces 236 of the keels 224 and the spanning member 228
is a graft window 238 that extends from a distal end 240 of
the spanning member 228 to a distal end 242 of the implant
222. The graft window 238 is open at the distal end 242 such
that the implant 222 may be delivered subsequently to
delivery of an anchor (not shown) into a joint space where
the anchor is positioned within the graft window 238.

Referring still to FIG. 10, the spanning member 228
further includes a top surface 230 and a bottom surface 232
generally opposite the top surface 230. Extending generally
perpendicularly from the top and bottom surfaces 230, 232
of the spanning member 228 are wing members 234 that are
centrally positioned between the keels 224. The wing mem-
bers 234 extend from the proximal end 226 to the distal end
240 of the spanning member 228. The implant 222 may
include an end cap 244 at the proximal end 226 of the
implant 222. As seen in the figure, the end cap 244 is
cross-shaped and plate-like and is coupled to the keels 224
and wing members 234. Extending through the end cap 244
and a portion of the spanning member 228 is a bore 252 that
is configured to releasably couple with the implant retainer
144. An outer edge 246 of the end cap 244 lies flush with a
top surface 248 of the wing members 234. And, the outer
edge 246 also extends beyond a top surface 250 of the keels
224. A width W, of the keels 224 is about equal to a width
W, of the end cap 244. A width W, of the wing members
234 is smaller than the width W_, of the end cap 244.

10

15

20

25

30

35

40

45

50

55

60

65

18

Example dimensions for the implant 222 may be the same
or similar to those described in reference to the implant 150
of FIG. 9. Additional dimensions regarding the wing mem-
ber 234 may be as follows. The wing members 234 may
extend a height H,,,,, of about 3 mm to about 15 mm from the
top and bottom surfaces 230, 232 of the spanning member
228. In certain embodiments, the height H  of the wing
members 234 may extend about 5 mm, 8 mm, or 10 mm
from the top and bottom surfaces 230, 232. The wing
members 234 may include a width W, of about 2 mm to
about 7 mm. In certain embodiments, the width W may be
about 2.5 mm, 3.5 mm, or 4.5 mm. The end cap 244 may
include a width W, of about 6 mm to about 15 mm. In
certain embodiments, the width W__ of the end cap 244 may
be about 7 mm, 9 mm, or 11 mm.

II. Methods of Fusing the Sacroiliac Joint with the Deliv-
ery Tool

The following discussion will focus on various methods
of accessing and fusing a sacroiliac joint utilizing the tools
and devices discussed previously. While the discussion
focuses on fusing the sacroiliac joint, the methods discussed
herein are not limiting; rather, the methods are applicable to
the fusion of other joints as well.

A. Preoperative Planning for a Surgical Fusion Procedure

Prior to any joint preparation, a surgeon or other medical
person may select a suitable procedure to fuse the sacroiliac
joint. The procedure may include fusing the joint with or
without delivering an implant in the joint space. If the
surgeon selects a procedure involving delivery of an implant
within the joint space, the surgeon will select an implant
configuration for delivery into the sacroiliac joint of the
patient based on preoperative or intraoperative data. The
data may be the result of post-processing of raw or other
imaging data (e.g. CT or MRI DICOM files). The post-
processing may include the use of a software program (e.g.,
3DSLICER available from http://www.slicer.org) that may
be used for medical image processing and 3D visualization
of image data. Other data may include the patient’s weight,
activity level, and general health.

The preoperative or intraoperative data may assist in the
planning and selecting of desirable anchor trajectories (e.g.,
starting and stopping points on patient’s soft tissue and near
or within bone tissue), anchor dimensions (e.g., length,
diameter, head size, washer, thread pitch), implant types and
dimensions, and joint preparation tool types, dimensions,
and configurations. A particularly system for preparing and
fusing the sacroiliac joint may be selected, for example, for
a hypermobile joint, which may include an implant or fusion
system that is resistant to the expected forces present at that
particular patient’s sacroiliac joint. The determination of
fixation sufficiency may be calculated based on the patient’s
data and also on the performance results of various bench
and/or finite element analysis (“FEA”) tested implant assem-
bly configurations. For example, a calculated anchor and/or
implant trajectory may be considered and determined from
certain patient imaging and post-processing data with an
overlaid implant assembly. Further, the implant assembly
footprint within the joint plane may be selected as a lower
percent of total joint surface to permit sufficient bony fusion
across the joint while maintaining a sufficient implant sacral
and iliac face surface area to prevent implant subsidence.

Specific measurements and characteristics of the patient’s
anatomy may influence the selection of a particular joint
fusion system. For example, the patient’s bone density may
be measured at numerous locations in proximity to and
surrounding the elements of the implant assembly. Lower
bone density (e.g., osteopenia, osteoporosis) corresponding
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to a T-score lower than -1, sacroiliac joint instability, or
hypermobility may require the use of an implant assembly
with a greater amount of keel (i.e., the material cross section
as defined by thickness of the keel and its length along
implant longitudinal axis and also keels extending a greater
distance into both bones defining the sacroiliac joint) and
anchor extending across the sacroiliac joint and into the
ilium and sacrum. Additionally, the relative angles between
the implant longitudinal axis and anchor or anchors, and also
the relative angles between multiple anchors (e.g., parallel,
divergent, convergent) may be preselected based on the
patient’s anatomy.

A comparison of the preoperative or intraoperative data
(e.g., sacroiliac joint surface area, joint surface contours,
joint space volume (and related dimensions), joint bound-
aries, joint mobility, loading, bone density, desirable ana-
tomic pathways) and the selected implant assembly and joint
preparation tools may be conducted to ensure or validate
compatibility before the manufacture ships the implant
system and/or before the surgeon employs the system in a
surgical procedure. After implant assembly and preparation
tools validation, the selected assemblies may be shipped to
the surgeon and the surgeon may proceed with the surgical
fusion procedure utilizing the selected assemblies.

B. Anatomical Overview and Positioning of an Implant
Non-Transversely within the Sacroiliac Joint

To begin, reference is made to FIGS. 11A-11B, which
depict various bone landmarks adjacent, and defining, the
sacroiliac joint 1000 of a patient 1001.

Reference is first made to FIG. 11A, which is a right
lateral view of a hip region 1002 of a patient 1001 lying
prone, wherein the soft tissue 1003 surrounding the skeletal
structure 1006 of the patient 1001 is shown in dashed lines.
Delivery of an implant into the sacroiliac joint 1000 is via a
posterior approach to the hip region 1002. FIG. 11B, which
is an enlarged view of the hip region 1002 of FIG. 11A,
depicts a lateral view of the patient’s hip region 1002 reveals
certain features of the ilium 1005, including the anterior
superior iliac spine 2000, the iliac crest 2002, the posterior
superior iliac spine 2004, the posterior inferior iliac spine
2006, the greater sciatic notch 2008 extending from the
posterior inferior iliac spine 2006 to the ischial spine 2010,
and the tubercle of iliac crest 2012.

The sacroiliac joint articular region 1044 is shown in
dashed lines. A posterior inferior access region 2016 of the
sacroiliac joint articular region 1044 has a superior end 2018
on the sacroiliac joint line 2019 that is between approxi-
mately 0 mm and approximately 40 mm inferior the poste-
rior inferior overhang 2020 of the posterior superior iliac
spine 2004. The posterior inferior access region 2016 of the
sacroiliac joint articular region 1044 has an inferior end
2022 on the sacroiliac joint line that is at approximately the
intersection of the posterior inferior iliac spine 2006 with the
lateral anterior curved boundary 2024 of the sacrum 1004. In
other words, the posterior inferior access region 2016 of the
sacroiliac joint articular region 1044 has an inferior end
2022 on the sacroiliac joint line that is at approximately the
superior beginning of the greater sciatic notch 2008.

Still referring to FIG. 11B, the sacroiliac joint articular
region 1044 roughly defines an L-shape that includes a
caudal region 1086 and a cranial region 1087. Access into
the caudal region 1086 of the sacroiliac joint is via the
posterior inferior access region 2016 that extends between
corners defined by the superior end 2018 and the inferior end
2022. Access into the cranial region 1087 may be accom-
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plished by continual, anterior travel in the caudal region
1086 until the articular region 1044 turns superiorly into the
cranial region 1087.

To begin a discussion of implant delivery into the sacro-
iliac joint articular region 1044, reference is made to FIG.
11C, which is a close-up lateral side view of the hip region
1002 of a patient 1001 with a nearest ilium 1005 removed in
order to show the sacroiliac joint boundary 3000 defined
along the sacrum 1004 and outlining the sacroiliac joint
articular region 1044, and an implant 150 positioned for
implantation within the sacroiliac joint articular region
1044.

As seen in FIG. 11C, boundaries along the sacroiliac joint
articular region 1044 include an inferior boundary segment
3002, an anterior boundary segment 3004, a superior bound-
ary segment 3006, and a posterior boundary segment 3008.
The inferior boundary segment 3002 is immediately adja-
cent, and extends along, the sciatic notch 2024.

The inferior boundary segment 3002 and anterior bound-
ary segment 3004 intersect to form an anterior-inferior
corner 3010. The anterior boundary segment 3004 and
superior boundary segment 3006 intersect to form an ante-
rior-superior corner 3012. The superior boundary segment
3006 and posterior boundary segment 3008 intersect to form
a superior-posterior corner 3014. The posterior boundary
segment 3008 and posterior inferior access region 2016
intersect to form a superior-posterior corner 3016 of the
posterior inferior access region 2016. The inferior boundary
segment 3002 and posterior inferior access region 2016
intersect to form an inferior-posterior corner 3018 of the
posterior inferior access region 2016.

The inferior boundary segment 3002 extends between
corners 3010 and 3018. The anterior boundary segment 3004
extends between corners 3010 and 3012. The superior
boundary segment 3006 extends between corners 3012 and
3014 and provides an access into the cranial portion 1087 of
the sacroiliac joint. The posterior boundary segment 3008
extends between corners 3014 and 3016. The posterior
inferior access region 2016 extends between corners 3016
and 3018 and provides an access into the caudal region 1086
of the sacroiliac joint. The posterior boundary segment 3008
separates articular region 1044 and extra-articular region
3007, which includes the sacral fossa on the sacrum 1004
and the corresponding iliac tuberosity on the ilium 1005 and
defined by the extra-articular region boundary 3009.

In one aspect and as seen in FIG. 11C, the implant 150
may be delivered via an implant arm 104 of a delivery tool
into the caudal region 1086 of the sacroiliac joint articular
region 1044. As shown via the implant 150 and implant arm
104 shown in solid lines, in one embodiment, the implant
150 enters the posterior inferior access region 2016, and is
further advanced into the caudal region 1086 of the sacro-
iliac joint articular region 1044, in an orientation such that
the implant top and bottom surfaces 204, 206 (as shown in
the implant 150 of FIG. 9) contact an articular surface of an
ilium and sacrum, respectively, and the portion of the
implant in between said implant surfaces resides generally in
a plane of the sacroiliac joint while at least a portion of keels
152 and/or fins 212 extend across the joint plane into the
bones defining the joint. In particular, keels and fins 152, 212
are generally parallel to and (the inferior of the pair are)
immediately adjacent the inferior boundary segment 3002.
Thus, the opened distal end 160 of the implant 150 is
heading generally perpendicular to, and towards, the anterior
boundary segment 3004.

