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METHOD AND IMPLANT SYSTEM FOR
SACROILIAC JOINT FIXATION AND
FUSION

FIELD OF THE INVENTION

The present invention relates generally to medical devices
and medical methods. More particularly, the present inven-
tion relates to musculoskeletal surgical methods and asso-
ciated surgical tools for treatment of the sacroiliac joint.

DISCUSSION OF TH.

(L]

BACKGROUND

Lower back pain 1s a common ailment among the popu-
lation and results 1n both pain and suflfering as well as loss
of work time. Thus, approaches for the treatment of back
pain can both relieve sullering as well as reduce employee

down time. Thus, eflective treatments for lower back pain
have both economic benefits as well as the benefit of
alleviating considerable suflering.

The sacroiliac joint 1s located in the lower back at the
juncture of the 1lium, the upper bone of the pelvis, and the
sacrum at the base of the spine. While the sacroiliac joint has
a limited range of motion, dysfunction of the joint has been
identified. The joint 1s supported by a range of ligaments
including, for example, the sacroiliac ligament at the base of
the joint and the anterior sacroiliac ligament at the top of the
jo1nt.

The sacroiliac joint (SI joint) 1s increasingly being diag-
nosed as a common pain generator. That 1s, SI joint degen-
crative disease and instability are being diagnosed and
treated more commonly. Sacroiliac pain may be caused by
a disruption 1n the joint itself, a biomechanical problem like
a muscle imbalance, trauma, an inflammatory condition like
ankylosing spondylitis, or a degenerative problem as seen
with post-lumbar fusion adjacent segment disorder. Other
contributing factors include post pregnancy pain/instability,
longer life span, and/or more active lifestyles. In addition,
complex spine surgeries, such as for correction of sagittal
plane deformity, often require iliac fixation to maintain
correction 1n patients with a high pelvic incidence or high
risk of lumbo-sacral hardware failure.

High energy pelvic ring injuries that involve disruption of
the SI joint and/or displaced fractures of the sacrum present
unique challenges to the orthopedic traumatologist. Some
sacral fractures require solid posterior stabilization, which
may be diflicult to achueve with typical treatment methods.
Furthermore, vertically unstable sacral fractures/SI joint
disruptions have a relatively high incidence of neurovascular
mjury and may require unique stabilization. Typically, a
spinal surgeon will be mvolved to perform lumbo-pelvic
stabilization of these 1njuries to provide vertical stability of
the 1injury. However, there may be significant soft tissue
trauma associated with these injuries, making extensive
surgical approaches of elevated risk in terms of infection and
wound complications.

Immobilization of the SI joint can result in significant
reliet of lower back pain. Current techmques and 1nstrumen-
tation systems may require extensive surgical exposure and
dissection. Moreover, such imnstrumentation systems are typi-
cally designed for other applications, and not to connect and
stabilize the lumbar spine and pelvis. As a result, this can
make the surgical times longer and more frustrating for
surgeons and surgical stafl. For example, traditional poste-
rior 1li1ac screws are olten prominent because the posterior
1liac crest 1s relatively subcutaneous. Yet, this sometimes
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makes hardware painful for the patient and at risk for
pressure soreness following surgery.

Furthermore, the current techniques and instruments do
not allow for a secure and consistent fusion construct. They
may provide one or the other many times, but not both
issues. This may lead to further SI joint instability and a
failed surgery.

It 1s therefore desirable to provide new surgical methods
and tools for treating damaged sacroiliac joints that securely
and consistently fuse the joint.

SUMMARY OF THE

INVENTION

The present mvention 1s an improved methods and
devices for the immobilization or fusion of the Sacroiliac
jomt and apparatuses for facilitating the procedure. Immo-
bilization may refer to mechanical holding or surgical
fusion.

The present invention provides a system and surgical
tools for introducing fusion implants that may perform the
functions of mechanical fixation and stability, compression,
and bony fusion. The present invention also relates to
improved implant devices that may perform the functions of
mechanical fixation and stability, compression, and bony
fusion. The present invention also relates to methods of
introducing fusion implants into a targeted joint through a
novel exposure device. Specifically, with respect to some
embodiments, an approach 1s described to address the SI
joint through a posterior access approach while delivering
fusion device that includes both a cavity or channel for graft
or fusion-promoting material and fixation elements which
can be 1n the form of helical anchors, claw or fluke anchors,
blades, screws, and/or other fixation elements, which pro-
vide for compression across the sacroiliac joint. In some
embodiments, a double barreled exposure device may be
utilized to address the SI joint through a posterior approach
while delivering both a fusion device to the SI joint and a
separate fixation device for fixing the sacrum and 1lium
together, which can be 1n the form of a screw, or the like.

It 1s therefore an object of the present invention to provide
an 1mproved approach for both mechanical holding and
surgical fusion through novel exposure devices described
herein. The 1mplants described herein may be introduced
through a posterior approach to address the SI joint and the
fusion device may perform the functions of fixation, com-
pression, and bony fusion, providing a secure fixation ele-
ment for mechanical stability and a bony fusion element that
allows for fusion between the sacrum and the i1lium.

It 1s also an object of the present mnvention to provide an
improved, combined approach for both mechanical holding
and surgical fusion using novel fusion devices that may be
introduced through a novel exposure device through a
posterior approach, while delivering a separate fixation
device which can be i1n the form of a screw, or the like.
Furthermore, the fusion device i1s delivered to the joint,
placed between the sacrum and ilium, while the fixation
device 1s delivered through the 1liac wing, closest to the 1liac
crest, into the sacrum while not entering or going across the
SI joint.

It 1s also an object of the present mvention to provide
novel fusion implants that are capable of performing per-
form the functions of fixation, compression, and bony
fusion, allowing for stable fusion of the SI joint through a
single posterior approach. However, such fusion implants
may be used 1n combination with other devices to mechani-
cally fix and stabilize the joint.
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In some embodiments, the present invention relates to a
fusion 1mplant, comprising an elongate body adapted for
placement 1n an intra-articular space between articular sur-
faces of a joint 1n general longitudinal alignment with a
plane between the articular surfaces of the joint; at least one
fixation element for engagement with bone tissue in at least
one of the articular surfaces of the joint; and a cavity in the
implant for holding a fusion-promoting matenal.

In some embodiments, the present mnvention relates to a
medical mstrument kit, including a jomnt fusion implant
having a central body and at least one lateral fixation
clement for engagement with bone tissue in articular sur-
faces of a joint, and a surgical tool having a working channel
for msertion 1nto an incision (€.g., over a sacroiliac joint) 1n
a human or animal, the working channel having a hollow
barrel having a shape for receiving the joint fusion implant
including the at least one lateral fixation element. The
surgical tool may include at least one tang at the distal end
thereol for insertion 1n a joint exposed by the incision, where
the tang 1s operable to secure maintain a position of the
working channel 1n the joint. In some 1implementations, and
without limitation, the hollow barrel may have an oblong
cross-sectional shape for accommodating the joint fusion
implant and allowing the at least one fixation element to pass
through the hollow barrel without obstruction, where the
hollow barrel has a substantially uniform transverse cross
section having a substantially elliptical shape and the elon-
gate portions ol the elliptical cross-section function as
channels for receiving the at least one lateral fixation ele-
ment. In some implementations, and without limitation, the
hollow barrel may have at least one lateral slot runmng
longitudinally along the hollow barrel to allow the at least
one fixation element to pass through the interior passage
without obstruction. In some embodiments, and without
limitation, the surgical tool may further include a second
working channel that 1s inserted 1into a second 1ncision over
an 1liac wing of the human patient adjacent to the sacroiliac
joint when the working channel 1s inserted into the sacroiliac
joint. In some 1mplementations, and without limitation, the
working channel and the second working channel are con-
nected by a connecting bar having a bend therein, and are
connected at an acute angle that allows the working channel
to be engaged with a posterior side of the sacroiliac joint and
the second working channel to be engaged with a posterior
portion of the 1li1ac wing simultaneously. The kit may further
include additional instruments to establish the working
channels 1n the first and second 1ncisions, and for introduc-
ing the fusion implant into the SI joint and a joint fixation
device (e.g., a surgical screw) into the ilium and sacrum
without traversing the SI joint, including a drill operable to
be passed through the working channel into the incision and
drilling a void through the connective tissues in the SI joint,
as well as drill bits; an iserter having a proximal end
configured to attach to the fusion implant, the inserter being
operable to pass the fusion implant through the hollow barrel
and 1nto the joint; an impactor for driving the fusion implant
into the joint, wherein driving the fusion implant engages the
at least one fixation element with articular surfaces 1n the
joint; joint cutting instruments; dilators; guide wires; guide
pins; guide pin assemblies; a rasp; a box chisel; a driver for
iserting surgical screws (e.g., a tlex-shait driver); adjust-
able arms for stabilizing the working channels; and other
tools that may be utilized 1n establishing incisions and
access to a joint or bone tissue.

In some embodiments, the present mnvention relates to a
method including creating an incision proximal to the
patient’s SI joint, dilating the 1ncision, engaging an exposure
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device with the incision, creating a void 1n the SI joint, and
inserting and securing a joint fusing device in the void
between the 1lium and sacrum.

In some embodiments, the present invention relates to a
method 1including creating an incision proximal to the
patient’s SI joint, creating an incision over i1liac wing,
dilating the incisions, engaging the exposure device with
both 1incisions, creating a void in the SI joint, inserting a
grait into the void, drilling a hole through the 1lium and the
S1 vertebra of the sacrum, and 1nserting a joint fusing device
in the 1lium and sacrum.

In some embodiments, the present invention relates to a
method for repairing a sacroiliac joint of a patient that
includes creating a first incision in the patient’s skin proxi-
mal to the patient’s sacroiliac joint; inserting a first working
channel 1nto the first incision and spreading the sacroiliac
jomt with an inserted end of the first working channel;
creating a void in the sacroiliac joint; inserting a fusion
implant into the void, the fusion implant having at least one
fixation element for engagement with bone tissue 1n the
articular surfaces of the sacrum and the 1lium in the sacro-
iliac joint; creating a second incision in the patient’s skin
over an 1liac wing of the patient adjacent to the sacroiliac
joint; mserting a second working channel into the second
incision wherein a longitudinal axis of the second working
channel does not intersect the sacroiliac joint; and inserting
a jo1nt fixation device 1nto the 1lium and the sacrum through
the second working channel, wherein the joint fixation
device does not traverse the sacroiliac joint.