As shown in FIG. 11C via the implant 150 and implant
arm 104 shown in dashed lines, in one embodiment, the
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implant 150 enters the posterior inferior access region 2016,
and is further advanced into the caudal region 1086 of the
sacroiliac joint articular region 1044, in an orientation such
that the implant arm 104 and keels 152 are in the joint plane
and the fin 212 of the keels 152 next to the inferior boundary
segment 3002 are somewhere between being generally par-
allel to the inferior boundary segment 3002 (as illustrated by
the solid-lined implant 150 in FIG. 11C) or forming an angle
AJ with the inferior boundary segment 3002 of up to
approximately 50 degrees. Thus, the distal end 160 of the
implant shown in dashed lines can be said to head anywhere
from generally perpendicular to, and towards, the anterior
boundary segment 3004 to heading generally towards the
superior-anterior corner 3012, or points in between.

In one embodiment, the implant 150 may be first directed
into the joint space as illustrated by the solid-lined implant
150 in FIG. 11C after which the implant 150 is rotated within
the joint space to be positioned somewhere between, and
including, angled position depicted by the dashed-lined
implant 150. In other embodiments, the implant 150 may be
first directed into the joint space as illustrated by the
dashed-lined implant 150 in FIG. 11C after which the
implant 150 is rotated within the joint space to be positioned
somewhere between, and including, the parallel position
depicted by the solid-lined implant 150. Thus, an implant
150 may be delivered non-transversely (i.e., within the joint
and not across the joint) into the caudal region 1086, the
cranial portion 1087, or partially within each of the caudal
and cranial regions 1086, 1087 of the sacroiliac joint articu-
lar region 1044. Further details of the implant delivery can
be found in related applications, such as U.S. patent appli-
cation Ser. No. 12/998,712, filed Jan. 13, 2011, entitled
“SACROILIAC JOINT FIXATION FUSION SYSTEM,”
which is incorporated by reference herein in its entirety.

C. Accessing and Preparing the Sacroiliac Joint for
Implant and/or Anchor Delivery

Now that an overview of the relevant anatomical land-
marks and positioning of an implant non-transversely within
the sacroiliac joint has been described, the discussion may
now focus on delivery of an anchor and/or and implant into
the surgical site. In doing so, reference will be made to
FIGS. 12A-12H, among additional figures, which are steps
in the methodology and illustrated in the same transverse
cross section taken in along a plane extending medial-lateral
and anterior posterior. In this cross section, articular surfaces
1016 are covered by a thick layer of articular cartilage with
a joint space existing between them, the FIGS. 12A-12H are
simplified for illustrative purposes and do not show these
features to scale.

Now referring primarily to FIG. 12A, an embodiment of
the method can include the step of placing a patient under
sedation prone on a translucent operating table (or other
suitable surface). The sacroiliac joint 1000 can be locally
anesthetized to allow for injecting a radiographic contrast
1046 (as a non-limiting example, Isoview 300 radiographic
contrast) under fluoroscopic guidance into the inferior aspect
of the sacroiliac joint 1000 to outline the articular surfaces
1016 of the sacroiliac joint 1000) defined between the
sacrum 1004 and ilium 1005, the sacroiliac joint 1000
having an interarticular region 1044. Injection of the radio-
graphic contrast 1046 within the sacroiliac joint 1000 can be
accomplished utilizing a tubular member 1047 (e.g., a
syringe needle) having first tubular member end 1048 which
can be advanced between the articulating surfaces 1016 of
the sacroiliac joint 1000 and having a second tubular mem-
ber end 1049 which removably couples to a hub 1050. The
hub 1050 can be configured to removably couple to a syringe
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barrel 1051 or other device to contain and deliver an amount
of radiographic contrast 1046. In the example of a syringe
barrel 1051, the syringe barrel 1051 can have an internal
volume capable of receiving an amount of the radiographic
contrast 1046 sufficient for outlining the articular surfaces
1016 of the sacroiliac joint 1000, for example, under lateral
fluoroscopy. A plunger 1052 can be slidingly received within
the barrel 1051 to deliver the radiographic contrast 1046
through the tubular member 1047 into the sacroiliac joint
1000. The tubular member 1047 can have a gauge in the
range of about 16 gauge and about 20 gauge and can further
be incrementally marked on the external surface to allow
determination of the depth at which the first needle end 1048
has advanced within the sacroiliac joint 1000. As the first
needle end 1048 advances into the sacroiliac joint 1000 the
radiographic dye 1046 can be delivered from within the
syringe barrel 1051 into the sacroiliac joint 1000 to allow
visualization of the sacroiliac joint 1000 and location of the
tubular needle 1047 within the sacroiliac joint 1000.

Now referring primarily to FIG. 12B, once the first
tubular member end 1048 has been sufficiently advanced
into the sacroiliac joint 1000 and the articular surfaces 1016
of'the sacroiliac joint 1000 have been sufficiently visualized,
the hub 1050 can be removed from the tubular member 1047
leaving the tubular member 1047 fixed within the sacroiliac
joint 1000 as an initial guide for tools subsequently used to
locate or place the sacroiliac joint implant non-transversely
between the articulating surfaces 1016 of the sacroiliac joint
1000 (e.g., locate the implant non-transversely to the joint
plane 1030 generally defined by the articulating surfaces
1016 of the interarticular region 1044 of the sacroiliac joint
1000) or in removal of a portion of the sacroiliac joint 1000
within the region defined by the articular surfaces 1016 to
generate an implant receiving space 1029 (shown in FIG.
12H). Alternately, one or more guide pins 1013 can be
inserted along substantially the same path of the tubular
member 1047 for fixed engagement within the sacroiliac
joint 1000 and used in subsequent steps as a guide(s).

Now referring primarily to FIG. 12C, a small incision
1053 can be made in the skin at the posterior superior, or as
to certain embodiments inferior, aspect of the sacroiliac joint
1000, extending proximal and distal to the tubular member
1047 along the line of the sacroiliac joint 1000 to provide a
passage to access the interarticular space between the articu-
lating surfaces 1016 (see FIG. 12B) of the sacroiliac joint
1000. More specifically, the small incision 1053 can be made
along the joint line of the sacroiliac joint 1000 in the tissue
covering the posterior inferior access region 2016 of the
sacroiliac joint articular region 1044. A cannulated probe
1054 can be slidingly engaged with the tubular member
1047 (or guide pin 1013) extending outwardly from the
sacroiliac joint 1000 (while the sacroiliac joint may be
shown in the figures as being substantially linear for illus-
trative purposes, it is to be understood that the normal
irregular features of the sacroiliac joint have not been
removed). The cannulated probe 1054 can have a probe
body 1054 of generally cylindrical shape terminating in a
spatulate tip 1055 at the end advanced into the sacroiliac
joint 1000. A removable cannulated probe handle 1056
couples to the opposed end of the probe body 1054. The
spatulate tip 1055 can be guided along the tubular needle
1047 or guide wire 1013 into the posterior portion of the
sacroiliac joint 1000 and advanced to the anterior portion of
the sacroiliac joint 1000 under lateral fluoroscopic visual-
ization. The cannulated probe handle 1056 can then be
removed providing the generally cylindrical probe body
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1054 extending outwardly from the sacroiliac joint 1000
through the incision 1053 made in the skin.

Alternatively, the probe 1054 can be used to guide,
advance or place a needle, guide wire or other instrument up
to, near, or into the joint.

Additionally, in particular embodiments, probe handle
1056 or the opposed end of the probe body 1054, or both,
can be configured to have an interference fit or a luer lock
hub to communicate with a syringe barrel 1051 in order to
advance contrast, in situ curable biocompatible materials,
stem cells, or etc. through the cannulated probe 1054 or
cannulated probe handle 1056.

Now referring primarily to FIG. 12D, a passage from the
incision 1053 (see FIG. 12C) to the sacroiliac joint 1000 can
be generated by inserting a cannula 1057 into the incision.
A soft tissue dilator 1058 having a blunt end 1059 can be
advanced over the probe body 1054, or a plurality of soft
tissue dilators of increasing size, until the blunt end 1059 of
the soft tissue dilator 1058 and the corresponding cannula
end contact the posterior aspect of the sacroiliac joint 1000.
More specifically, in one embodiment, the ends of the dilator
1058 and cannula 1057 contact the joint line 2019 of the
sacroiliac joint 1000 at the posterior inferior access region
2016 of the sacroiliac joint articular region 1044. The soft
tissue dilator 1058 can be removed from within the cannula
1057. The external surface of the cannula 1057 can be
sufficiently engaged with the surrounding tissue to avoid
having the tissue locate with in the hollow inside of the
cannula 1057. A non-limiting embodiment of the cannula
1057 provides a tubular body having substantially parallel
opposed side walls which terminate in a radius at both ends
(lozenge shape) into which a plurality of different jigs can be
inserted. Alternatively, as a non-limiting example, according
to particular embodiments, cannula 1057 and corresponding
dilators 1058 and alignment jigs 1060 can be configured to
have tubular bodies with an elliptical or circular cross
section.

In some embodiments, the cannula 1057 may be addi-
tionally configured to have within or near its walls a light
source such as, for example, a fiberoptic or a LED light
source to assist in visualization of the working area. Also, in
some embodiments, irrigation and suction tubing may com-
municate with the inside passage of cannula 1057.

At this stage or at other stages of the methodology,
additional tools and methods may be employed to provide
access to the sacroiliac joint 1000 as described in U.S. patent
application Ser. No. 13/475,695 filed May 18, 2012 entitled
“SYSTEMS FOR AND METHODS OF FUSING A SAC-
ROILIAC JOINT,” which is hereby incorporated by refer-
ence in its entirety. Additionally, at this stage or others, the
sacroiliac joint 1000 may be surgically prepared for a fusion
procedure using various tools and methods described in U.S.
patent application Ser. No. 14/514,221 filed Oct. 14, 2014
entitled “SYSTEMS FOR AND METHODS OF PREPAR-
ING A SACROILIAC JOINT FOR FUSION,” which is
hereby incorporated by reference in its entirety.