In some embodiments, the present invention relates to a
method including preparing the patient for surgery (e.g.,
positioning the patient 1n a prone position to provide the
surgeon access to the SI joint, general or local anesthesia,
and the like), locating the SI joint and an incision point for
access to the SI jomnt (e.g., by blunt finger palpation),
isertion of a pin or wire to create an incision, insertion of
a dilator over the pin and impacting the dilator to dilate the
incision to a width through which instruments may be
passed, mserting a working channel of an exposure device
over the dilator, securing the working channel 1n position
with fixing pins, removing the dilator, inserting a drill bit
apparatus through the work channel, using the drll bat
apparatus 1n the working channel to displace bone 1n the SI
joit thereby creating a void, removing the drill bit appara-
tus, loading a joint fusion device into the first working
channel until the joint fusion device 1s positioned proximal
to the void in the patient’s SI joint, inserting an impactor into
the working channel and applying force to displace the graft
into the void 1n the patient’s SI joint, mserting a driver into
the working channel, engaging the joint fusion device with
the driver, and rotating the driver to rotate the joint fusion
device such that anchoring devices on said joint fusion
device engage with bone tissue of at least one of the sacrum
and the 1lium, removing all instruments, and closing the
1NC1S101.

In some embodiments, the present invention relates to a
jomt fixation method including preparing the patient for
surgery (e.g., positioning the patient in a prone position to
provide the surgeon access to the SI joint, general or local
anesthesia, and the like), locating the SI joint and an incision
point for access to the SI joint (e.g., by blunt finger palpa-
tion), insertion of a pin or wire to create an 1ncision,
insertion of a dilator over the pin and impacting the dilator
to dilate the incision to a width through which nstruments
may be passed, mserting a working channel of an exposure
device over the dilator, securing the working channel 1n
position with fixing pins, removing the dilator, inserting a
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dri1ll bit apparatus through the work channel, using the drll
bit apparatus in the working channel to displace bone 1n the
SI joint thereby creating a void, removing the drill bat
apparatus, excavating cortical bone tissue from articular
surfaces within the joint, loading a joint fusion device into
the first working channel until the joint fusion device 1s
positioned proximal to the void in the patient’s SI joint,
inserting an impactor into the working channel and applying
force to displace the joint fusion device mto the void in the
patient’s SI joint, removing all instruments, and closing the
1ncision.

In some embodiments, the present mnvention relates to a
method of implanting a fusion device into a sacroiliac joint
ol a patient, including creating an incision 1n the patient’s
skin proximal to the patient’s sacroiliac joint; using a joint
probe to 1dentily the sacroiliac joint; mserting a guide wire
through a canal 1n the joint probe and into the sacroiliac
joint; slotting a surgical channel device over the guide wire,
the surgical channel device having a working channel;
creating a void 1n the sacroiliac joint, wherein creating the
voild comprises displacing a portion of the patient’s 1lium
and a portion of the patient’s sacrum with an inserted end of
the working channel, nserting a drill bit into the working
channel, and dnlling the void into the sacroiliac joint;
inserting a fusion implant 1into the void, wherein the fusion
implant 1ncludes a plurality of fixation elements and 1is
configured to substantially compress, fix, and fuse the
patient’s 1lium to the patient’s sacrum; and engaging the
fixation elements of the fusion implant with bone tissue 1n
the articular surfaces of the patient’s 1lium and sacrum.

In some embodiments, the present mnvention relates to a
method including preparing the patient for surgery (e.g.,
positioning the patient 1n a prone position to provide the
surgeon access to the SI joint, general or local anesthesia,
and the like), making a small incision over the top of the 1liac
wing from a posterior approach, locating the SI joint and an
incision point for access to the SI joint (e.g., by blunt finger
palpation), insertion of a pin or wire to create an incision,
insertion of a dilator over the pin and impacting the dilator
to dilate the 1ncision to a width through which instruments
may be passed, inserting a first working channel of a
double-barreled, double-angled exposure device over the
dilator and inserting a second working channel of said
exposure device in the incision over the 1liac wing, securing
the first and second working channels in position with fixing
pins, removing the dilator, mnserting a drill bit apparatus
through each of the first and second work channels, using the
drill bit apparatus in the first working channel to displace
bone 1n the SI joint thereby creating a void, using the drill
bit apparatus (or a second drill bit apparatus) 1n the second
working channel to drill a hole 1n the 1liac crest and the SI
vertebra of the sacrum, removing the drill bit apparatus,
loading a graft onto an inserter and inserting the graft and
inserter mto the first working channel until the graft is
positioned proximal to the void in the patient’s SI joint,
iserting an impactor into the first working channel and
applying force to displace the grait into the void in the
patient’s SI joint, inserting a joint fusion device coupled to
a Tusion device inserter into the second working channel and
implanting said joint fusion device 1n the hole 1n the iliac
crest and the sacrum, removing all instruments, and closing
the 1ncisions.

Additional objects of the invention will be apparent from

the detailed descriptions and the claims herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an anterior view of the bony anatomy of the
pelvis and sacrum.
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FIG. 2 1s a posterior view of the bony anatomy of the
pelvis and sacrum.

FIG. 3 1s a nght lateral view of the bony anatomy of the
pelvis and sacrum.

FIG. 4 15 a left lateral view of the bony anatomy of the
pelvis and sacrum.

FIG. 5 1s a superior view of the bony anatomy of the
pelvis and sacrum.

FIG. 6 1s an inferior view of the bony anatomy of the
pelvis and sacrum.

FIG. 7 1s an oblique view of the right sacroiliac joint.

FIG. 8 1s a perspective view of a joint probe.

FIG. 9 1s an enlarged view of the joint probe 1n FIG. 8.

FIG. 10 1s an end view of the joint probe i FIG. 8.

FIG. 11 1s a perspective view of a guide pin.

FIG. 12 1s an end view of the guide pin in FIG. 11.

FIG. 13 1s a perspective view of a joint cutting instrument.

FIG. 14 1s an enlarged view of the joint cutting instrument
in FIG. 13.

FIG. 15 1s an end view of the joint cutting instrument 1n
FIG. 13.

FIG. 16 1s a perspective view of a t-handle addition for a
joint cutting instrument.

FIG. 17 1s an end view of the t-handle addition 1n FIG. 16.

FIG. 18 1s a perspective view of a joint cutting assembly.

FIG. 19 1s an exploded, perspective view of the joint
cutting assembly in FIG. 18.

FIG. 20 1s a perspective view of a drill bat.

FIG. 21 1s an end view of the dnll bit 1n FIG. 20.

FIG. 22 15 a perspective view of a fixation pin insertion
assembly.

FIG. 23 1s an exploded, perspective view of the fixation
pin insertion assembly 1 FIG. 22.

FIG. 24 1s a side view of a box chisel.

FIG. 25 1s a side view of a rasp.

FIG. 26 1s a perspective view of a bone graft impactor.

FIG. 27 15 a perspective view of a surgical tool according,
to an embodiment of the present invention.

FIG. 28 1s a side view of a surgical tool according to an
embodiment of the present invention.

FIG. 29 1s a top view of a surgical tool according to an
embodiment of the present invention.

FIG. 30 1s a perspective view of a surgical tool according
to an embodiment of the present invention.

FIG. 31 15 a perspective view of a surgical tool according
to an embodiment of the present invention.

FIG. 32A 1s a close-up perspective view of the distal end
of a surgical tool according to an embodiment of the present
invention, where the surgical includes tangs at a distal end
thereof.

FIG. 32B 1s a close-up perspective view of the distal end
of a surgical tool according to an embodiment of the present
invention, where the surgical includes tangs at a distal end
thereof.

FIG. 33 1s a perspective view of a surgical tool according
to an embodiment of the present invention.

FIG. 34 1s a side view of a surgical tool according to an
embodiment of the present invention.

FIG. 35 1s a top view of a surgical tool according to an
embodiment of the present invention.

FIG. 36 1s a bottom view of a surgical tool according to
an embodiment of the present invention.

FIG. 37 1s an 1solated, top view of a surgical tool
according to an embodiment of the present invention.

FIG. 38 1s a perspective view of a fusion implant inserter
for use with a surgical tool according to an embodiment of
the present invention.



US 10,426,539 B2

7

FIG. 39 15 a perspective view of a fusion implant mserter
engaged with a fusion implant for use with a surgical tool
according to an embodiment of the present invention

FI1G. 40 1s a cross sectional view of one barrel of a surgical
tool according to an embodiment of the present invention.

FIG. 41 1s a cross sectional, side view of one barrel a
surgical tool according to an embodiment of the present
invention engaged with a fusion implant inserter.

FIG. 42 1s a cross sectional, side view of one barrel a

surgical tool according to an embodiment of the present
invention engaged with a fusion implant inserter.

FIG. 43 1s a cross sectional, side view of one barrel a
surgical tool according to an embodiment of the present
invention fully engaged with a fusion implant mserter.

FIG. 44 1s a perspective view of a fixation implant
assembly.

FIG. 45 1s an exploded, perspective view of a fixation
implant assembly.

FIG. 46 1s a perspective view of a fixation implant
insertion assembly.

FIG. 47 1s an exploded, perspective view of a fixation
implant msertion assembly.

FIG. 48 1s a perspective view of an adjustable rack for
attaching working channels according to an embodiment of
the present mnvention.

FIG. 49 15 a perspective view of a Tusion implant having,
helical fixation elements according to an embodiment of the
present invention.

FIG. 50 1s a side perspective view of a fusion implant
having helical fixation elements according to an embodi-
ment of the present invention.

FIG. 51 1s a distal view of a fusion implant having helical
fixation elements according to an embodiment of the present
invention.

FIG. 52 1s a perspective view of a fusion implant having
a helical fixation element according to an embodiment of the
present mvention.

FIG. 53 15 a side view of a fusion implant having a helical
fixation element according to an embodiment of the present
invention.

FIG. 54 1s a distal view of a fusion implant having a
helical fixation element according to an embodiment of the
present invention.

FIG. 55 1s an oblique, posterior view of the sacroiliac joint
with a fusion implant having helical fixation elements placed
in the sacroiliac joint through a posterior approach according
to an embodiment of the present invention.

FIG. 56 1s a perspective view of a fenestrated sacroiliac
fusion implant having lateral flukes according to an embodi-
ment of the present invention.

FIG. 57 1s a side perspective view ol a fenestrated
sacroiliac fusion implant having lateral flukes according to
an embodiment of the present invention.

FIG. 58 1s an oblique, posterior view of the sacroiliac joint
with a fenestrated tusion implant having lateral flukes placed
in the sacroiliac joint through a posterior approach according
to an embodiment of the present invention.

FIG. 589 15 a perspective view of an open-body, compres-
s10n screw sacroiliac fusion implant according to an embodi-
ment of the present invention.

FIG. 60 1s a superior view of an open-body, compression
screw sacroiliac fusion implant according to an embodiment
of the present invention.

FIG. 61 1s a side view of an open-body, compression
screw sacroiliac fusion implant according to an embodiment
of the present invention.
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FIG. 62 1s an oblique, posterior view of the sacroiliac joint
with an open-body, compression screw sacroiliac fusion
implant placed 1n the sacroiliac joint through a posterior
approach according to an embodiment of the present inven-
tion.

FIG. 63 1s a perspective view of an open-body sacroiliac
fusion 1implant having lateral blades according to an embodi-
ment of the present invention.

FIG. 64 1s a superior view ol an open-body sacroiliac
fusion 1implant having lateral blades according to an embodi-
ment of the present invention.

FIG. 65 1s a perspective view of an open-body sacroiliac
fusion implant having detachable lateral blades according to
an embodiment of the present invention.

FIG. 66 1s a perspective view of a detached lateral blade
for an open-body sacroiliac fusion implant according to an
embodiment of the present invention.

FIG. 67 1s an oblique, posterior view of the sacroiliac joint
with an open-body sacroiliac fusion implant having lateral
blades placed in the sacroiliac joint through a posterior
approach according to an embodiment of the present inven-
tion.

FIG. 68 1s a perspective view of an open-body sacroiliac
fusion implant having a rotatable member with lateral flukes
according to an embodiment of the present invention.

FIG. 69 1s a proximal view of an open-body sacroiliac
fusion implant having a rotatable member with lateral flukes
according to an embodiment of the present invention.

FIG. 70 1s a side view of an open-body sacroiliac fusion
implant having a rotatable member with lateral flukes
according to an embodiment of the present imvention.

FIG. 71 1s an oblique posterior view of the sacroiliac joint.

FIG. 72 1s an oblique posterior view of the sacroiliac joint
and a joint probe.

FIG. 73 1s an oblique posterior view of the sacroiliac joint
and a joint probe with the joint probe 1dentifying the SI joint.

FIG. 74 1s an enlarged oblique posterior view of the
sacroiliac joint and a joint probe with the joint probe
identifying the SI joint.

FIG. 75 1s an oblique posterior view of the SI joint and a
joit probe with a guide pin marking the SI joint.

FIG. 76 1s an oblique posterior view of an SI joint with a
joint cutting instrument entering the joint.

FIG. 77 1s an enlarged oblique posterior view of an SI
joint with a joint cutting instrument entering the joint.

FIG. 78 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted mnto an SI joint.

FIG. 79 1s an oblique posterior view of a joint cutting
assembly and a surgical tool according to an embodiment of
the present invention inserted nto an SI joint.

FIG. 80 1s an oblique posterior view of an SI joint with a
surgical tool according to an embodiment of the present
invention and a fixation pin assembly.

FIG. 81 1s an enlarged oblique posterior view displaying
a fixation pin assembly and a surgical tool according to an
embodiment of the present invention.

FIG. 82 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted 1nto an SI joint with the guide pins marking implant
placements.

FIG. 83 1s an enlarged, superior view of a surgical tool
according to an embodiment of the present invention
inserted into an SI joint with the guide pins marking implant
placements.
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FIG. 84 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted mto an SI joint with drill bits present 1n working
channel of the surgical tool.

FIG. 85 1s an enlarged oblique posterior view of a surgical
tool according to an embodiment of the present invention
iserted mto an SI joint with drill bits present 1n working
channel of the surgical tool.

FIG. 86 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
mserted mmto an SI joint with a box chisel inserted nto a
working channel of the surgical tool.

FIG. 87 1s an enlarged oblique posterior view of a box
chusel inserted into an SI joint, with a working channel
removed from view for clanty.

FIG. 88 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
iserted ito an SI joint with a rasp inserted into a working
channel of the surgical tool.

FIG. 89 1s an enlarged oblique posterior view of a rasp
inserted into an SI joint, with a working channel removed
from view for clarity.

FIG. 90 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted mmto an SI jomt with a fusion implant inserter
mserted mto a working channel of the surgical tool.

FIG. 91 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted mto an SI joint with an 1mpactor nserted into a
working channel of the surgical tool.

FI1G. 92 1s an oblique posterior view of an SI joint with a
joint cutting mstrument entering the joint.

FIG. 93 1s an enlarged oblique posterior view of an SI
joint with a joint cutting instrument entering the joint.

FIG. 94 1s an oblique posterior view of a surgical tool
engaged with the sacroiliac joint and the 1liac wing accord-
ing to an embodiment of the present mnvention inserted into
an SI joint.

FIG. 95 1s an oblique posterior view of a joint cutting
assembly and a surgical tool engaged with the sacroiliac
joint and the 1liac wing according to an embodiment of the
present invention inserted into an SI joint.

FIG. 96 1s an oblique posterior view of an SI joint with a
surgical tool and a fixation pin assembly engaged with the
sacroiliac joint and the 1liac wing according to an embodi-
ment of the present invention.

FIG. 97 1s an enlarged oblique posterior view displaying
a fixation pin assembly and a surgical tool engaged with the
sacroiliac joint and the iliac wing according to an embodi-
ment of the present invention.

FIG. 98 1s an oblique posterior view of a surgical tool with
the guide pins engaged with the sacroiliac joint and the 1liac
wing according to an embodiment of the present mnvention
inserted mto an SI joint.

FIG. 99 1s an enlarged, superior view of a surgical tool
with the guide pins engaged with the sacroiliac joint and the

1liac wing according to an embodiment of the present
invention.

FIG. 100 1s a superior view of guide pin placements
according to an embodiment of the present invention.

FIG. 101 1s an enlarged superior view of guide pin
placements according to an embodiment of the present
invention.

FIG. 102 1s an enlarged, posterior view of guide pin
placements according to an embodiment of the present
invention.
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FIG. 103 1s an anterior view of a surgical tool according
to an embodiment of the present invention inserted into an
SI joint with guide pins for guiding fusion implant place-
ment.

FIG. 104 1s a superior view of a surgical tool according to
an embodiment of the present invention engaged into an SI
joint with guide pins for guiding fusion implant placement.

FIG. 105 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
engaged with an SI joint and the iliac wing with drill bits
present 1n working channels of the surgical tool.

FIG. 106 1s an enlarged oblique posterior view of a
surgical tool according to an embodiment of the present
invention engaged with an SI jomt and the iliac wing with
dr1ll bits present in working channels of the surgical tool.

FIG. 107 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
engaged with an SI joint and the 1liac wing with a box chisel
iserted mnto a working channel of the surgical tool.

FIG. 108 1s an enlarged oblique posterior view of a box
chisel inserted into an SI joint, with a working channel
removed from view for clarity.

FIG. 109 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
engaged with an SI joint and the iliac wing with a rasp
mserted mto a working channel of the surgical tool.

FIG. 110 1s an enlarged oblique posterior view of a rasp
inserted mto an SI joint, with a working channel removed
from view for clarty.

FIG. 111 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
engaged with an SI joint and the 1liac wing with an impactor
inserted mnto a working channel of the surgical tool.

FIG. 112 1s an enlarged oblique posterior view of an
impactor mserted mnto an SI joint, with a working channel
removed from view for clarity.

FIG. 113 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted to an SI joint with a fusion implant inserter placed
in a working channel of the surgical tool.

FIG. 114 1s an oblique posterior view of a surgical tool
according to an embodiment of the present invention
inserted into an SI joint with an impactor inserted into a
working channel of the surgical tool.

FIG. 115 1s an enlarged, oblique view of a fusion implant
and a fixation implant 1n place 1n the sacroiliac joint and the
iliac wing and sacrum, respectively, where the fixation
implant does not pass through the sacroiliac joint.

FIG. 116 1s an enlarged, superior view of a fusion implant
and a fixation implant 1n place 1n the sacroiliac joint and the
1liac wing and sacrum, respectively.

FIG. 117 1s a posterior view of a pelvis with a surgical tool
according to an embodiment of the present invention
iserted mto an SI joint.

FIG. 118 1s a posterior view of a pelvis with a surgical tool
according to an embodiment of the present invention with
two independent working channels, one 1nserted into an SI
jomt and one positioned over an i1liac crest.

FIG. 119 1s a posterior view of a pelvis with a surgical tool
according to an embodiment of the present invention with
two independent working channels attached by an adjustable
rack.

FIG. 120 1s a posterior view of a pelvis with a surgical tool
according to an embodiment of the present invention with
two parallel barrels.

FIG. 121 1s an enlarged posterior view showing two
fusion 1mplants inserted in an SI joint.
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FI1G. 122 1s a posterior view of a pelvis with a surgical tool
according to an embodiment of the present invention with

two independent working channels, one inserted into an SI
joint and one inserted over an iliac crest. The working
channel inserted into the SI joint may have two barrels for
the placement of two fusion devices 1n the SI joint.

FIG. 123 1s an enlarged posterior view showing two
fusion devices 1nserted 1n an SI joint and one fixation device
in the i1lium.

FIG. 124 1s a superior view showing two fusion devices
inserted 1 an SI joint and one fixation device in the 1lium.

FI1G. 125 15 a posterior view of a pelvis with two surgical
tools according to an embodiment of the present invention
with a bilateral placement of the two surgical tools for the
placement of bilateral implants.

DETAILED DESCRIPTION

Reference will now be made in detail to certain embodi-
ments of the invention, examples of which are 1llustrated in
the accompanying drawings. While the invention will be
described in reference to these figures and certain imple-
mentations and examples of the embodiments, 1t will be
understood that such implementations and examples are not
intended to limit the imnvention. To the contrary, the invention
1s intended to cover alternatives, modifications, and equiva-
lents that are included within the spirit and scope of the
invention as defined by the claims. In the following disclo-
sure, specific details are given to provide a thorough under-
standing of the invention. References to various features of
the “present invention” throughout this document do not
mean that all claimed embodiments or methods must include
the referenced features. It will be apparent to one skilled in
the art that the present invention may be practiced without
these specific details or features.

Reference will be made to the exemplary illustrations in
the accompanying drawings, and like reference characters
may be used to designate like or corresponding parts
throughout the several views of the drawings.

The present invention relates to novel fusion implants and
surgical tools designed for repairing a damaged or injured
sacroiliac joint 1n a human patient, and methods for using
such fusion implants and tools 1n procedures for repairing
the damaged or injured sacroiliac joint. More specifically,
the present invention pertains to a method for compressing,
fixing, and fusing a damaged sacroiliac joint using a fusion
implant having fixation element(s) (e.g., integrally formed
fixation elements) and a channel or cavity for holding bone
growth-promoting materials that provides for mechanical
stability and promotes the formation of a contiguous piece of
bone from the sacrum to the i1ltum. The fusion implants may
be applied to the SI joint through a novel surgical tool (e.g.,
an exposure device) without the need for additional patient
positioning or secondary surgery.

With respect to some embodiments, an approach 1s
described to address the SI joint through a posterior
approach while delivering a fusion implant device that may
both compress and fix the SI joint and deliver bone growth-
promoting material (e.g., autologous bone, allograit, BMP,
ctc.). The fusion implant may be delivered to the joint,
placed between the sacrum and ilium, and one or more
fixation elements (e.g., integral fixation elements) of the
fusion 1mplant may be engaged with bone tissue in the
articular surfaces of the sacrum and ilium of the patient to
thereby compress and {ix the SI joint. In some embodiments,
an additional fixation device may be delivered through the
iliac wing and into the sacrum to assist in mechanically
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fixing the 1llum and sacrum together, without the fixation
device entering or traversing the SI joint.