Now referring to FIG. 12E, a cannulated drill bit 1070 can
be advanced over the probe body 1054 and within a drill
guide hole of the first drill jig 1067. The cannulated drill bit
1070 under fluoroscopic guidance can be advanced into the
interarticular region 1044 between the articulating surfaces
1016 of the sacroiliac joint 1000 to produce a first bore 1071
(shown in broken line) to a determined depth. As to certain
embodiments of the method, an amount of articular cartilage
or other tissues from between the articular surfaces 1016 of
the sacroiliac joint 1000 can be removed sufficient to allow
embodiments of the sacroiliac joint implant 150 to be
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implanted in replacement of the removed articular cartilage
or tissue. Because the method removes the degenerative
articular cartilage or tissue between the articular surfaces
1016 of the sacroiliac joint 1000, the articular surfaces 1016
of'the sacroiliac joint 1000 can remain intact or substantially
intact allowing the sacroiliac joint implant 150 to be non-
transversely located between the articular surfaces 1016 of
the sacroiliac joint 1000. Understandably, other instruments
can be utilized separately or in combination with a cannu-
lated drill bit 1062 for the removal of articular cartilage or
tissue between articular surfaces 1016 such as: box chisels,
side cutting router bits, burs, flexible burs and bits, hole
saws, curettes, lasers (such as CO2, Neodymium/YAG (yt-
trium-aluminum-garnet), argon, and ruby), electrosurgical
equipment employing electromagnetic energy (the cutting
electrode can be a fine micro-needle, a lancet, a knife, a wire
or band loop, a snare, an energized scalpel, or the like) where
the energy transmitted can be either monopolar or bipolar
and operate with high frequency currents, for example, in
the range of about 300 kHz and about 1000 kHz whether as
pure sinusoidal current waveform where the “crest factor”
can be constant at about 1.4 for every sinus waveform, and
a voltage peak of approximately 300 V to enable a “pure”
cutting effect with the smallest possible coagulation effect or
as amplitude modulated current waveforms where the crest
factor varies between 1.5 and 8, with decreasing crest factors
providing less of a coagulation effect. Electrosurgical wave-
forms may be set to promote two types of tissue effects,
namely coagulation (temperature rises within cells, which
then dehydrate and shrink) or cut (heating of cellular water
occurs so rapidly that cells burst). The proportion of cells
coagulated to those cut can be varied, resulting in a
“blended” or “mixed” effect. Additionally, a fully rectified
current, or a partially rectified current, or a fulguration
current where a greater amount or lateral heat is produced
can be employed to find the articular surfaces of the joint and
aid in advancing a probe or guide wire into a position in
between the articulating surfaces. These currents can effec-
tively degrade the cartilage and allow advance into the joint
without grossly penetrating much beyond the cartilage.
Now referring to FIG. 12F, as to certain embodiments, the
first drill jig 1067 can be removed from within the cannula
1057 and a second drill jig 1072 can be advanced over the
probe body 1054 and received within the cannula 1057,
however, the methodology is not limited to any particular
number of drill jigs and as to certain embodiments of the
method the first drill jig 1067 can include all the required
drill guide hole(s) 1068 (or slots or other configurations of
the drill guide) and as to other embodiments of the method
a plurality of drill jigs can be utilized in serial order to
provide all the drill guide holes 1068. As to the particular
embodiment shown by the Figures, the first drill jig 1067 can
provide one or more additional drill guide holes 1068 which
guide in relation to the first bore 1071a second or more
cannulated drills 1062 of the same or different configuration
to be inserted within and advanced into the sacroiliac joint
1000 to produce a second bore 1073 (generally shown in
broken line as 1071/1073) or a plurality of bores within the
sacroiliac joint 1000 spaced apart in predetermined pattern
to allow removal of sufficient articular cartilage 1016 or
other tissue from the interarticular space of sacroiliac joint
1000 for placement of embodiments of the sacroiliac joint
implant 150 within the region defined by and between the
paired articular surfaces 1016 of the sacroiliac joint 1000. As
to certain methods described herein, the first drill jig 1067 or
the second drill jig 1072 or a plurality of drill jigs can be
utilized in serial order to remove a portion of the sacroiliac
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joint 1000 for generation of an implant receiving space 1029
(shown in FIG. 12H). As these embodiments of the method,
articular cartilage or other tissues and sufficient subchondral
bone can be removed from between the articular surfaces
1016 of the sacroiliac joint 1000 sufficient to allow place-
ment of certain embodiments of the sacroiliac joint implant
150 and one or more keel or fin 152, 212 receiving channels
1074 can be cut into at least one of the articular surfaces
1016 of said sacroiliac joint 1000 sufficient to receive other
embodiments of the sacroiliac implant 150. The one or more
keel or fin receiving channels 1074 can be cut a depth into
the subchondral, cortical bone or cancellous bone of the
sacrum 1004 or ilium 1005.

Now referring primarily to FIG. 12G, in a subsequent
step, the last in the serial presentation of drill jigs 1067, 1072
can be removed from within the cannula 1057 and a broach
jig 1075 can be advanced over the probe body 1054 to locate
within the cannula 1057. The broach jig 1075 can include a
broach guide hole 1076 which receives a first broach end
1077 of a cannulated broach 1078 advanced over the probe
body 1054. The first broach end 1077 can have a configu-
ration which can be advanced into the sacroiliac joint 1000.
As to certain embodiments of the method, the first broach
end 1077 can be adapted to remove an amount of articular
cartilage and other tissue from between the articular surfaces
1016 within the articular region 1044 of the sacroiliac joint
1000 for non-transverse placement of a sacroiliac joint
implant 150 As to other embodiments of the method, the
cannulated broach 1078 can remove a sufficient portion of
the sacroiliac joint 1000 to generate an implant receiving
space 1029 to receive embodiments of the sacroiliac joint
implant 150.

As a non-limiting example, FIG. 12G shows a broach
1078 configured to remove a portion of the sacroiliac joint
1000 to produce an implant receiving space 1029 (shown in
FIG. 12H) to receive embodiments of the sacroiliac joint
implant 150 such that the broach has an outer surface and
outer surface cross section along its length which may
generally or substantially match the implant 150 outer
surface profile including the keels and fins 152, 212.

D. Utilizing the Delivery Tool Described Herein to
Deliver an Anchor and/or Implant into the Surgical Site

As mentioned previously, the delivery tool described
herein may be used to deliver an anchor transversely across
the plane of the sacroiliac joint and to subsequently deliver
an implant non-transversely within the plane of the joint
such that the anchor is positioned within the graft window of
the implant. The delivery tool described herein may also be
used to deliver the implant and to subsequently deliver the
anchor in the described orientation. While the method dis-
cussed herein will focus on the delivery of the anchor and
then the implant, the steps of the method may be modified
to first deliver the implant and then the anchor.

To begin, reference is made to FIG. 13A, which is a
posterior view of a hip region 1002 of a skeletal structure
1006 and an isometric view of an anchor arm 102 approach-
ing a lateral surface of an ilium 1005. As seen in the figure,
the distal end 116 of the anchor arm 102 may be coupled
with a proximal end 118 of an anchor element 120 and the
distal end 124 of the anchor element 120 may be positioned
to be delivered non-transversely or across the sacroiliac joint
1000. In this case, the distal end 124 of the anchor element
120 is positioned to be delivered first through the ilium 1005
and then through the sacrum 1004. The anchor arm 102 may,
however, be positioned to deliver the anchor element 120
non-transversely first through the sacrum 1004 and then
through the ilium 1005.
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Although not shown in FIG. 13A, a sleeve may extend
through an incision in the patient’s soft tissue such that a
distal end of the sleeve is positioned generally against the
lateral surface of the ilium 1005. The anchor arm may then
be positioned within the sleeve and guided to the surface of
the ilium 1005. In this arrangement, a longitudinal axis of
the sleeve may be such that it is generally coaxial with a
longitudinal axis of the anchor arm 102.

The anchor arm 102 may be positioned to deliver the
anchor element 120 through the sacroiliac joint articular
region 1044 (as seen in FIG. 11B). And, since the delivery
tool 100 described herein includes a rotating joint at the
connection of the positioning arm 106 and the implant arm
104 (as seen in FIG. 1), the exact trajectory of the anchor
arm 102 relative to the sacroiliac joint 1000 need not be
exact. That is, the rotating joint allows for adjustment such
that the anchor element 120 may be delivered in a range or
orientations relative to the sacroiliac joint and the delivery
tool may be adjusted via the rotating joint so that the implant
may be delivered into the joint with the anchor positioned
within the graft window of the implant.

Turning now to FIG. 13B, which is the same view of the
hip region 1002 as in FIG. 13A, once the anchor arm 102 is
positioned relative to the sacroiliac joint 1000, the anchor
arm 102 may be advanced relative to the ilium 1005 to
deliver the anchor element 120 through the ilium 1005, the
sacroiliac joint 1000, and sacrum 1004. The anchor element
120 may be rotationally advanced by a surgeon rotating the
anchor arm 102 by hand or by a drill (not shown). Addi-
tionally, a drill may be used to predrill a pilot hole in which
the anchor arm 102 will subsequently be used to deliver the
anchor element 120 within the pilot hole.

Once the anchor element 120 is delivered, the positioning
arm 106 may be coupled with the anchor arm 102, as
illustrated in FIG. 13C, which is a top view of the hip region
1002 of the skeletal structure 1006 looking caudal. As seen
in the figure, the positioning arm 106 is slidably coupled
with the anchor arm 102. In particular, the anchor shatt 108
is received within one of the collars 126 of the positioning
arm 106. In this particular arrangement, the anchor shaft 108
is positioned within the particular collar 126 that is in-plane
with the positioning member 128.

Turning to FIG. 13D, which is the same view of the hip
region 1002 of the skeletal structure 1006 as FIG. 13C, the
implant arm 104 is coupled with the positioning arm 106.
One method of coupling the implant arm 104 and the
positioning arm 106 is by extending the distal end 146
implant arm 104, being uncoupled with the implant 150,
through the channel 130 of the positioning arm 106 and,
then, coupling the implant 150 with the implant arm 104.
Other methods may include extending the implant arm 104,
being coupled with the implant 150, through the channel of
the positioning arm 106; that is, if the implant 150 is of a
small enough size to fit through the channel 130.

As seen in FIG. 13D, the portion of the implant shaft 140
having the pair of members 192 is positioned within the
channel 130. And, the amount of distal movement of the
implant arm 104 relative to the channel 130 is limited by the
enlarged body 260 of the handle assembly 142, which is
configured to contact the proximal edge 132 of the channel
130 and restrict further distal movement of the implant arm
104.

Once the implant arm 104 is positioned within the channel
130 of the positioning arm 106, the implant arm 104 may be
aligned to deliver the implant 150 within the sacroiliac joint
1000. Various adjustments to the various components of the
delivery tool 100 may be made while keeping the anchor
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arm 102 in place. As an example, the rotation or twist A,,,
along a longitudinal axis of the implant arm 104 and, thus,
the implant 150 may be adjusted to align the implant 150
with the plane of the sacroiliac joint 1000. More particularly,
the twist A, of the implant 150 may be adjusted so that the
keels 152 are positioned within the plane of the joint. The
amount of twist A, is restricted to the geometric configu-
ration of the members 192 extending off the implant shaft
140. Thus, if the implant arm 104 is able to twist into a
particular orientation without being “locked” or restricted
from further movement within the channel 130, then the
particular orientation is such that it will deliver the implant
150 into an appropriate orientation relative to the pre-
delivered anchor element 120.

As another example of an adjustment to the components
of the delivery tool 100, the implant arm 104 may translate
B,, within the channel 130 towards either of the opposite end
walls 138. A similar translational adjustment C,. may be
performed by translating the positioning arm 106 via sliding
the collar 126 on the anchor shaft 108 of the anchor arm 102.
As stated previously, the positioning arm 106 may be
secured in position on the anchor shaft 108 by, for example,
fasteners (e.g., set screw, clamp). Or, the positioning arm
106 may freely translate C,, and rotate D,, on the anchor
shaft 108. If the translation C,, and rotation D,, is secured in
position on the anchor shaft 108, the implant arm 104 may
be translationally adjusted B,, within the channel 130 to
accomplish a similar or the same function.