An exemplary exposure device may include a working
channel for gmiding various surgical tools during a mini-
mally mvasive SI joint repair procedure. The surgical tool
may allow the insertion of a fusion implant into the SI joint
through the working channel 1n the surgical tool and guide
the placement of the fusion implant into the SI joint. The tool
enables a minmimally invasive surgical method for repairing
an SI joint that results in a secure, consistent, and reliable
fusion of the SI joint. The surgical tool enables the 1nsertion
of the fusion implant 1nto the SI joint while avoiding damage
to the soft and connective tissues 1n and around the SI joint
by closely controlling the placement of the fusion implant.
The surgical tool may have a barrel or cannula through
which the fusion implant 1s passed into the SI joint that has
an interior perimeter shape that 1s complementary to and/or
accommodative of the perimeter shape of the fusion implant.
For example, and without limitation, the fusion implant may
have lateral fixation elements (e.g., flukes or blades) for
engaging with bone tissue in the articular surfaces of the
sacrum and/or iltum within the sacroiliac joint, and the
interior of the cannula or barrel may have an oblong or
elliptical cross-sectional shape or lateral slots such that the
lateral fixation elements of the fusion implant can be passed
through the barrel or cannula without obstruction. The
matching of the perimeter shapes of the interior of the barrel
and the fusion implant may also allow the fusion implant to
be properly oriented for placement in the SI joint. In some
examples, and without limitation, the interior of the barrel
may also include longitudinal notches that may be engaged
with tabs or protrusions on the fusion implant 1n order to
maintain proper orientation of the fusion implant within the
barrel.

In some embodiments, the exposure device may include
an additional working channel that 1s placed laterally to the
SI working channel and over the i1liac wing. The additional
working channel may allow for the insertion of a fixation
device (e.g., surgical screw) into the 1llum and sacrum to aid
in mechanically securing the SI joint. The additional channel
may enable the insertion of a joint fixation device (e.g., a
screw or other stabilizing device) into the 1lium and sacrum
such that the additional joint fixation device does not enter
or traverse (pass through) the SI joint, thereby further
avoilding damage to connective tissue of the SI joint.

Relevant Anatomy Description

Referring to the drawings, FIG. 1 displays the bony
anatomy of the sacrum and pelvis 1n a frontal, or anterior,
view. The SI joint 102 1s located between the 1ltum, or 1liac
wing, 100 and the sacrum 101 at the base of the pelvis 201.
Additionally, the ridgeline of the articular process, the lateral
ala 203 and the pedicle 104 of vertebrae 51 can be observed
in this view. In FIG. 2, 1t can be seen that the SI joint 102
1s not fully exposed for direct visualization from a rear, or
posterior, viewpoint due to the angled and raised 1liac crest
200 of the 1liac wing 100. This angle provides a landmark for
the entry point of the exposure device of the present inven-
tion at the posterior 1liac crest. In FIG. 3 and FIG. 4, the
prominence of the iliac crest 200 1s displayed, along with the
large surface area of the i1liac wing 100, while the SI joint 1s
tully enclosed between the 1liac wing 100 and the sacrum
101 and occluded for direct visualization by the 1liac wing
100. Again, the landmark of the posterior 1liac crest can be
seen. From a top down view, or superior view, the sacroiliac
joint 102 can be fully observed between the iliac wing 100
and the sacrum 101, as shown in FIG. 5. Also shown 1n FIG.
5, the full sacrum 101 and specifically the vertebral body




US 10,426,539 B2

13

103 of S1. The posterior superior i1liac crest and the entry
point of the S1 pedicle 104 can be observed 1n a direct line

from one another (see also FIGS. 110-111).

In FIG. 6, 1t can be again observed that the SI joint 1s
occluded from direct visualization due to the anatomy of the
sacrum 101, the 1lium 100 and the pelvis 201. Therefore, the
only direct visualization of the SI joint can be achieved
through an anterior, superior or posterior-oblique view of the
sacrum and pelvis. Due to major organs being present in the
pelvic-sacral cavity (colon, rectum, bladder, etc.), an ante-
rior or superior approach to the bony anatomy and, specifi-
cally the SI joint, presents an unreasonable risk. Lateral
approaches can be performed as described 1n Published U.S.
Pat. No. 5,334,205 to Cain, entitled “Sacroiliac Joint Fixa-

tion Guide,” incorporated herein by reference and Published
U.S. Pat. No. 8,221,428 to Trieu, entitled “Sacro-iliac joint
implant system, method and instrument,” incorporated
herein by reference. However, these techniques rely on
non-direct confirmation methods such as navigation and
fluoroscopy to determine accurate landmark and sacroiliac
joint locations.

The present mvention provides for novel surgical tech-
niques and novel fusion implant and instrument designs
which allow for a direct visualization of the SI joint by
utilizing a posterior-oblique access method to the anatomy
as displayed 1n the oblique view of FIG. 7. In this drawing,
the SI joint 102 can be clearly viewed between the right
ilium 100 and sacrum 101. A corresponding joint may be
exposed through the same approach on the left hand side.
Additionally, the anatomical landmark of the right posterior
1liac crest and the corresponding access to the S1 pedicle 104
can be seen through this approach.

Instruments

The present mvention utilizes a novel exposure device
and a surgical tool kit that may be used 1n a novel surgical
method to introduce and secure a fusion implant mn a
patient’s SI joint. The present invention also relates to novel
fusion 1implants that may be implanted into the SI joint, for
example, by the novel surgical tools and methods of the
present invention. Exemplary tools are described herein.

The novel exposure device may be a surgical guiding tool
having a working channel therein for guiding other surgical
tools for use 1n repairing an SI joint.

FIGS. 27-32B, show exemplary exposure devices 137 and
137a for accessing a sacroiliac joint 1s shown, having a
working channel 239 that may be engaged with a posterior
side of the sacroiliac joint. The working channels of the
exposure devices may have a hollow barrel therein for
passing various surgical tools that may have a shape corre-
sponding to (complementary to) the hollow barrel. The
working channel may provide a guide for iserting the
various surgical tools into the SI joint, allowing precise
surgical incisions, insertions of the fusion implant, etc. The
barrel of the working channel may have an interior perimeter
shape that 1s complementary to and/or accommodative of the
perimeter shape of a fusion implant may be passed into the
SI joint. The matching of the perimeter shapes of the interior
of the barrel and the fusion implant may allow the fusion
implant to be properly oriented for placement 1n the SI joint.
For example, and without limitation, the exemplary expo-
sure device 137 has a barrel having a substantially circular
interior cross-section that may accommodate fusion
implants that have circular cross-section (e.g., a helical
implant) or a cross-section having a greatest diameter that 1s
less than the diameter of the interior cross-section of the
barrel.
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In a further example, and without limitation, the barrel
exposure device 137 may have an oblong or elliptical
interior cross-section 190a, where the elongated portions of
the barrel (e.g., the portions of the interior cross-section of
the barrel that near the end of the major axis of the elliptical
shape) act as channels through which lateral extensions of a
fusion 1mplant (e.g., a fusion mmplant having flukes or
blades) may pass without obstruction. The interior of the
barrel may have other shapes as well. For example, and
without limitation, the interior perimeter of the barrel may
have two lateral slots spaced at about 180° from one another
in order to accommodate two lateral flukes, hooks, or blades
extending from a body of an SI fusion implant. The working
channel 239 may also have one or more pin guide slots 139
on one or more sides thereof for nsertion of fixing pins to
immobilize the exposure device 137 or 137a when 1t 1s
engaged with the SI joint. In other implementations, and
without limitation, a stabilizing arm (e.g., a retractor arm—
not shown) may be engaged with a handle 140 and/or slot
141 in the handle 1n order hold the exposure device 1n a static
and stable position.

The working channel 239 may have one or more windows
138 1n the sides of the hollow barrel allowing the progress
of a tool 1nserted therein to be observed through the one or
more windows. For example, a surgical implement (e.g., a
dilator) inserted into the hollow barrel of working channel
239 may have notches and/or unit markings on a side thereof
that are wvisible through the one or more windows 138,
allowing the progress and depth of the surgical implement to
be precisely known. The windows 138 may also allow
access to the surgical implements nserted into the working
channel. IT a surgical implement becomes dithicult to remove
during a surgical procedure due to the presence of fluid in the
hollow barrel of the working channel (e.g., creating suction),
appropriate tools can be used to access the surgical 1nstru-
ment through the window(s) 138 to aid 1n the removal of the
surgical implement.

Referring to FIG. 29, the hollow barrel of the working
channel 239 may have a slot 146 (e.g., a timing feature) that
arrests the progress of a surgical implement inserted into the
hollow barrel of the channel. The slot 146 prevents the
surgical implement from advance too far into the SI joint or
the 1llum and sacrum, thereby preventing damage to the
tissue of the patient. The surgical implements used in
connection with the exposure device 137 may have a pro-
trusion that 1s complementary to the slot 146, such that the
slot 1s effective 1n controlling a depth to which the surgical
implement can be inserted. The slot 146 also may ensure that
such surgical implements having a complementary protru-
s1on are and remain properly oriented 1n the hollow barrel of
the working channel, with no axial movement, during the
surgical procedure.

The hollow barrel of the working channel may also have
guiding slots therein for properly aligning instruments (e.g.,
a fusion implant inserter, an 1mpactor, etc.) and/or fusion
implants for passage through the hollow barrel. The guiding
slots may engage notches or protrusions on the instruments
or implants such that the notches or protrusions slide along
the guiding slots as the instrument or fusion implant 1s
advanced through the hollow barrel. For example, and
without limitation, guiding slots 146a are shown in the
hollow barrel of exposure device 137a 1n FIG. 31. The
guiding slots 146qa are located at 180° relative to one another
in the hollow barrel, but the invention i1s not limited to such
an arrangement. Various implementations of the exposure
device of the present invention may have one or more
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guiding slots (e.g., 1, 2, 3, etc.) and they may be arranged 1n
various spatial arrangements within the hollow barrel.

The isertable end 142 of the working channel 239 may
have a rounded circular or oblong geometry that prevents or
reduces damage to the soft and connective tissues 1n and
around the posterior side of the SI jomt. Guide channels
having other shapes (e.g., rectangular or square) may dam-
age soft tissues around the SI joint when the guide channel
1s 1serted therein. The round geometry of the isertable end
142 favorably reduces or prevents such damage. The round
or circular insertable end 142 may also have a tapered or
rounded profile, which may further aid m reducing or
preventing damage to the soft and connective tissues around
the SI joint. It 1s to be appreciated that the present invention
1s not limited to working channels having round, circular, or
rounded ends. The working channels may have other perim-
cter shapes circular, oval, triangular, polygonal (pentagonal,
hexagonal, etc.), Reuleaux shapes, and other applicable

shapes.