Another example of an adjustment to the components of
the delivery tool 100 includes adjusting an angle E,, of
delivery of the implant 150. The implant arm 104 may be
angled within the channel 130 to align the implant 150 in a
trajectory that will position the implant 150 within the
sacroiliac joint 1000. Such an adjustment may be necessary
depending on the relative angle of delivery of the anchor
element 120 with respect to the lateral surface of the ilium
1005.

Once the implant arm 104 is aligned in a trajectory that
will align the implant 150 within the sacroiliac joint 1000,
the implant arm 104 may be distally advanced relative to the
sacroiliac joint 1000, as illustrated in FIG. 13E, which is the
same view of the hip region 1002 of the skeletal structure
1006 as FIG. 13C-13D. As seen in FIG. 13E, the implant
arm 104 is distally advanced such that the distal end 264 of
the enlarged body 260 of the handle assembly 142 abuts the
proximal edge 132 of the channel 130 of the positioning arm
106. In this orientation, as shown in FIG. 13F, which is a side
view of the hip region 1002 of the skeletal structure 1006
with the ilium removed to show the sacroiliac joint 1000 and
sacrum 1004, the anchor element 120 is positioned within
the graft window 158 of the implant 150. Also as seen in
FIG. 13F, the implant 150 is inserted into the caudal region
1086 of the articular region 1044 of the sacroiliac joint 1000
such that the keels 152 are positioned within a plane of the
joint. In this way, the graft window 158 allows for bone
growth through the implant 150 (i.e., through the graft
window 158) and across the joint 1000.

In certain embodiments, the implant 150 may be first
directed in the joint space as illustrated in FIG. 13F after
which the implant 150 is rotated D,, within the joint space to
be positioned somewhere between the cranial and caudal
portions 1087, 1086 of the articular region 1044. In other
embodiments, the implant 150 is not rotated, but simply
inserted into the articular region 1044.

Once the implant 150 and anchor element 120 are deliv-
ered into their respective locations, the implant arm 104 and
the anchor arm 102 may be decoupled from the implant 150
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and the anchor element 120. The implant 150 may be
decoupled from the implant arm 104 by rotationally engag-
ing the head 258 on the handle assembly 142. This engage-
ment threadably releases the implant retainer 144 from the
implant 150. The anchor element 120 may be decoupled
from the anchor arm 102 by rotationally engaging the head
168 of the anchor retainer 114. This engagement threadably
releases the anchor retainer 114 from the anchor element
120. Once disengaged, the anchor arm 102, the implant arm
104, and the positioning arm 106 may be removed and the
surgical procedure may continue.

III. Additional Embodiments of the Delivery Tool and
Implants

A. Positioning Arm with Angulating Collars

Various modifications to the delivery tool 100 discussed
herein are possible and contemplated by the present disclo-
sure. One such modification to the positioning arm 306 is
illustrated in FIGS. 14A-14F. As seen in FIG. 14A, the
positioning arm 306 is similar to the positioning arm pre-
viously described in that it includes an arcuate positioning
member 328 extending between a channel 330 and a pair of
collars 326. The channel 330 is identical to previously
described embodiments in that it is formed by generally
parallel side walls 336 and rounded end walls 338 that
extend from a proximal edge 332 to a distal edge 334. The
channel 330 is configured to receive an implant arm (not
shown in FIG. 14A) and restrain its rotation to a limited,
predetermined range. The channel 330 and the implant arm
form a rotating joint about which the implant arm may be
rotated relative to positioning arm 306 and an anchor arm
(not shown in FIG. 14A), or vice versa.

Opposite the channel 330, the collars 326 are configured
to allow certain predefined angulation of an anchor arm
positioned within the collars 326. The collars 326 include an
in-line collar 308 that is positioned in a common plane with
the positioning member 328 and an offset collar 310 that is
positionally or laterally offset from a plane of the positioning
member 328. While in previously described embodiments of
the positioning arm 306 the angling of the anchor arm
relative to the positioning arm was restrained, in the present
embodiment of the positioning arm 306, as seen in FIG.
14A, the collars 326 allow for angulation of an anchor arm
positioned within one of the collars 326.

As illustrated in FIG. 14B, which is a bottom view of the
positioning arm 106, the in-line collar 308 includes a cir-
cular proximal edge 312 and a stadium-shaped distal edge
314. The offset collar 310 includes a circular proximal edge
316 and a rounded-rectangle-shaped distal edge 318. As
seen in FIG. 14B, a partition wall 320 having generally
parallel side walls 322 separates the in-line collar 308 and
the offset collar 310. The in-line collar 308 also includes an
inner side wall 324 that is opposite of and generally parallel
with the partition wall 320. Extending between the inner side
wall 324 and the side wall 322 of the partition wall 320 is
a rounded wall 340. Opposite the rounded wall 340 is a
sloped wall 342 that extends from a forward end 344 of the
circular proximal edge 312 to a forward end 346 of the
stadium-shaped distal edge 314. In this way, an anchor arm
positioned within the in-line collar 310 is restrained from
angling outside a plane defined by the positioning member
328 by the side wall 322 of the partition wall 320 and the
inner side wall 324. The anchor arm may, however, angulate
within the plane that is common to the positioning member
328.

Turning to the offset collar 310, as seen in FIG. 14B, the
collar 310 includes a rounded wall 348 that is adjacent the
side wall 322 of the partition wall 320. The offset collar 310
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additionally includes a sloped side wall 350 that is opposite
the side wall 322 of the partition wall 320 and a sloped front
wall 352 that is opposite the rounded wall 348. In this way,
an anchor arm may be positioned within the offset collar 310
and angled such that an anchor shaft of the anchor arm is
positioned against one of the sloped walls 350, 352. The
offset collar 310 permits more angulation of the anchor arm,
as compared with the in-line collar 308, because the offset
collar 310 is configured to position an anchor element at a
distal end of an anchor arm outside of a graft window of an
implant. Thus, a surgeon has fewer limitations as to where
to place the anchor when it is positioned outside the confines
of a graft window of the implant. When using the in-line
collar 308, however, there are more limitations because the
in-line collar 308 is configured to align an anchor at a distal
end of the anchor arm within the graft window of an implant.
The angulation of the anchor arm within the in-line collar
308 allows for angulation that will either position the anchor
within the graft window of the implant or distal of the graft
window of the implant while restricting angulations that
would allow the anchor to contact the body of the implant.
Reference is now made to FIG. 14C, which is an side view
of the positioning arm coupled between an anchor arm 360
and an implant arm 362 with a longitudinal cross section
down the plane of the positioning member 328. As seen in
the figure, an anchor 364 is positioned within a graft window
366 of an implant 368. Turning to FIG. 14D, which is the
same view as of FIG. 14C, except shown in cross section, the
proximal edge 312, in this embodiment, is elongated as
opposed to circular. In this arrangement, the anchor arm 360
may be positioned within the in-line collar 308 in a number
of orientations. For example, the anchor arm 360 may be
positioned along axis AX1 where the anchor 364 is oriented
generally perpendicular to the implant arm 362 and the
implant 368. Further angling of the anchor 364 towards a
handle 370 of the implant arm 362 is restricted by the anchor
arm 360 contacting a forward edge 372 of the proximal edge
312 and a rear edge 346 of the distal edge 314 of the in-line
collar 308. As seen in FIG. 14, the anchor arm 360 may
angulate away from the implant 366 (i.e., distal of the graft
window 368) along an axis AX2. As seen in the figure, the
anchor arm 360 may angulate even further past axis AX2
and will be limited by the particular geometry of the distal
and proximal edges 314, 312. In this and other embodiments
of the positioning arm 306, an anchor arm 360 positioned
within the in-line collar 308 may be configured to angulate
between about 0 degrees to about 30 degrees. In certain
embodiments, an anchor arm 360 may be configured to
angulate from a generally perpendicular orientation relative
to an implant arm 362 about 5, 10, or 15 degrees.
Reference is now made to FIG. 14F, which is a bottom
view of the positioning arm 306 with an anchor arm 360
coupled to the offset collar 310 of the positioning arm 306.
As seen in the figure, the anchor arm 360 is positioned along
an axis AX3 that is adjacent and generally parallel with the
partition wall 322 and the positioning member 328 such that
the anchor 364 is positioned lateral of the graft window 368
of'the implant 366. In this orientation, the anchor 364 avoids
contact with the implant 366 in all rotational orientations of
the implant 366. Because of the sloped surfaces on the
interior of the offset collar 310, the anchor arm 360 may
pivot about the offset collar 310 and angulate away from
implant 366 between axes AX3 and AX4, for example.
While not illustrated in FIG. 14F, when the anchor arm 360
is positioned within the offset collar 310, the anchor arm 360
may angulate in the manner as described in reference to the
in-line collar 308 in FIG. 14E, among other possible angu-
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lations. In this and other embodiments of the positioning arm
306, an anchor arm 360 positioned within the offset collar
310 may be configured to angulate between: about 0 degrees
to about 30 degrees in a plane parallel to the positioning
member 328; and about 0 degrees to about 30 degrees in a
plane perpendicular to a plane parallel to the positioning
member 328.

B. Curved Implants with Uni-Planar Rotation and Asso-
ciated Delivery Tools

The following discussion will focus on FIGS. 15A-16D,
which illustrate a delivery tool and implants that are con-
figured for uni-planar rotation relative to the delivery tool.
Because of the unique shape of the sacroiliac joint, an
implant having a curved shape that generally matches the
shape of the sacroiliac joint may be beneficial in a joint
fusion, or other, procedure. To facilitate delivery of a curved
implant, among other implants, into the sacroiliac joint, a
delivery tool allowing for certain rotation of the implant
relative to the delivery tool may be desirable.

As illustrated in FIG. 15A, which is a side view of a
delivery tool 400, a curved implant 402 is coupled to a distal
end 404 of the delivery tool 400. The delivery tool 400
includes a tubular shaft 406 extending proximally from the
distal end 404 and includes a handle 408 at a proximal end
410 of the delivery tool 400. As seen in the figure, the
implant 402 is rotationally coupled with the delivery tool
400 via a cylindrical insert 412 that is fitted within a
transverse bore 414 to form a plain bearing for the implant
402 to rotate relative to the delivery tool 400. The implant
402 further includes an upper keel 416 separated from a
lower keel 418 by a graft window 420 extending trans-
versely or across the implant 402. In this embodiment, the
upper and lower keels 416, 418 converge to form a distal tip
422; however, in other embodiments of the implant 402, a
distal end 424 of the implant 402 may be opened with no
convergence of the keels 416, 418.

Referring to FIGS. 15B-15C, which are isometric top and
bottom views of the delivery tool 400 in an exploded view,
the remaining components of the delivery tool 400 are
shown. More particularly, the delivery tool 400 further
includes an implant retainer 426 having a threaded distal end
428, a shaft 430 extending proximally from the threaded
distal end 428, and a proximal handle 432. The delivery tool
400 also includes a proximal insert 434 that is positioned
within a proximal opening 436 of the handle 408.