The msertable end of the working channel may also
include one or more prongs or tangs that extend beyond the
end of the hollow barrel. The one or more prongs or tangs
may allow the working channel to be more easily centered
in the SI joint (e.g., with the tangs aligned along the plane
between the articular surfaces of the SI joint), and may also
serve to help stabilize the position of the working channel 1n
the SI joint. For example, and without limitation, FIGS. 30,
32A, and 32B show embodiments of an exposure device that
includes tangs 180a and 1805 extending from the distal,
insertable end of exposure devices 1375b and 1375. The tangs
180a and 18056 are positioned 180° relative to one another on
the end of the hollow barrel, but the invention 1s not limited
to such an arrangement. In some embodiments (e.g., an
embodiment exemplified by 1375 shown in FIG. 32A), and
without limitation, the tangs 180q and 1805 may be included
at the ends of the major axis of the oblong (e.g., elliptical)
end of the working channel, which may be used with an
implant having lateral fixation elements such as flukes that
may be rotated into the bone tissue after being placed 1n the
SI joint. In other embodiments (e.g., an embodiment exem-
plified by 137¢ shown 1n FIG. 32B), and without limitation,
the tangs 180a and 1805 may be included at the ends of the
minor axis of the oblong (e.g., elliptical) end of the working
channel, which may be used with an implant having lateral
fixation elements such as lateral plates that may be inserted
direct 1nto the bone tissue of the SI joint.

The working channel may have other additional features
such as handles 140 and slots 141 therein (e.g., for inserting
handle extensions, etc.), as well. Additionally, the handle
140 may also be attachable to a stabilizing structure (e.g., a
table or surgical arm, retractor/stabilizing arms, etc.) to
prevent movement of the exposure device or surgical imple-
ments engaged therewith during surgical procedure. It 1s to
be appreciated that the above description of the exposure
tool does not limit the present invention, and other features
are contemplated 1 and within the scope of the present
invention.

In some embodiments the invention may comprise a
double-barreled working channel having side by side (e.g.,
parallel) hollow barrels, each able to receive and guide
surgical 1implements. The two barrels may have a same or
different length. In reference to FI1G. 120, a double-barreled
working channel 295 may have first and second parallel
barrels. Working channel 295 may allow multiple fusion
implants to be inserted into an SI joint. In such embodi-
ments, the additional working channel of the double-bar-
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reled working channel may have similar features as
described above with respect to the working channel 239.

In some embodiments of the present invention, and with-
out limitation, the exposure device may be a surgical guiding
tool having two working channels therein for gmding other
surgical tools for use 1n repairing an SI joint. The two
working channels may be attached to one another by a
connecting member, such as a bar or a rack. The bar may
have a bend or angle therein that positions the two working
channels at an angle (with respect to their longitudinal axes)
relative to one another 1n a range of 0° to 180°. In some
embodiments, the angle between the two working channels
may be acute (e.g., about 30° to about 50°, or any angle in
that range, such as about 45°). The angled positions of the
two working channels allows one working channel to be
positioned over the SI joint and the second working channel
to be positioned over the 1lium (e.g., the 1liac wing) simul-
taneously and snugly, enabling the insertion of one more
joint fusion mmplants into the SI joint and a joint fixation
device (e.g., a bone screw) 1nto the 1lium and sacrum 1n a
single procedure with a simple tool, without the need to
reposition the surgical tool to msert either the joint fusion
implants or the fixation device. In further embodiments, the
relative angle of orientation of the two working channels
may be a right angle or may be obtuse, depending on the
desired insertion point on the ilium. I a different entry point
for a joint fusion device 1s desired, the relative orientation
angle of the two working channels may be 1n a range of
about 45° to about 180° (e.g., about 90° to about 180°, about
45° to about 135°, about 90° to about 120°, or any value or
range ol values therein). For example, 11 the desired entry
point on the i1ltum 1s more lateral or anterior, the angle of
orientation between the two working channels may be 90° or
greater.

Referring to FIGS. 33-37, a dual working channel expo-
sure device 300 1s shown having a connecting bar 337
connecting a first working channel 339 and a second work-
ing channel 350. The connecting bar 337 may have a bend
or angle 343 between the first and second working channels
339 and 350. In some implementations, and without limiting
the invention, the bend 343 may have an obtuse angle 1n a
range of about 110° to about 160° (e.g., about 135° or any
value therein). In some implementations, and without lim-
iting the mvention, the bend 343 may result in the first and
second working channels being positioned at an acute angle
relative to one another that may be complementary to the
obtuse angle of the bend 343. In alternative implementa-
tions, and without limitation, the connecting bar may have a
lockable joint therein between the first and second working
channels 339 and 350 that may be adjusted to have an angle
in a of about 90° to about 180° (e.g., about 1335° or any value
therein). The angle of the connecting bar 343 1s configured
to accommodate the contour of the pelvis between the 1llum
and the SI joint such that the first working channel 339 can
be engaged with a posterior side of the sacroiliac joint and
the second working channel 350 can be engaged with a
posterior portion of the 1lilum simultaneously.

The connecting bar 337 may also have a second angle
therein, as shown 1n the top perspective of FIG. 35 and the
bottom perspective of FIG. 36. The first and second working
channels 339 and 350 may be position at an angle between
about 3° and about 40° (e.g., about 15°, or any angle
therein). To further illustrate, the bar 343 may be angled
such that the longitudinal axes of the first and second
working channels 339 and 350 may run along different, but
parallel planes. Thus, the working channels 339 and 350 are
positioned at an acute angle relative to one another from a
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side perspective (e.g., FIG. 34), and on parallel planes
relative to each other from top or bottom perspective (e.g.,
FIGS. 35 and 36). The additional angle 1n the connecting bar
343 may aid 1n positioning the second working channel 350
on the 1lium when the first working channel 1s engaged with
the SI joint, such that the second working channel 350 1s
positioned over the 1liac wing, close to the iliac crest. The
position and angle of the second working channel 350 may
allow the insertion of a bone fusion device (e.g., a bone
screw) through the ilium and the sacrum (e.g., the SI1
vertebrae) through the hollow barrel of the second working,
channel 350, such that the bone fusion device does not
traverse the SI joint (e.g., 1t 1s mserted anteriorly to the SI
joint).

Each working channel may have a hollow barrel therein
for passing various surgical tools that have a shape corre-
sponding to (e.g., complementary to) the hollow barrel. The
working channels provide a guide for inserting the various
surgical tools 1into the SI joint and the 1lium, allowing precise
surgical 1ncisions, insertions of fusion implants, bone-
growth promoting material, etc. The working channel posi-
tion over the SI joint may have a hollow barrel having an
oblong or elliptical internal cross-section or other shape for
accommodating fusion implants having one or more lateral
fixation elements, as discussed above. Each of the first and
second working channels 339 and 350 may have one or more
pin guide slots 349 on a side thereof for insertion of fixing
pins to 1mmobilize the exposure device 300 when 1t 1s
engaged with the SI joint and the i1lium. The first and second
working channels may also each have one or more windows
338 1n sides of the hollow barrels allowing the progress of
a tool inserted therein to be observed through the one or

more windows, and allow access to instruments in the
working channels through the windows, similarly to window

138 described above.

Referring to FIG. 37, the hollow barrels of the first and
second working channels 339 and 350 may have a slot 346
(e.g., a timing feature) that arrests the progress of a surgical
implement inserted into the hollow barrel of the channel.
The slot 346 may prevent the surgical implement from
advance too far into the SI joint or the 1ltum and sacrum and
may ensure that surgical tools passed through the hollow
barrels remain properly oriented, with no axial movement,
thereby preventing damage to the tissue of the patient. The
surgical implements used 1n connection with the dual work-
ing channel surgical tool may have a protrusion that is
complementary to the slot 346, such that the slot 1s eflective
in controlling a depth to which the surgical implement can
be 1serted.

The 1nsertable end 342 of the first working channel 339
may have a round or circular geometry that prevents or
reduces damage to the soft and connective tissues in and
around the posterior side of the SI joint. The round or
circular insertable end 342 may also have a tapered or
rounded profile, which may aid in reducing or preventing
damage to the soft and connective tissues around the SI
joint. The second working channel 350 may also have
circular and/or rounded or tapered insertable end 342, as
well. It 1s to be appreciated that the present invention 1s not
limited to working channels having round, circular, oblong
or otherwise rounded ends. The insertable end of the work-
ing channel 339 may also include one or more prongs or
tangs that extend beyond the end of the hollow barrel, as
discussed above. The one or more prongs or tangs may allow
the working channel to be more easily centered in the SI
joint (e.g., with the tangs aligned along the plane between
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the articular surfaces of the SI joint), and may also serve to
help stabilize the position of the working channel 1n the SI
jo1nt.

The first and second working channels may have other
additional features such as handles 340 and slots 341 therein
(e.g., for mserting handle extensions), as well. It 1s to be
appreciated that the above description of the surgical tool
does not limit the present invention, and other features are
contemplated 1n the present invention.

In some embodiments the invention may comprise one or
more separate working channels that may be used in a
similar manner to the dual working channel exposure
device. In reference to FIG. 119, the imnvention may include
first and second working channels 290, which can be 1ndi-
vidually positioned, for example, with one inserted into the
posterior of the SI joint, and another positioned over the 1liac
wing. In such embodiments, the individual working chan-
nels may have the same features described above with
respect to the dual working channel exposure devices
described herein, except for the connecting bar 343 and the
teatures particular thereto.

In some embodiments, the invention may include a kit or
set of surgical implements and one or more joint fusion
implants and joint fixation devices (e.g., surgical screws)
that are associated with one or more of the exposure devices
described above. Various tools may be included 1n such a set,
including a joint cutting instrument (e.g., dilator), guide
pins, guide pin assemblies, a drill, drill bits, a rasp, a box
chisel, an mnserter, and an impactor. Each of such tools may
correspond to the exposure devices described herein. For
example, the joint cutting instrument, the drill bits, the rasp,
the box chisel, the 1nserter, and the impactor each may have
a shape that 1s complementary to a hollow barrel of the
exposure device, allowing each instrument to be inserted
into the hollow barrel flush and in the proper orientation,
without room to deviate from the path of the barrel. Thus, the
working channel of the exposure device may act as precise
guides for the surgical implements described above.

These surgical implements may be made of any suitable
matenal, including medical grade plastics, metals, or alloys.
In some embodiments, and without limitation, the tools are
single use, in other embodiments the tools may be reused
(and autoclaved, cleaned or otherwise suitably disinfected
for further use). The tools may have various configurations,
including those that differ from those depicted and specifi-
cally described herein.

The mmplements may include a joint probe capable of
being used to locate an insertion point 1 an SI joint for a
fusion 1mplant. The joint probe may have a hollow channel
therethrough for inserting a guide wire 1nto the SI joint once
the joint probe 1s properly positioned 1n the nsertion point.

Referring to FIGS. 8-11, the joint probe may have a rounded
tip 111 for locating the insertion point, a shaft 112, and a
handle 110. A hollow channel 113 run through the length of
the joint probe to allow a guide wire to be mserted there-
through and into the SI joint.

The set of tools may also include guide pins for securing
the exposure device to the SI joint and the 1lium. Referring
to FIGS. 11-12, the guide pin 115 may have shaft that
corresponds to the central channel of the joint probe and may
be mnserted 1nto the SI joint through the dilator, to guide tools
and 1mplements subsequently positioned 1n said SI joint.

The set of surgical implements may include a dilator,
which may be any device or structure capable of dilating an
incision made i a human or other amimal. FIGS. 13-19
illustrate an example of a dilator system that may be
included 1n the present invention. Dilator 116 may be made
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of any suitable material and may have any suitable dimen-
s1ons and configuration. In the depicted example, dilator 116
has a distal end 117, a proximal end 118, and a shaft
therebetween. Proximal end 118 may have any configuration
suitable to dilate an opening or incision, for example an
incision made by a pin or wire in the patient’s flesh and
dilate that incision to increase 1ts size. The proximal end 118
may be tapered, coming to a point at 1ts end. The distal end
117 may be faceted, allowing 1t to be engaged with a
grooved end 120 of a T-handle 119. A dilator assembly, an
example of which 1s shown in FIGS. 18 and 19, allows the
dilator to be spun or otherwise manipulated to adjust the size
of an incision. The dilator 116 (and the t-handle 119) may
have a central channel 213 running down 1ts length that may
allow a guide wire or pin to be inserted therethrough nto the
1nC1S101.

Fixing pins 126 and a fixing pin handle 1235, as shown in
FIGS. 22-23, may be included in the set of tools that
correspond to the pin guide slots 139 on sides of the working
channels of the exposure devices. The guide pins may also
have a sharp and/or threaded end 115 for piercing bone and
other tissues. The fixing pins may correspond to the pin
guide holes on sides of the working channels (e.g., pin holes
139, and 349) of the exposure devices described above. The
fixing pins can be used to secure the working channels 1n a
desired position over the SI joint or the 1lium.

A dnill 122, as shown 1n FIGS. 20-21, may be included 1n
the set to allow for bone preparation for fusion implant
insertion. The dnll may have a thread portion 124 with
numerous designs 1n order to provide a hole with the desired
female thread cut 1n the desired anatomy. The drill may also
be designed to be attached to power instruments, a hand drill
or a handle. Without limiting the invention, FIG. 20 an
exemplary drill having a Jacob’s chuck connection 123 so
that 1t may be attached to a powered drll for quick prepa-
ration. Additionally, the drill may have a central channel 124
running down 1ts length that may allow a guide wire or pin
114 to be iserted there through into the 1ncision as seen 1n
FIG. 21.

A chisel 131, as shown 1n FIG. 24, may be included in the
set to provide an opening in the bone with desired dimen-
sions on 1its distal tip 134 to better facilitate entry for the
fusion implant. The distal tip 134 may have a tapered nose
in order to self-distract its way 1n between the sacrum and
ilium. The distal tip 134 may also have cutting edges to dig
into the bone and remove 1t from the surgical site. The chisel
may be used to penetrate the cortical tissue of the sacrum
and 1llum to allow anchoring portions of the joint fusion
implants of the present invention to penetrate the bone tissue
and thereby anchor the fusion implant in the joint. The distal
tip 134 may also have a containment device for removal of
surgical site bone and windows may exist in the containment
device to collect bone debris and remove the bone debris
alter removal from surgical site. The distal tip 134 may be
undersized to a fusion implant to be inserted in order to
ensure full bony contact on all sides of the fusion site. The
chisel may have an outer diameter, as seen 1n FIG. 24, that
matches the inner diameter of a working channel (e.g.,
working channels 239, 339, and 350) to keep the chisel
directed 1n an axial plane for desired implant preparation.
The chisel may have a timing feature 133 that mates with a
female timing feature (e.g., timing feature 146 or 346) on the
inside of a working channel to keep the chisel from plunging
too far into the surgical site and to further keep the chisel in
the proper orientation for desired implant site preparation.

Additionally, a rasp 132, as shown in FIG. 25, may be
included 1n the set to provide an opening in the bone with
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desired dimensions on 1ts distal tip 135 to better prepare the
bone for a fusion site for the fusion implant. The distal tip
135 may have a tapered nose 1n order to self-distract 1ts way
in between the sacrum and i1lium. The distal tip 135 may
have aggressive teeth which can scrape the bone to help
prepare the bone surface for receiving anchoring portions of
joint fusion implants of the present invention. The rasp may
have an outer diameter as seen 1n FIG. 25, that matches the
inner diameter of a working channel (e.g., working channels
239, 339, and 350) to keep the rasp directed 1n an axial plane
for desired implant preparation. The rasp may have a timing
feature 133 that mates with a female timing feature (e.g.,
timing feature 146 or 346) on the inside of a working
channel to keep the imnstrument from traveling too far into the
surgical site and to further keep the instrument in the proper
orientation for desired implant site preparation.

One or more impactors, such as impactor 136 shown 1n
FIG. 26, may be included in the surgical implements, as
well. The impactor may have a cylindrical proximal end, like
a hammer. The impactor may be included in the set to
facilitate secondary impaction and movement of a fusion
implant and, optionally, to advance bone-fusion promoting
materials in the SI joint in front of and/or behind the implant
to better prepare the surgical site and to promote fusion of
the SI joint. The impactor may have an outer diameter, as
seen 1n FIG. 26, that matches the mmner diameter of a
working channel (e.g., working channels 239, 339, and 350)
to keep the instrument directed 1n an axial plane for desired
surgical site preparation.

Inserters for fusion devices may be included 1n the set to
facilitate delivery of implants or grafts into the sacroiliac
joimnt and mto the ilium and sacrum. Without limiting the
invention, FIG. 38 shows an exemplary fusion inserter 147
can be used to deliver a fusion implant of desired materials
such as PEEK, metal or biologic material into the surgical
site. As seen 1n FIG. 38, the inserter may have a thumbwheel
148 that 1s attached to a spring element 150. When thumb-
wheel 148 1s tightened, spring element 150 may be tightened
down onto an fusion implant to keep the implant from
disengaging from the inserter during implantation. Fork
arms 149 may enter recesses on a proximal end of the fusion
implant to keep the implant from losing 1ts desired orienta-
tion during insertion. Upon desired placement of the fusion
implant, thumbwheel 148 may be loosened and the spring
clement 150 detaches from the implant, leaving the implant
in the desired position. Without limiting the invention, FIG.
39 shows an inserter 147 engaged with an exemplary fusion
implant 151. In this example, and without limitation, the
implant 151 has notices on the lateral sides thereof that may
be engaged by the fork arms of inserter 147.

The 1serter 147 may have an outer diameter as seen 1n
FIG. 38, that matches the inner diameter of a working
channel (e.g., working channels 239, 339, and 350) to keep
the inserter directed 1 an axial plane for desired implant
preparation. The mserter may have a timing feature 150 that
mates with a female timing feature (e.g., timing feature 146
or 346) on the inside of a working channel (e.g., working
channels 239, 339, and 350) to keep the instrument from
traveling too far into the surgical site and to further keep the
instrument in the proper orientation for desired implant site
preparation.

Instrument kit of the present mnvention may additionally
include a driver (e.g., a manual or electrically powered
driver, etc.) for inserting joint fixation devices, such as
surgical screws, mto bone tissue 1n the articular surfaces of
the SI joint and/or into the bone tissue of the i1lium and
sacrum without the fusion device traversing the SI joint. For
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example, a bone screw 158 (e.g., a compression screw ) may
passed through a working channel positioned over an i1liac
wing and driven through the 1lium and sacrum with fixation
device driver 125. In other examples, surgical screws 603
and 604 shown 1n FIGS. 59-61 may be 1nserted through a
working channel over the SI joint and passed into fusion
implant 600 at an oblique angle by a special driver having
a universal joint or a flexshaft (not shown) that 1s operable
drive the screws 1nto the articular surfaces of the sacrum and
ilium at oblique angles 1n order to secure the fusion implant
600 1n the SI joint.

The surgical kits of the present invention may also include
one or more of the joint fusion implants disclosed herein,
and a particular kit may include an exposure device having
an 1ternal cross-section that corresponds to a shape of the
one or more joint fusion implants that are included 1n the kat.
The surgical kits may also include one or more joint fixation
devices (e.g., surgical screws) for fixing the i1lium and
sacrum together.

It 1s to be appreciated that additional surgical tools or
implements may be used with the present working channels,
and that the mnvention 1s not limited to use of the implements
described in this section.

Fusion Implants

The present invention also relates to fusion implants that
include fixation element(s) that mechanically secure and
compress the SI joint, and deliver bone-growth promoting
material mto the SI joint to facilitate the formation of a
contiguous piece of bone from the sacrum to the i1lium. The
fusion 1mplants of the present mvention may be applied to
the sacroiliac joint through the novel exposure devices
described herein. The novel posterior exposure devices and
the combined fixation and stability, compression, and fusion
functionalities of the fusion implants of the present inven-
tion may allow for posterior approach that may eliminate the
need for patient repositioning or further incisions, resulting,
in less surgery time, less morbidity, and improved recovery
time for the patient. Thus, the surgical methods and fusion
implants of the present invention allow for a minimally
invasive methodology.

To create fixation, stability, and compression from a
posterior implant 1n the sacroiliac joint, the fusion implants
of the present invention draw together, connect, and hold the
articular surfaces of both the sacrum and ilium together,
while stimulating a fusion of the articular surfaces. The joint
fusion device may create stress and pressure on the bone
tissue by mechanically drawing the bones together, and may
thereby utilize bone remodeling (e.g., as according to
Wolil’s Law) to promote stable and robust bone fusion in the
targeted joint. The various embodiments of the fusion
implants of the present mnvention all contain mechanisms
that connect both the sacrum and the ilium 1ndependently,
while using a body thereot to bridge across the two bones for
a fusion site. Each of the various embodiments of the fusion
implant may include a channel or cavity that may be used to
hold bone-growth stimulating materials 1n the form of
autologous bone, allograit, BMP, etc.

In some embodiments of the fusion implant, and without
limitation, the fusion implant may have one or more helical
anchors for insertion into bone tissue. In such embodiments,
the Tusion implant may also include a channel or cavity for
holding bone growth-enhancing material for promoting
tusion of adjacent bones held together by the fusion implant.
For example, and without limitation, a fusion implant may
include a single helix or multiple helices (e.g., 2 or 3 helices)
that may be concentric and/or interwoven. In some embodi-
ments, and without limitation, the helical path of the helical
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fixation anchors may have a uniform diameter from their
proximal end to the distal end thereof. However, in other
embodiments, and without limitation, the helical path of the
helical fixation anchors may taper outward or inward from
the proximal end to the distal end of the helical path to create
a conical shape to the helical path.