Coupled between the distal end 402 of the delivery tool
400 and the implant 402 is a coupler 438 that includes a
recess 440 on its top surface that matingly receives a pair of
spreader members 442 on the distal end 404 of the delivery
tool 400. As seen in the figures, the coupler 438 includes a
bore 444 extending therethrough that is coaxially aligned
with an internal passageway extending through the tubular
shaft 406 when the spreader members 442 of the delivery
tool 400 are matingly received in the recess 440 of the
coupler 438. The bottom surface of the coupler 438 includes
a curved bearing surface 446 that abuts against a proximal
end 448 of the implant 402. As will be shown in later figures,
the shape of the bottom surface of the coupler and the
proximal end 448 of the implant are configured to limit the
rotation of the implant 402.

In operation, once the proximal insert 434 is positioned
within the proximal opening 436, the implant retainer 426
may be distally inserted into and through the tubular shaft
406 such that the threaded distal end 428 extends out a distal
opening 448 of the tubular shaft 406. The coupler 438 may
be engaged with the spreader members 442 and the threaded
distal end 428 of the implant retainer 426 may extend
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through the bore 444. The cylindrical insert 412 may be
positioned within the transverse bore 414 and a retainer ring
450 may secure the insert 412 within the bore 414. As seen
in the figures, the cylindrical insert 412 includes a threaded
bore 452 that is configured to threadably receive the
threaded distal end 428 of the implant retainer 426 to thereby
couple the implant 402 and the delivery tool 400.

As illustrated in FIGS. 15D-15F, which are a close-up,
isometric top views of the implant 402 coupled to the
delivery tool 400 in different degrees of rotation, the curved
bearing surface 446 of the coupler 438 matingly abuts
against a proximal surface 462 of the proximal end 448 of
the implant 402. The proximal surface 462 is defined on a
proximal surface of each of a pair of bearing members 474.
The pair of bearing members 474 includes a gap defined
therebetween such that the threaded distal end 428 may
extend through the gap to engage with the bore 452 of the
cylindrical insert 412. As mentioned previously, the geom-
etry of the bottom surface of the coupler 438 influences the
amount of possible rotation of the implant 402 relative to the
delivery tool 400. More particularly, in addition to the
curved bearing surface 446, the bottom portion of the
coupler 438 includes a first planar surface 454 that extends
from the curved bearing surface 446. The first planar surface
454 acts as a stop feature and is configured to contact a
proximal end surface 456 of the upper keel 416 when the
implant 402 is rotated in a clockwise direction, as shown in
FIGS. 15D-15F. Opposite the first planar surface 454 is a
second planar surface 458 that also acts as a stop feature and
is configured to contact a proximal end surface 460 of the
lower keel 418 when the implant 402 is rotated in a
counterclockwise direction, as shown in FIGS. 15D-15F.
Thus, the total amount of rotation of the implant 402 relative
to the delivery tool 400 is fixed between the first planar
surface 454 contacting the proximal end surface 456 of the
upper keel 416 and the second planar surface 458 contacting
the proximal end surface 460 of the lower keel 418. As can
be understood from the previous discussion, the same deliv-
ery tool 400 may be used with different couplers 438 (i.e.,
having differently shaped curved bottom surfaces and first
and second planar surface 454, 458 arrangements) and
corresponding implants 402 to facilitate different degrees of
rotation between the implant 402 and the delivery tool 400.
In this and other embodiments, the amount of rotation of the
implant 402 relative to the delivery tool 400 may be between
about 10 degrees and about 180 degrees. In certain embodi-
ments, the rotation may be about 30, 50, or 90 degrees.

Referring now to FIG. 15G, which is a cross-sectional
view of FIG. 15F taken along a longitudinal axis of the
implant 402, the first planar surface 454 abuts the proximal
end surface 456 of the upper keel 416 such that further
rotation is inhibited. As seen in the figure, the threaded distal
end 428 extends through the tubular shaft 406 of the delivery
tool 400 and through the bore 444 of the coupler 438 to
threadably engage with the threaded bore 452 of the cylin-
drical insert 412. As seen in FIG. 15H, which is another
cross-sectional view of FIG. 15F, except the cross-section in
the present figure is perpendicular to the longitudinal axis of
the implant 402 and bisecting the cylindrical insert 412, the
retainer ring 450 supports a position of the cylindrical insert
412 within the implant 402 when before and after the
implant retainer 426 is coupled with the insert 412.

Referring now another embodiment of an implant 402,
reference is made to FIGS. 16 A-16C. As seen in the figures,
the implant 402 is similar to the implant 402 shown in FIGS.
15A-15E, except that the distal end 424 of the implant 402
includes an opening 464 such that the upper and lower keels
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416, 418 are cantilevered off of the proximal end 448 of the
implant 402 as opposed to coupled together by with a
convergent distal tip. Additionally, the present embodiment
of the implant 402 differs from that shown in FIGS. 15A-
15E in that the proximal surface 462 of the proximal end 448
of the implant 402 allows for increased rotation of the
implant 402 relative to the delivery tool 400 because the
proximal surface 462 extends circumferentially further
between the proximal end surface 456 of the upper keel 416
and the proximal end surface 460 of the lower keel 418. In
this way, when the implant 402 is coupled with the delivery
tool 400, the proximal surface 462 provides increased bear-
ing contact with the curved bottom surface 446 of the
coupler 438 such that the implant 402 can rotate further
relative to the delivery tool 400 than in the previously
described embodiment. In this and other embodiments, the
amount of rotation of the implant 402 relative to the delivery
tool 400 may be between about 10 degrees and about 200
degrees. In certain embodiments, the rotation may be about
30, 60, or 110 degrees.

As seen in FIG. 16C, which is a side view of the implant
402 shown in FIGS. 16A-16B, the upper and lower keels
416, 418 extend outwardly the proximal end 448 of the
implant 402 and are separated by a rounded proximal wall
466. The keels 416, 418 are generally equidistant from each
other from the rounded proximal wall 466 to their termina-
tion at the distal end 424 of the implant 402. As seen in
FIGS. 16A-16C, inner and outer surfaces 468, 470 of the
upper and lower keels 416, 418 are beveled along edges 472
that extend around the keels 416, 418. In the embodiment of
FIGS. 16A-16C, the lower keel 418 extends a further
distance, distally, from the rounded proximal wall 466 in
order for the curvature of the top and bottom keels 416, 418
to match. In this and other embodiments, the curvature of the
upper and lower keels 416, 418 are defined by an arc AR of
about 80 degrees with a radius R1 of about 25 mm to 35 mm
and a radius R2 of about 50 mm to 55 mm. In certain
embodiments, the arc AR may be about 40, 50, 60, 70, 80,
90, 100, 110, or 120 degrees and may even be up to 180
degrees, radius R1 may be about 2, 2.5, 3 or 3.5 cm, and
radius R2 may be about 4, 5, or 6 cm. A width of the keels
may be about 1, 1.5, or 2 cm.

While the keels 416, 418 of the implant 402 shown in
FIGS. 16 A-16C are of generally equal width, the upper and
lower keels 416, 418 may be of different widths, as shown
in FIG. 16D, which is an isometric view of the proximal end
448 of the implant 402. As seen in the figure, the upper keel
416 is wider than the lower keel 418. In certain embodi-
ments, the upper keel 416 may be about 2 cm wide and the
bottom keel 418 may be about 1 cm wide.

When implanted into a sacroiliac joint, the implant 402 is
configured to extend non-transversely into the joint such that
a portion of the upper keel 416 extends into the ilium and an
opposite portion of the upper keel 416 extends into the
sacrum. Similarly, a portion of the lower keel 418 extends
into the ilium and an opposite portion of the lower keel 418
extends into the sacrum. In this way, the graft window 420
of'the implant 402 lies within the plane of the joint such that
bone growth may pass through the graft window 420, along
with an anchor, to fuse the sacrum and ilium. In certain
instances, it may be beneficial to deliver an implant having
keels of different widths. And, since the sacrum and ilium
are structurally thinner and generally less robust at the
inferior boundary segment 3002, as seen in FIG. 11C,
including an implant 402 with narrower keels at the bottom
of'the implant 402 may cause less material from the implant
to extend into the sacrum and ilium along the thinner and
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less robust sections of the bones. In contrast, superior
aspects of the sacrum and ilium are thicker and more robust
than portions of the sacrum and ilium at the inferior bound-
ary segment 3002. Thus, the superior portions of the sacrum
and ilium may be better suited to receive keels 416 that are
relatively wider than keels 418 that are positioned near the
inferior boundary segment 3002 of the joint.

C. Implants Having Angled and/or Asymmetrically
Shaped End Caps

Reference is now made to FIGS. 17A-17D, wherein
FIGS. 17A-17B depict implants 402 with angled end caps
476 and FIGS. 17C-17D depict implants 402 with asym-
metrically positioned end caps 478. First, reference is made
to FIGS. 17A-17B. As seen in the FIG. 17A, the implant 402
includes a cross-shaped cross-section with a pair of keels
480 positioned generally perpendicular to each other. The
implant 402 further includes a graft window 420 extending
transversely across the implant 402 and intersecting the
keels 480. As seen in FIG. 17B, the implant 402 includes a
pair of keels 480 and a spanning member 482 extending
between and generally perpendicular to the pair of keels 480.
A graft window 420 extends transversely across the span-
ning member 482. In both embodiments of the implant 402,
there is an angled end cap 476 that extends across the
implant non-perpendicularly from a longitudinal axis 484
extending along a length of the implant 402. Such an
orientation of an angled end cap 476 may be useful since, in
certain instances, the sacroiliac joint is not perpendicularly
aligned with the posterior surfaces of the sacrum and the
ilium. As such, with an implant 402 having an angled end
cap 476 that is non-perpendicularly aligned with the longi-
tudinal axis 484 of the implant 402 may cause the end cap
to lie flush with the posterior surfaces of the sacrum and the
ilium. The angle AN, as seen in FIG. 17A, may be such that
when the implant 402 is positioned non-transversely in the
sacroiliac joint, the angled end cap 476 lies flush against the
posterior surfaces of the sacrum and ilium. In certain
embodiments, the angle AN may be about 15, 25, or 35, or
be in a range of about 10 to about 50.

Reference is now made to FIGS. 17C-17D, which are the
respective implants 402 shown in FIGS. 17A-17B, except
the embodiments of the present discussion include asym-
metrically positioned end caps 478. That is, the implants 402
include end caps 478 that do not extend over the entirety of
the proximal end 448 of the implant 402. Instead, the end
cap 478 only extends over a portion of the proximal end 448
of the implant. A purpose of the asymmetrically positioned
end caps 478 is so that the end cap 478 will contact a
posterior surface of either the sacrum or the ilium and, thus,
prevent the implant 402 from further extending into the
sacroiliac joint while allowing an opposite portion of the
proximal end 448 of the implant to extend further into the
joint.