Without limiting the invention, FIGS. 49-51 show an
exemplary fusion implant 400 having two helical anchors.
The implant 400 has a body 401 attached to two helical
anchors 403 and 404, which may be concentric and inter-
woven. Each of the helical anchors 403 and 404 may have
a distal cutting edge 405 that may be operable to penetrate
bone tissue 1n joint targeted for fusion. The distal cutting
edges of each of the helical anchors 403 and 404 may be on
opposite sides of the fusion implant 400 such that as the
implant 1s advanced into the SI joint, the helical anchor 403
engages the 1lium and helical anchor 404 engages the
sacrum. The body 401 of the fusion implant 400 may have
notches or slots 402 in a perimeter thereof that may be
engaged by a fusion implant mserter or driver as described
herein (e.g., by fork arms 149). The implant 400 may have
a outer diameter 1n a range of about 8 mm to about 20 mm
(e.g., about 12 mm to about 18 mm, or any other value or
range of values therein). The implant may be paired with a
exposure device having a hollow barrel with an internal
cross-section that corresponds to the diameter and cross-
sectional shape of the implant.

In other embodiments, and without limitation, the fusion
implant may have a single helix attached to the body of the
fusion 1implant. For example, and without limitation, FIGS.
52-54 1llustrate an exemplary fusion implant 400q that may
include a single helical anchor 403a. The fusion implant
400a has a body 401qa attached to the helical anchor 403aq,
which may have a distal cutting edge 4054 that may be
operable to penetrate bone tissue 1n joint targeted for fusion.
After being inserted into the SI joint the body 401a may be
rotated 1n a range of about 180° to about 360° (e.g. about
2°70°, or any value or range of values therein) such that
helical anchor 403a may engage the articular surfaces of
both the 1llum and the sacrum so that the fusion implant can
compress the bones together and stabilize the SI joint. The
body 401a of the fusion implant 400 may have notches or
slots 402a 1n a perimeter thereof that may be engaged by a
fusion 1implant inserter or driver as described herein (e.g., by
fork arms 149).

The process of inserting and advancing the fusion implant
400 (or 400a, or other related embodiments) may be per-
formed by one or more tools that engage the notches or slots
402 (or 402a). An inserter (e.g., iserter 147) may be used
to mitially place the fusion implant 400 (or 400a, or other
related embodiment) 1 a desired position between the
sacrum and 1llum, and the inserter may be subsequently
rotated to engage the helical anchors with the bone tissue of
the articular surfaces of the sacrum and 1ltum. For example,
and without limitation, a driving tool may be attached to the
inserter to aid 1n rotating the inserter. As the fusion implant
1s rotated, the sacrum and ilium bones may be pulled
towards each other and the sacroiliac joint may be com-
pressed and stabilized. Cutting edges 405 may be pierce the
bone tissue (e.g., cortical and/or cancellous/spongy bone
tissue) of the sacrum and 1lium. As shown 1n FIGS. 49-50,
but without limitation, the cutting edges 405 of the helical
anchors 403 and 404 are aligned with the notches 402 for
receiving the inserter tool. This alignment may be included
in order to position the cutting edges 1n a precise position
within the joint. For example, the alignment allows the
surgeon to control insertion of the cutting edges such that the
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cutting edge of one of the helical anchors 1s positioned at the
targeted articular surface of the sacrum and the cutting edge
of the other helical anchor i1s positioned at the targeted
articular surface of the ilium. In such implementations, the
position of the cutting edges can be controlled by the
aligning the inserter with the plane of the joint (the plane
between the articular surfaces), and thereby placing the
cutting edges 1n close proximity to the targeted articular
surfaces such that they engage and penetrate the articular
surfaces 1immediately upon rotation of the inserter. Other
embodiments of the fusion implant (e.g., those having a
single helical anchor, or flukes, claws, etc.) may also be
inserted such that the portion of the fusion implant for
engaged with the bone tissue 1s positioned adjacent to the
targeted articular surface when inserted into the joint and
prior to rotation of the implant.

In some implementations, and without limitation, surgical
tools (e.g., a drill, chisel, rasp, etc.) may be used to remove
cortical tissue from the targeted articular surfaces of the
sacrum and 1lium to prepare (“prep”’) the articular surfaces
for engagement with the fusion implant before the fusion
implant 1s 1inserted into the joint, allowing the helical
anchors of the fusion implant to more easily pierce the bone
tissue of the sacrum and ilium. In such implementations, and
without limitation, the fusion implant may be 1nserted 1nto
the joint such that the cutting edges of the fusion implant
may be aligned with and adjacent to the prepped articular
surfaces.

In some 1mplementations, and without limitation, the
fusion 1mplant may include a cannulated channel or cavity
that allows for the addition of bone growth-stimulating
materials into the targeted joint. For example, and without
limitation, the fusion implant 400 (or 400a, or other related
embodiment) may include a cannulated channel (e.g., 406)
running from a central hole 1n the proximal end of body
(e.g.,401) through the one or more helical anchors (e.g., 403
and 404) to the distal end(s) of the one or more helical
anchors (e.g., 403 and 404). The cannulated channel may be
packed with bone growth-stimulating materials (e.g., autolo-
gous bone, allograit, BMP, etc.) to stimulate bone growth
across the fusion implant and the joint that may lead to
fusion of the sacrum and 1lium. Without limiting the inven-
tion, the bone growth-stimulating materials may be mserted
into the channel through a proximal hole 1n the body after
the fusion 1implant 1s set 1nto desired operative position. In
other implementations, the bone growth-stimulating mate-
rials may be present in the channel prior to insertion of the
fusion 1mplant into the SI joint.

As an example, and without limitation, FIG. 50 provides
a side view of the fusion implant 400 1n which the length of
the cannulated channel 406 can be seen runming from the
proximal hole in the body 401 to the distal ends of the helical
anchors 403 and 404. FIG. 51 provides a bottom view of the
implant 400 and shows the complete cannulated channel 406
and the concentric and interwoven pattern of the helical
anchors 403 and 404. However, 1t should be understood that
the present invention 1s not limited to the particular arrange-
ment of the exemplary helical anchors 403 and 404 1n FIGS.
49-51. For example, and without limitation, FIG. 53 pro-
vides a side view of fusion implant 400a 1n which the length
of cannulated channel 406a can be seen running from a
proximal hole 1n the body 401 to the distal end of the helical
anchor 403a. FIG. 54 provides a bottom view of fusion
implant 400a showing the complete cannulated channel
406a.

FIG. 55 displays the fusion implant 400 1n 1ts desired
operative position 1n the sacroiliac joint 102, where helical
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anchors 403 1s engaged with the 1lium 200 and anchor 404
1s engaged with the sacrum 101. The implant may create
stability and fixation across the joint, compression 1n the
jomt, and bone growth-promoting material can be added to
the cannulated channel 406 to aid in fusion of the sacrum
and 1llum at the site of the fusion implant. It 1s to be
understood that other related embodiments (e.g., fusion
implant 400a) may be placed 1n the joint 1n the same manner.
It 1s also to be understood that multiple fusion implants may
be placed into the sacroiliac joint from the posterior
approach. For example, and without limitation, the double-

barreled exposure device 295 shown in FIGS. 118-119,

which has two side by side (e.g., parallel) working channels
may be used to introduce two fusion implants into the SI
jo1nt.

In other embodiments of the fusion implant, and without
limitation, the fusion implant may have a central body with
flukes, claws, hooks, or other bone engaging structures
attached thereto. Additionally, the central body may have a
channel or cavity in which bone growth-enhancing materials
may be included. Without limiting the invention, FIGS.
56-57 show an exemplary embodiment of a fusion implant
500 having lateral flukes 503 and 504 for engaging with the
targeted articular surfaces of the SI joint. Each of the lateral
flukes 503 and 504 may have a distal hooking ends 505 that
may be operable to penetrate bone tissue 1n joint targeted for
fusion. The distal cutting edges of each of the lateral flukes
503 and 504 may be on opposite sides of the fusion implant
500 such that as the fusion implant 1s advanced 1nto the SI
joint, the lateral fluke 503 engages the 1lium and lateral fluke
504 engages the sacrum. The proximal end of the body 501
of the fusion implant 500 may have notches or slots 302 1n
a perimeter thereof that may be engaged by a fusion implant
inserter or driver as described herein (e.g., by fork arms
149). The notches or slots 502 may allow the inserter to turn
the fusion implant 500 (e.g., 1n a clockwise direction) to
allow for the lateral flukes 503 and 504 to pull the sacrum
and 1llum towards each other, creating compression. The
implant 500 may have a minimum (smallest) outer diameter
in a range of about 8 mm to about 20 mm (e.g., about 12 mm
to about 18 mm, or any other value or range of values
therein), and a maximum (largest) outer diameter in a range
of about of about 12 mm to about 40 mm (e.g., about 15 mm
to about 30 mm, or any other value or range of values
therein). The implant may be paired with an exposure device
having a hollow barrel with an internal cross-section that
corresponds to the outer diameters and cross-sectional shape
of the implant.

The fusion implant 500 may include a cannulated channel
or cavity 506 that allows for the addition of bone growth-
stimulating materials mto the targeted joint. For example,
and without limitation, the fusion mmplant 500 includes
cannulated channel 506 running from a central hole 1n the
proximal end of body 501 a distal hole 508 in the body 501.
The cannulated channel 506 may be packed with bone
growth-stimulating materials (e.g., autologous bone,
allogratt, BMP, etc.) to stimulate bone growth across the
fusion 1mplant and the joint that may lead to fusion of the
sacrum and 1lium. The body 501 may have a number of
tenestrations 507 therein to allow for lateral bone growth
through the implant, which may result 1n a stable fusion site
between the sacrum and 1ltum. Without limiting the iven-
tion, the bone growth-stimulating materials may be mserted
into the channel 506 through the proximal hole in the body
501 after the fusion implant 5300 1s set into desired operative
position. In other implementations, the bone growth-stimu-
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lating materials may be present in the channel 506 prior to
insertion of the fusion implant 500 into the SI joint.

The process of inserting and advancing the fusion implant
500 may be performed by one or more tools that engage the
notches or slots 502. An 1nserter (e.g., inserter 147) may be
used to 1mmtially place the fusion implant 500 in a desired
position between the sacrum and 1llum. Without limiting the
invention, FIG. 54 shows the fusion implant 500 having a
self-distracting bullet nose 509. The bullet nose may have a
round geometry and/or a tapered rounded profile that 1s
operable to distract the SI joint with minimal damage to soft
and connective tissue 1 and around the posterior side of the
SI joint. The bullet nose 509 may facilitate entry into the
sacroiliac joint prior to the lateral flukes 503 and 504 being
rotated into place 1n the sacrum and ilitum. The sloped bullet
nose 509 and the inserter may be subsequently rotated to
engage the lateral flukes 503 and 504 with the bone tissue of
the articular surfaces of the sacrum and 1lium. As the fusion
implant 500 1s rotated, the sacrum and 1lium bones may be
pulled towards each other and the sacroiliac joint may be
compressed and stabilized. Hooking ends 5035 may pierce
the bone tissue (e.g., cortical and/or cancellous/spongy bone
tissue) of the sacrum and 1lium. As shown 1n FIGS. 56-57,
but without limitation, the lateral flukes 503 and 504 may be
aligned with the notches 502 for receiving the inserter tool.
This alignment may be included in order to position the
cutting edges 1n a precise position within the joint (e.g., with
the lateral flukes aligned with the plane of the joint between
the articular surfaces such that the hooking ends are posi-
tioned at the targeted articular surfaces).