As shown in FIG. 17C, the end cap 478 extends laterally
over three of the four keels 480, but does not extend outward
beyond a top surface 486 of one of the keels 480. As shown
in FIG. 17D, the end cap 478 extends laterally from one half
of the implant 402. In this way, when the implant 402, of
either FIG. 17A or 17B, is delivered into the sacroiliac joint
such that the graft window 420 is positioned within the plane
of the joint such that an anchor may be received through the
sacrum, ilium, and graft window 420, the asymmetrically
positioned end cap 478 will inhibit further distal delivery of
the implant 402 into the joint by the end cap 478 abutting
either the posterior surface of the sacrum or ilium. It is noted
that in the implants 402 of FIGS. 17A-17D, it may be
desirable to utilize implants 402 that are specific to the
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procedure because the implants 402 cannot be rotated
around the longitudinal axis 484 prior to implantation with-
out changing the orientation of the angled or asymmetrically
positioned end cap 478.

D. Curved Implants with Delivery Tooling Having a
Gripping Implant Retainer

The following discussion will focus on FIGS. 18A-18L,
which depict the various components of a delivery tool 500
having a gripping mechanism 502 coupling an implant 504
to the delivery tool 500. As illustrated in FIG. 18A-18B,
which are respective front and back isometric views of the
delivery tool 500, the tool 500 includes an implant arm 506,
an impactor 508, and a lever assembly 510. The implant arm
506 and the lever assembly 510 work in conjunction with
each other to grip a proximal end 512 of the implant 504.
More particularly, the gripping mechanism 502 includes
portions of the implant arm 506 and the lever assembly 510
that function to releasably couple with the implant 504. The
implant 504 is curved along a longitudinal axis of the
implant 504 and includes an opened distal end 514 as
described previously with respect to FIGS. 16A-16D. This
and other features of the implant 504 may be similar or
different to previously described embodiments.

Reference is now made to FIGS. 18C-18D, which are
respective isometric side perspective and isometric side
views of the delivery tool 500. Referring first to the implant
arm 506, it includes a handle 516 at a proximal end 518 that
is coupled to a pair of planar, plate-like members 520 that
are coupled together by a top wall member 522. The
plate-like members 520 and the top wall member 522 extend
to a distal end 524 of the implant arm 506 and define an open
interior space that houses a portion of the lever mechanism
510. The plate-like members 520 include a first, second, and
third through holes 540, 542, 544 extending transversely
across the plate-like member 520 and are configured to
rotatably couple portions of the lever mechanism 510, as
will be subsequently described. Near the distal end 524 of
the implant arm 506 and extending outwardly from the
plate-like members 520 are a pair of cylindrical protrusions
526 that are configured to be engaged with the impactor 508
to distally drive the delivery tool 500 and, thus, the implant
504 into a joint. At the extreme distal end 524 of the implant
arm 506 is a fixed retainer member 528 that is cylindrically-
shaped, although other shapes are possible for the fixed
retainer member 528. Additionally, the fixed retainer mem-
ber 528 may articulate, in which case the member would not
be fixed. Continuing on, the fixed retainer member 528 is
configured to be matingly received within a reciprocally
shaped cavity in the proximal end 512 of the implant. The
fixed retainer member 528 is a part of the gripping mecha-
nism 502 and will be subsequently discussed in more detail.

Moving on to the lever mechanism 510, the mechanism
includes a lever handle 530 that includes a cramming head
532 at a distal end 534 of the lever handle 530. The camming
head 532 includes a first axle bore 536 extending generally
through a central portion of the camming head 532. The
camming head 532 is rotatably coupled to the implant arm
506 by a first shaft 538 (e.g., pin, rod, rivet) that extends
through the first axle bore 536 and through the first through
hole 540 to anchor the lever handle 530 to the implant arm
506. The camming head 532 further includes a second axle
bore 546 positioned proximal-inferior of the first axle bore
536. The camming head 532 is rotatably coupled to a distal
lever member 548 by a second shaft 550 extending through
the second axle bore 546 in the camming head 532 and a
through hole in the distal lever member 548. The distal lever
member 548 includes a curved proximal section 552 and a
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straight distal section 554 that is rotatably coupled to a
gripper member 556 by a third shaft 558 extending through
a third axle bore 560 at the distal end 562 of the straight
distal section 554 and a through hole on the gripper member
556.

The gripper member 556 is pivotally coupled to the
implant arm 506 at the third through hole 544 by a fourth
shaft 564 extending through a fourth axle bore 566 posi-
tioned in a central portion of the gripper member 556. The
gripper member 556 includes a distal lip 568 that is config-
ured to grip the proximal end 512 of the implant 504. In this
way, translation of the distal lever member 548 causes the
gripper member 556 to pivot about the fourth shaft 564 and,
thus, pivot the distal lip 558 in a gripping motion to engage
the proximal end 512 of the implant 504.

Positioned within the implant arm 506 is a lever retaining
member 570 that is anchored to the second through hole 542
in the implant arm 506 via a fifth shaft 572. The lever
retaining member 570 is positioned inferior of the straight
distal section 554 of the distal lever member 548 and is
configured to maintain a level orientation of the distal lever
member 548 when the lever handle 530 is rotated about the
first shaft 538. The level retaining member 570 includes a
spring-biased pin 574 that is positioned in a recess 576 near
a distal end 578 of the member 570 and is configured to
support the straight distal section 554 in the level orienta-
tion.

Reference is now made to the impactor 508 in FIGS.
18C-18D. As seen in the figures, the impactor 508 includes
an impact plate 580 at a proximal end 582 of the impactor
508. Moving distally from the impact plate 580 is a shaft 584
that couples to a tubular U-shaped member 586. A proximal
portion 588 of impacting arms 590 are configured to be
positioned within and secured to the U-shaped members
586. The impacting arms 590 include a shaft 592 that
extends distally and terminates in a semi-circular bearing
surface 594 that is configured to contact the cylindrical
protrusions 526 on the implant arm 506. The impactor 508
also includes a sixth shaft 596 and a spacer 598 that couples
between the pair of impacting arms 590 near the proximal
portion 588 of the impacting arms 590.

Turning now to FIGS. 18E-18F, which are side views of
the delivery tool 500, the impactor 508 is positioned in
various orientations relative to the implant arm 506. More
particularly, in FIG. 18E, the impactor 508 is shown in a
superior position relative to the implant arm 506, and, in
FIG. 18F, the impactor 508 is shown in an inferior position
relative to the implant arm 506. As seen in the figures, the
impactor 508 may be used in these and other orientations to
assist in driving the implant 504 into a patient’s joint. For
example, upon initial delivery of the distal end 600 of the
implant into the joint, the surgeon may place the impactor
508 in an inferior position, as in FIG. 18F, because the
impactor 508 is then in line with a trajectory of the distal tips
602 as they enter the joint. At other points in a surgical
procedure, the surgeon utilize the impactor 508 in the
superior position, as in FIG. 18E.

Reference is now made to FIG. 18G, which is an isometric
side view of the delivery tool 500 with a cross section down
a longitudinal axis of the tool 500. As seen in the figure, the
implant 504 is locked within the gripping mechanism 502 by
complementary action of the fixed retainer member 528 and
the distal lip 568 of the gripping member 556. In this locked
position, the lever handle 530 is generally parallel to the
handle 516 of the implant arm 506, the distal lever member
548 is in a proximal-most position, and the gripping member
556 is pivoted in a counterclockwise-most direction to cause
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the distal lip 568 to retain the proximal end 512 of the
implant 504 in abutting contact with the delivery tool 500.

As seen in FIG. 18H, which is a close-up view of the
gripping mechanism 102 shown in FIG. 18G, the implant
504 includes a cylindrically shaped recess 604 on a top
portion of the proximal end 512 of the implant 504 that is
configured to receive the fixed retaining member 528. The
cylindrically shaped recess 604 extends into the proximal
end 512 of the implant 504 at an approximate 45 degree
angle. Inferior to the cylindrically shaped recess 604 is a
notch 606 that is configured to receive a corresponding
corner edge 608 of the distal end 524 of the implant arm 506.
At a bottom portion of the proximal end 512 of the implant
504 is an elongated recess 610 having a superiorly and
proximally extending terminal end 612. In this way, the
distal lip 568 of the gripping mechanism 556 may extend in
the elongated recess 610 and grasp the superiorly and
proximally extending terminal end 612 upon closure of the
lever handle 530, which causes counterclockwise pivoting
of'the gripping member 556 and gripping of the implant 504.
Also, as shown in FIG. 18H, the spring-biased pin 574 urges
the distal end 562 of the straight distal section 554 into a
parallel orientation with the top wall 522 of the implant arm
506. The spring-biased pin 574 may also function as a stop
feature to inhibit further counterclockwise pivoting of the
gripping member 556.

Referring now to FIG. 181, which depicts a cross-sec-
tional side view of the delivery tool 500, the lever handle
530 is opened by counterclockwise rotation of the lever
handle 530. As seen in the figure, as the lever handle 530 is
rotated, the camming head 532 rotates, which causes the
distal lever member 548 to translate distally. The distal
movement of the distal lever member 548 causes the grip-
ping member 556 to pivot clockwise and, thus, release the
distal lip 568 from its grip on the terminal end 612 of the
elongated recess 610 on the bottom portion of the proximal
end 512 of the implant 504.

As the distal lip 568 further releases from the elongated
recess 610, as seen in FIG. 18], the implant 504 pivots
relative to the distal end 524 of the implant arm 506 to
release the fixed retainer member 528 from engagement with
the cylindrical recess 604. As the implant 504 is fully
released from coupling with the gripping mechanism 102, as
shown in FIG. 18K, the lever handle 530 is in a fully opened
position. The delivery tool 500 is then ready to releasably
couple with the implant 504, if desired, by positioning the
fixed retainer member 528 within the cylindrical recess 604
of the proximal end 512 of the implant 504 and closing the
lever handle (i.e., clockwise rotation), which will cause the
distal lip 568 of the gripper mechanism 556 to pivot coun-
terclockwise and grip the superiorly and proximally extend-
ing terminal end 612 of the elongated recess 610 of the
implant 504. At that point, the impactor 508 (not shown)
may be used and positioned in a superior or inferior position
relative to the implant arm 506.

As illustrated in FIGS. 18I-18L, the implant 504 may
include anti-migration elements 614 on inner walls 616 of
the keels 618. The anti-migration elements 614 may include
ramped structures, surface deformities, or any other feature
to inhibit proximal, or other, migration of the implant 504
once implanted into the joint. Multiple anti-migration ele-
ments 614 may positioned on the inner walls 616 of the keels
618. Additionally, the anti-migration elements 614 may be
positioned on outer walls of the keels 618 or on the outer and
inner walls 616 of the keels 618.
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E. Alternative Implant Embodiments

Reference is now made to FIGS. 19A-19F, which depict
various views of an implant 700 for use with delivery tools
described herein, among other delivery tools. Initially refer-
ring to FIGS. 19A-19B, which are respective isometric top
and bottom views of the implant 700, the implant 700
includes a top planar keel member 702 and a bottom planar
keel member 704 that are coupled together at a proximal end
706 of the implant 700 by a tubular member 708 defining a
bore 710 therein. The top planar keel member 702 includes
a sacrum section 712 and an ilium section 714 that are
separated by an elastically deformable structural element
716. Similarly, the bottom planar keel member 704 includes
a sacrum section 718 and an ilium section 720 that is
separated by an elastically deformable structural element
722. In this or other embodiments, the structural elements
716, 722 may be inelastically deformable.

Still referring to FIGS. 19A-19B, the top planar keel
member 702 extends distally further than the bottom planar
keel member 704. A graft or anchor window 724 is formed
distal of the tubular member 708 and in between inner
surfaces of the top and bottom planar keel members 702,
704. Projecting inward from the inner surfaces of the top and
bottom planar keel members 702, 704 are generally perpen-
dicular flanges 726 the run the length of the members 702,
704. At a distal end 728 of the keel members 702, 704, the
flanges 726 include a rounded taper 730.

As illustrated in FIGS. 19C-19D, which are respective top
and bottom views of the implant 700, the implant 700 is
symmetric about the sacrum sections 712, 718 and ilium
sections 714, 720. And, when delivered into the sacroiliac
joint such that the sacrum sections 712, 718 are positioned
within the sacrum and the ilium sections 714, 720 are
positioned within the ilium, the deformable structural ele-
ments 716, 722 lie in the plane of the joint. In this way,
inward pressure from the sacrum or ilium can cause defor-
mation of the deformable structural elements 716, 722 and,
thus, provide some “give” to the implant 504 without driving
apart the sacrum or ilium. As seen in these figures, the top
and bottom planar keel members 702, 704 include longitu-
dinally extending cylindrical grooves 732 extending the
length of the implant 700. FIG. 19E depicts a back isometric
view of the implant 700 illustrating the features previously
described. And, FIG. 19F depicts a back view of the implant
700 further illustrating the features described herein.

The following discussion will focus on FIGS. 20-28,
which depict the various components of a delivery tool 820
having an adjustable delivery system with a slidable anchor
arm and configured to inject a bone paste material, or any
other biocompatible material into an implant 825.

As illustrated in FIG. 20, according to certain aspects, the
anchor arm 8115 may be adjustable to accommodate patients
of different sizes and/or fine-tune the anchor element tra-
jectory while still maintaining the angular relationships
between the components of a system within a predefined
range to allow the anchor element 120 to be delivered
relative to the implant 825, for example, through the graft
window 840 without any further adjustment to the delivery
tool 820. As illustrated in FIG. 20, the anchor arm 8115 may
be slidably attached at one end to a guide beam 8102. The
guide beam 8102 may be attached to the implant arm 8110
at one end 8103 and protrude from the implant arm 8110 in
a cantilevered configuration, wherein the protrusion angle of
the guide beam 8102 is configured to result in a predeter-
mined anchor entry angle through the implant 825. The
anchor arm 8115 may be provided with a slidable fitting
8104 at an end 8106 opposite to the anchor arm collar 8165.
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In this aspect, the slidable fitting 8104 may be translated
along the guide beam 8102 to adjust the distance between
anchor arm collar 8165 and implant 825, while maintaining
the angular relationships maintained between the implant
arm 8110, anchor arm 8115, anchor arm collar 8165, and the
graft window 840.

Referring now to FIG. 21, the delivery tool 820 may be
configured to inject a bone paste material, or any other
biocompatible material into an implant 825. In one aspect,
the implant arm 8110 may be provided with a conduit 8506
that opens into the graft window 840 of the implant 825. As
illustrated in FIG. 21, the proximal end of the conduit 8506
may be provided with a plunger 8508 that may be depressed
distally within a close-fitting barrel 8510 formed within the
proximal end 880 of the implant arm 8110. The plunger 8508
may provide a pressure that may cause the bone paste
material or other biocompatible material to flow distally
through the conduit 8506 and out into the graft window 840
of the implant 825.

Referring now to FIG. 22, the conduit 8506 may terminate
distally at a distal opening 8512 that provides a path for the
bone paste material to pass into the graft window 840 of the
implant 825. In an aspect, the conduit 8506 may narrow in
a nozzle 8514 ending distally at the distal opening 8512. The
nozzle 8514 may be sized to fit within an orifice within the
implant 825 including, but not limited to the bore 710
illustrated, for example at FIGS. 19A and 19F. In this other
aspect, the nozzle 8514 may be sized to fit closely within the
bore 710. In an aspect, the nozzle 8514 may be provided
with threads configured to mesh within threads of a threaded
bore 710.

Referring now to FIG. 23, the barrel 8510 may include a
lumen 8516 within which the bone paste material may be
inserted prior to injection into the graft window 840. The
plunger 8508 may further include a distal end 8518 config-
ured to fit closely within the lumen 8516 in order to develop
pressure within the lumen when the plunger 8508 is
advanced distally into the lumen 8516. In one aspect, the
plunger 8508 may be advanced by applying a distally
directed force to the plunger handle 8520. In another aspect,
the plunger 8508 may further include a threaded portion
8522 configured to mesh with corresponding threads 8524
formed within the barrel 8510. In this aspect, the plunger
may be advanced distally by twisting the threaded portion
8522 into the corresponding threads 8524.

Referring to FIG. 24, the bone paste material may
advance outward into the graft window 840 of the implant
825 at the initial stage of the injection process, along a path
8526. As the graft window 840 fills with bone paste material
and the pressure within the graft window increases, addi-
tional bone paste material may enter the joint space (not
shown) surrounding the implant 825. In an aspect, the
implant 825 may be provided with a plurality of channels
8528 connecting the volume within the graft window 840 to
the joint space surrounding the implant 825. In this aspect,
additional bone paste material may travel through the plu-
rality of channel 8528 to the joint space along a path 8530.
In various aspects, an amount of bone paste material suffi-
cient to fill the graft window as well as the joint space
surrounding the implant may be introduced using the deliv-
ery tool in the various aspects described herein above.

Reference is made to FIGS. 25-28, which depict addi-
tional views of the implant 825. In particular, FIG. 25
illustrates a top isometric view of the delivery tool 820 and
implant 825, FIG. 26 illustrates a close-up isometric view of
the implant 825 and distal end of the delivery tool 820, FIG.
27 illustrates a close-up isometric view of the implant 825
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and the delivery tool 820 from an opposite side as FIG. 26,
and FIG. 28 illustrates a cross-sectional side view of the
distal end of the delivery tool 820 and the implant 825.

As seen in FIG. 23, the anchor arm 8115 may be slidably
coupled with a guide beam 8515 of the implant arm 8110.
The guide beam 8515 may be attached to the implant arm
8110 at one end and protrude from the implant arm 8110 in
a cantilevered configuration, wherein the protrusion angle of
the guide beam 8515 is configured to result in a predeter-
mined anchor entry angle relative to the implant, for
example, through the implant 825. The anchor arm 8115
may be provided with a slidable fitting 8517 at an end
opposite the anchor arm collar 8519, as seen in FIG. 25. In
this way, the slidable fitting 8517 may be translated along
the guide beam 8515 to adjust the distance between the
anchor arm collar 8519 and the implant 825, while main-
taining the angular relationship between the arms 8110,
8115, the collar 8519, and the implant bore 840.

Referring to the implant 825, as shown in FIGS. 21-22
and FIGS. 24-28, it includes a distal or leading end 8521, a
proximal or trailing end 8523, a longitudinally extending
body or intra-articular member 8525, a first and second bore
or void 840, 841 extending across the body 8525, and keels,
fins, or planar members 8527 that extend outwardly away
from the body 8525. The shape of the body 8525 is
L-shaped, boot-shaped, or generally a shape matching a
sacroiliac joint of a human. More particularly, the body 8525
includes a rectangular body portion 8529 and a projection
8531 at the distal end 8521 of the body 8525 of the implant
825. The first void 840 extends through the rectangular body
portion 8529 and the second void 841 extends through the
projection 8531. As best seen in FIGS. 26, 27 and 28, the
keels 8527 extend outward from a superior or top edge 8533
of' the rectangular body portion 8529 of the body 8525 of the
implant 825. The keels 8527 extend from the proximal end
8523 to the distal end 8521 and bisect the rectangular body
portion 8529 and the projection 8531.

The implant 825 includes opposite side surfaces 8535 that
are generally parallel with each other. The void 840 through
the rectangular body portion 8529 is elongate and generally
extends from near the proximal end 8523 to near the distal
end 8521. The portion of the body 8525 of the implant 825
defining the distal end 8521 of the implant 825 is tapered to
an edge 8537. At the proximal end 8523 of the implant 825
is a bore 8539 for coupling with the delivery tool 820 and
also through which the bone paste material may be injected
into the void 840 of the implant 825.

As seen in FIG. 28, the first and second voids 840, 841 are
connected by a passageway 8541 so bone paste material
injected into the void 840 of the implant 825 can then travel
through the passageway 8541 and into the second void 841
in the projection 8531 at the distal end 8521 of the implant
825.

The foregoing merely illustrates the principles of the
embodiments described herein. Various modifications and
alterations to the described embodiments will be apparent to
those skilled in the art in view of the teachings herein. It will
thus be appreciated that those skilled in the art will be able
to devise numerous systems, arrangements and methods
which, although not explicitly shown or described herein,
embody the principles of the embodiments described herein
and are thus within the spirit and scope of the present
disclosure. From the above description and drawings, it will
be understood by those of ordinary skill in the art that the
particular embodiments shown and described are for pur-
poses of illustrations only and are not intended to limit the

15

20

25

30

35

40

45

50

55

60

65

40

scope of the present disclosure. References to details of
particular embodiments are not intended to limit the scope of
the disclosure.

What is claimed is:

1. A method of fusing a sacroiliac joint having a sacrum,
an ilium, and a sacroiliac joint space defined therebetween,
the method comprising:

a) approaching a posterior aspect of the sacroiliac joint

space with a joint implant comprising:

a distal end opposite a proximal end;

a first side opposite a second side, wherein each of the
first and second sides extend between the distal end
and the proximal end;

a top surface extending between both the distal end and
the proximal end and the first side and the second
side;

a pattern of openings defined on the top surface, the
pattern of openings extending a pattern length
between the distal end and the proximal end and
extending a pattern width between the first side and
second side, the pattern of openings comprising a
plurality of openings extending from the top surface
into an inner portion of the joint implant via a
plurality of channels, respectively;

an orifice extending from an exterior surface of the
proximal end into the inner portion, wherein the
orifice is in fluid communication with the plurality of
channels via the inner portion;

an intra-articular member extending away from the top
surface;

a first bone graft window extending between opposite
faces of the intra-articular member; and

a second bone graft window extending between oppo-
site faces of the intra-articular member, wherein the
first bone graft window is in fluid communication
with the second bone graft window via a passageway
so that an amount of biocompatible material is
configured to travel from the first bone graft window
through the passageway and into the second bone
graft window;

b) delivering the joint implant into the sacroiliac joint
space through an access region, the joint implant being
oriented in the sacroiliac joint space such that the
plurality of channels and the orifice are positioned
within the sacroiliac joint space thereby bringing the
orifice and sacroiliac joint space into fluid communi-
cation via the plurality of channels; and

¢) injecting the amount of biocompatible material at an
initial stage of an injection process into the inner
portion via the orifice and with a delivery tool, the
delivery tool comprising:
an implant arm configured to couple with the joint

implant;

a conduit having a proximal opening opposite a distal
opening; and

a plunger configured to force the amount of biocom-
patible material to flow distally through the conduit,
wherein the amount of biocompatible material is
sufficient to fill the inner portion.

2. The method of claim 1, wherein the amount of bio-
compatible material is advanced outwardly from the distal
opening of the conduit and into the inner portion of the joint
implant at the initial stage of the injection process along a
first path; and, at a subsequent stage of the injection process,
the amount of biocompatible material moves from the inner
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portion through the plurality of channels via a second path
and into the sacroiliac joint space immediately adjacent the
top surface.

3. The method of claim 1, wherein the conduit narrows at
the distal opening and is sized to fit closely within the orifice.

4. The method of claim 1, wherein a distal end of the
implant arm comprises a pair of alignment protrusions
configured to engage corresponding complementary voids
of the joint implant on opposite sides of the orifice.

5. The method of claim 1, wherein the joint implant
comprises a bottom surface opposite the top surface and
wherein at least a portion of the intra-articular member
extends away from the bottom surface, the intra-articular
member comprising a sacral surface opposite an iliac sur-
face, wherein the first side extends away from the sacral
surface and the second side extends away from the iliac
surface.

6. The method of claim 5, wherein, when the joint implant
is oriented in the sacroiliac joint space such that the intra-
articular member is coplanar with the joint plane of the
sacroiliac joint space, the first side extends into the sacrum
and the second side extends into the ilium.

7. The method of claim 5, wherein both the first and the
second bone graft window extend between the sacral surface
and iliac surface.

8. The method of claim 7, wherein the first bone graft
window comprises a proximal end, a top side and a bottom
side wherein a junction between the proximal end and the
top side comprises a transition slope having a radiused
surface.

9. The method of claim 8, wherein the pattern of openings
is positioned distal to the transition slope.

10. The method of claim 9, wherein the first bone graft
window comprises a length extending between the proximal
end and distal end of the joint implant and a height extending
between the top side and the bottom side of the first bone
graft window, the length being greater than the height.

11. The method of claim 10, wherein the first bone graft
window comprises a distal end opposite the first bone graft
window proximal end, wherein a distal portion of the joint
implant distal to the first bone graft window distal end is
configured such that the sacral surface and the iliac surface
transition to a tapered wedge arrangement at a distal most
end of the joint implant.

12. The method of claim 11, wherein a distal most tip of
the joint implant distal most end extends further distally than
the top surface.

13. The method of claim 1, wherein the plurality of
openings are staggered as they extend the pattern length
such that a second opening of the plurality of openings is
offset from first and third openings of the plurality of
openings towards the first side and defining the pattern
width.

14. The method of claim 13, wherein a fourth opening of
the plurality of openings is offset from the first and third
openings toward the second side.

15. The method of claim 1, wherein the pattern length is
greater than the pattern width.

16. The method of claim 1, wherein the first bone graft
window is positioned inferior to the top surface while the
second bone graft window is positioned superior to the top
surface.

17. The method of claim 1, wherein the passageway is
sized larger than any of the plurality of openings.

18. The method of claim 1, wherein the joint implant
comprises an anti-migration element comprising a ramped
structure coupled to a surface of the joint implant, the
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anti-migration element configured to inhibit migration of the
joint implant once implanted.

19. The method of claim 1, wherein the intra-articular
member has an L-shaped or boot-shaped configuration, or a
shape matching the sacroiliac joint of a human.

20. The method of claim 1, wherein the plurality of
openings comprises a first, a second and a third opening, and
wherein each of the first, second, and third openings com-
prises a circular perimeter.

21. The method of claim 1, wherein the plurality of
openings comprises a first, a second and a third opening and
wherein each of the first, second, and third openings com-
prises a perimeter having a pair of parallel sides.

22. The method of claim 1, wherein the plurality of
openings comprises a first, a second and a third opening, and
wherein the first and second openings are separated by a
strut extending between the first and second sides of the joint
implant, wherein the strut comprises a first termination and
a second termination opposite the first termination, and
wherein at least one of the first and second terminations is
positioned in closer proximity to the proximal end of the
joint implant while at least one of the second and first
terminations is positioned in closer proximity to the distal
end of the joint implant.

23. The method of claim 22, wherein the strut is config-
ured such that the strut is deformable in response to inward
pressure from the sacrum or ilium.

24. The method of claim 23, wherein the strut is elasti-
cally deformable.

25. The method of claim 23, wherein the strut is inelas-
tically deformable.

26. A method of fusing a sacroiliac joint having a sacrum,
an ilium, and a sacroiliac joint space defined therebetween,
the method comprising:

a) approaching a posterior access region of the sacroiliac

joint space with a joint implant comprising:

a first keel defining a plurality of openings therein, the
plurality of openings extending through the first keel
to opposite sides of the first keel via a plurality of
channels, respectively;

an intra-articular member coupled with the first keel,
the intra-articular member defining an inner cavity
therein, wherein one of the opposite sides of the first
keel defines at least a portion of the inner cavity;

an orifice extending from an exterior surface of the
joint implant into the inner cavity, wherein the orifice
is in fluid communication with the plurality of chan-
nels via the inner cavity;

a first bone graft window extending between opposite
faces of the intra-articular member; and

a second bone graft window extending between oppo-
site faces of the intra-articular member, wherein the
first bone graft window is in fluid communication
with the second bone graft window via a passageway
so that an amount of biocompatible material is
configured to travel from the first bone graft window
through the passageway and into the second bone
graft window;

b) delivering the joint implant into the sacroiliac joint
space through the posterior access region, the joint
implant being oriented in the sacroiliac joint space such
that: the intra-articular member is positioned within a
joint plane of the sacroiliac joint space; and, the plu-
rality of channels and the orifice are positioned within
the sacroiliac joint space thereby bringing the orifice
and sacroiliac joint space into fluid communication via
the plurality of channels; and
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¢) injecting the amount of biocompatible material into the

inner cavity via the orifice and with a delivery tool.

27. The method of claim 26, wherein the delivery tool
comprises:

an implant arm configured to couple with the joint

implant;

a conduit having a proximal opening opposite a distal

opening; and

a plunger configured to force the biocompatible material

to flow distally through the conduit, wherein the bio-
compatible material is sufficient to fill the inner cavity.

28. The method of claim 26, wherein the joint implant
comprises an anti-migration element comprising a ramped
structure coupled to a surface of the joint implant, the
anti-migration element configured to inhibit migration of the
joint implant once implanted.

29. The method of claim 28, wherein the anti-migration
element is coupled to the first keel.

30. The method of claim 26, wherein the plurality of
openings are staggered as they extend between a joint
implant proximal end and a joint implant distal end such that
a second opening of the plurality of openings is offset from
first and third openings of the plurality of openings towards
a first keel edge.

31. The method of claim 30, wherein a fourth opening of
the plurality of openings is offset from the first and third
openings toward a second keel edge opposite the first keel
edge.

32. The method of claim 26, wherein the first bone graft
window comprises a proximal end, a top side and a bottom
side wherein a junction between the proximal end and the
top side comprises a transition slope having a radiused
surface.

33. The method of claim 32, wherein the plurality of
openings is positioned distal to the transition slope.

34. The method of claim 33, wherein the first bone graft
window comprises a length extending between a proximal
end and a distal end of the joint implant and a height
extending between the top side and the bottom side of the
first bone graft window, the length being greater than the
height.

35. The method of claim 26, wherein the first bone graft
window is positioned inferior to the first keel while the
second bone graft window is positioned superior to the first
keel.

36. The method of claim 26, wherein the passageway is
sized larger than any of the plurality of openings.

37. The method of claim 26, wherein the plurality of
openings includes first, second and third openings each
comprising a perimeter having a pair of parallel sides.

38. The method of claim 26, wherein the plurality of
openings includes first, second and third openings and the
first and second openings are separated by a strut extending
between first and second keel edges, wherein the strut
comprises a first termination and a second termination
opposite the first termination, and wherein at least one of the
first and second terminations is positioned in closer prox-
imity to a proximal end of the joint implant while at least one
of the second and first terminations is positioned in closer
proximity to a distal end of the joint implant.

39. The method of claim 38, wherein the strut is config-
ured such that the strut is deformable in response to inward
pressure from the sacrum or ilium.

40. A method for fusing a sacroiliac joint having an ilium,
a sacrum and a plane therebetween with an implant, the
method comprising:
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providing an implant having a top surface, wherein the top
surface comprises a proximal end, a distal end opposite
the proximal end, a first lateral side extending between
the distal end and proximal end, and a second lateral
side extending between the distal end and proximal end
and positioned opposite the first lateral side, a plurality
of spaced apart openings defined on the top surface in
a pattern, the plurality of spaced apart openings com-
prising first, second and third openings, wherein the
first, second, and third openings each extend an open-
ing length from the top surface into an inner portion of
the implant, wherein the pattern is arranged such that:
the second opening is positioned between the first and
third openings; the first opening is positioned between
the proximal end and the second opening; and, the third
opening positioned between the distal end and the
second opening, the implant further comprising:
an intra-articular member extending away from the top
surface;
a first bone graft window extending between opposite
faces of the intra-articular member; and
a second bone graft window extending between oppo-
site faces of the intra-articular member, wherein the
first bone graft window is in fluid communication
with the second bone graft window via a passageway
so that an amount of biocompatible material is
configured to travel from the first bone graft window
through the passageway and into the second bone
graft window;

positioning the implant up to the sacroiliac joint;

aligning the implant such that the first lateral side is

aligned with a sacrum, the second lateral side is aligned
with the ilium and the opening lengths of each of the
first, second, and third openings lies in the plane of the
joint; and

delivering the implant into the sacroiliac joint such that

the first lateral side is positioned within the sacrum, the
second lateral side is positioned within the ilium and
the opening lengths of each of the first, second, and
third openings lies in the plane of the joint.

41. The method of claim 40, wherein each of the first,
second, and third openings comprises a circular perimeter.

42. The method of claim 40, wherein each of the first,
second, and third openings comprises a perimeter having a
pair of parallel sides.

43. The method of claim 40, wherein the first and second
openings are separated by a strut extending between the first
and second lateral sides wherein the strut comprises a first
termination and a second termination opposite the first
termination and wherein at least one of the first or second
terminations is positioned in closer proximity to the proxi-
mal end of the top surface while at least one of the second
or first terminations is positioned in closer proximity to the
distal end of the top surface.

44. The method of claim 43, wherein the strut is config-
ured such that the strut is deformable in response to inward
pressure from the sacrum or ilium.

45. The method of claim 44, wherein the strut is elasti-
cally deformable.

46. The method of claim 44, wherein the strut is inelas-
tically deformable.

47. The method of claim 40, wherein the implant com-
prises an anti-migration element comprising a ramped struc-
ture coupled to a surface of the implant, the anti-migration
element configured to inhibit migration of the implant once
implanted.
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48. The method of claim 40, wherein the first bone graft
window is positioned inferior to the top surface while the
second bone graft window is positioned superior to the top
surface.

49. The method of claim 40, wherein the passageway is
sized larger than any of the plurality of spaced apart open-
ings.

50. The method of claim 40, wherein the implant is
oriented in the sacroiliac joint such that the intra-articular
member is within the joint plane.
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