As discussed above, and without limiting the invention,
the working channel through which the implant 1s passed
into the SI joint may have an oblong cross-sectional shape
or slots running along 1ts length for accommodating the
lateral flukes of the implant. For example, and without
limitation, the channel may have a hollow barrel with slots
may be separated by about 180° along the length of the
working channel and may have a shape that can accommo-
date the shape of the lateral tlukes (e.g., a generally rectan-
gular shape that i1s suiliciently large to accommodate the
shape of the lateral flukes).

FIG. 58 displays the implant 500 1n a desired operative
position 1n the sacroiliac joint 102, where lateral fluke 503
1s engaged with the 1llum 200 and lateral fluke 3504 1is
engaged with the sacrum 101. The implant may create
stability and fixation across the joint, compression 1n the
joint, and bone growth-promoting material can be added to
the cannulated channel 506 to aid in fusion of the sacrum
and 1lium at the site of the fusion implant.

In other embodiments of the fusion implant, and without
limitation, the fusion implant may have a box-like open
body having holes therein for receiving one or more surgical
screws for attaching the fusion implant to the sacrum and/or
ilium. Without limiting the invention, FIGS. 59-61 show an
exemplary embodiment of a fusion implant 600 having a
box-like body 601 having holes 602a and 6025 1n a proximal
end thereof for recerving surgical screws 603 and 604 for
engaging with the targeted articular surfaces of the SI joint
and holding the fusion implant 600 in place within the SI
joint. The body 601 may be designed such that a central
plane of the body 601 bisecting the proximal end of the body
601 and bisecting screw holes 602a and 60256 may be
roughly aligned with the plane of the SI joint between the
articular surfaces when the fusion implant 1s mserted into the
SI joint. The box-like geometry of the fusion implant 600
may resist torsional stress applied by movement of the SI
joint. The implant 600 may have a minimum (smallest) outer
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diameter 1n a range of about 8 mm to about 20 mm (e.g.,
about 12 mm to about 18 mm, or any other value or range
of values therein), and a maximum (largest) outer diameter
in a range of about of about 12 mm to about 40 mm (e.g.,
about 15 mm to about 30 mm, or any other value or range
of values therein). The implant may be paired with an
exposure device having a hollow barrel with an internal
cross-section that corresponds to the outer diameters and
cross-sectional shape of the implant.

The screw holes 602a and 60256 may be angled obliquely
with respect to the central plane of the body 601. For
example, and without limitation, hole 602 may run
obliquely toward a first lateral side of the central plane, and
hole 6025 may run obliquely toward a second (and opposite)
lateral side of the central plane. This arrangement allows the
surgical screw 603 1inserted through screw hole 602a to
engage one of the bones in the SI joint (e.g., the sacrum) and
the surgical screw 604 inserted through screw hole 6025 to
engage with the other bone 1n the SI joint (e.g., the 1lium).

Without limiting the invention, the surgical screws 603
and 604 may be self-drilling screws that can penetrate the
bone tissue (e.g., cortical and/or cancellous/spongy bone
tissue) of the articular surface. The articular surfaces of the
sacrum and/or the 1lium may be prepared for the insertion of
the surgical screws by removing cortical tissue at the nser-
tion point for the screws or pre-drilling holes for the screws;
in such embodiments, seli-drilling screws may or may not be
utilized. In some 1implementations, the surgical screws may
be doubled threaded screws that create compression of the
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they are advanced into the bone tissue. The screws may be
driven into the bone tissue of the i1lium and sacrum by a
driving device passed through the working channel posi-
tioned over the SI joint, where the driving device has a
umversal joint or flex shait (not shown) that allows 1t to
drive the screws 1nto the 1lium and sacrum at oblique angles.

The open body 601 of the implant 600 may have a cavity
in which bone growth-enhancing materials may be included.
The fusion implant 600 may have an open design, where
there are no sidewalls closing off the cavity 606 to the
articular surfaces of the sacrum and ilium so that bone
growth stimulating material that may be placed within the
cavity 606 may be 1n contact with the articular surfaces of
the sacrum and 1lium within the joint to allow fusion growth
across the SI joint. FIG. 61 shows a side view of the fusion
implant 600, 1n which it can be seen that the fusion implant
600 may have a cavity 606 that 1s completely open on the
lateral sides with no sidewalls to obstruct contact between
bone growth-stimulating materials 1n the cavity 606 and the
articular surfaces of the sacrum and 1lium. As shown 1n FIG.
60, the fusion implant 600 may further include opemings 607
along the outer wall of the fusion implant to allow further
access to the bone growth-stimulating material 1n the cavity
606.

The process of mserting and advancing the fusion implant
600 may be performed by one or more tools that advance the
implant through a working channel, as described herein. An
inserter (€.g., inserter 147) may be used to 1nitially place the
fusion 1mplant 1n a desired position between the sacrum and
illum. In some embodiments, and without limitation, the
fusion implant may include slots or notches on the proximal
end thereol (not shown), which the inserter can engage. In
other embodiments, and without limitation, the 1nserter may
engage the lateral edges of the proximal end of the fusion
implant. Once the fusion implant 600 1s placed in the
targeted position in the SI joint, the surgical screws 603 and

604 may be advanced through screw holes 602a and 6025,
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respectively. As the surgical screws 603 and 604 are
advanced 1nto the bone tissue of the sacrum and 1lium, the
sacrum and 1lium bones may be pulled towards each other
and the sacroiliac joint may be compressed and stabilized.
The surgical screws 603 and 604 may pierce the bone tissue
(e.g., cortical and/or cancellous/spongy bone tissue) of the
sacrum and 1lium.

As discussed above, and without limiting the invention,
the working channel through which the implant 1s passed
into the SI joint may have an oblong cross-sectional shape
or slots running along 1ts length for accommodating the
width of the fusion implant 600. For example, and without
limitation, the working channel may have a hollow barrel
having slots may be separated by about 180° along the
length of the working channel and may have a shape that
may accommodate the shape of the body of the fusion
implant.

FIG. 62 displays the implant 600 1n a desired operative
position in the sacroiliac joint 102, where surgical screw 603
may be engaged with the ilium 200 and surgical screw 604
may be engaged with the sacrum 101. The implant may
create stability and fixation across the joint, compression 1n
the joint, and bone growth-promoting material can be added
to the cavity 606 to aid in fusion of the sacrum and ilium at
the site of the fusion implant.

In other embodiments of the fusion implant, and without
limitation, the fusion implant may have a box-like central
body having laterally extending blades for engaging the
sacrum and/or 1lium. Without limiting the invention, FIGS.
63-64 show an exemplary embodiments of a fusion implant
700 having a box-like body 701 having laterally extending
blades 703 and 704 for engaging with the targeted articular
surfaces of the SI joint and holding the fusion implant 700
in place within the SI joint. The body 701 may be designed
such that a central plane of the body 701 bisecting the
proximal end of the body 701 may be roughly parallel or
aligned with the plane of the SI joint between the articular
surfaces when the fusion implant 700 1s 1nserted into the SI
joint. The box-like geometry of the fusion implant 700 may
resist torsional stress applied by movement of the SI joint.
The mmplant 700 may have a minimum (smallest) outer
diameter 1n a range of about 8 mm to about 20 mm (e.g.,
about 12 mm to about 18 mm, or any other value or range
of values therein), and a maximum (largest) outer diameter
in a range ol about of about 12 mm to about 40 mm (e.g.,
about 15 mm to about 30 mm, or any other value or range
of values therein). The implant may be paired with an
exposure device having a hollow barrel with an internal
cross-section that corresponds to the outer diameters and
cross-sectional shape of the implant.

The lateral blades 703 and 704 may be angled obliquely
with respect to the central plane of the body 701. For
example, and without limitation, blade 703 may run
obliquely toward a first lateral side of the central plane, and
blade 704 may run obliquely toward a second (and opposite)
lateral side of the central plane. This arrangement allows the
blade 703 to engage one of the bones 1n the SI joint (e.g., the
sacrum) and the blade 704 to engage with the other bone 1n
the SI joint (e.g., the 1llum). The lateral blades may be
separately formed or integral to the fusion implant 700. The
lateral blades may have an outer edge 705 for engagement
with the bone tissue of the sacrum or i1lium. The outer edge
may have varying geometry to facilitate entry into and
compression of the sacrum and 1lium. In some 1mplemen-
tations, and without limitation, the outer edges of the lateral
blades may have a sharp cutting edge which can penetrate
the bone tissue. In some implementations, and without
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limitation, the outer edges may be serrated (e.g., with one or
more kinds of teeth, such as triangular teeth, hook teeth,
crown teeth, etc.). The outer edge may facilitate penetration
ol the lateral blades into the bone tissue (e.g., cortical and/or
cancellous/spongy bone tissue) of the articular surfaces of
the 1llum and sacrum when the fusion implant 1s advanced
into the SI joint. In some implementations, and without
limitation, the articular surfaces of the sacrum and/or the
1lium may be prepared for the insertion of the lateral blades
by removing cortical tissue at the insertion point.

The body 701 of the implant 700 may have a cavity 706
in which bone growth-enhancing materials may be included.
The fusion implant 700 may have an open design, where
there are no sidewalls closing off the cavity 706 to the
articular surfaces of the sacrum and ilium so that bone
growth stimulating material that may be placed within the
cavity 706 may be in contact with the articular surfaces of
the sacrum and 1lium within the joint to allow fusion growth
across the SI joint. As shown 1n FIG. 64, the fusion implant
700 may further include openings 707 along the outer wall
of the fusion implant to allow further access to the bone
growth-stimulating material 1n the cavity 706. The fusion
implant 700 may 1nclude a central hole 708 1n the proximal
end of the body 701. The central hole 708 may allow for
access 1nto the cavity 706, allowing the bone growth-
stimulating materials to be inserted into the cavity 706 either
before or after the fusion implant 700 1s set into desired
operative position in the SI joint. In some implementations,
the bone growth-stimulating materials may be present in the
cavity 706 prior to insertion of the fusion implant 700 into
the SI joint. The design of fusion implant 700 (and other
related embodiments) allows for bone graft to be placed
pre-operatively as the cavity 706 1s not obscured by the
lateral blades (bone anchoring mechanism).

The process of inserting and advancing the fusion implant
700 may be performed by one or more tools that advance the
implant through a working channel, as described herein. An
inserter (e.g., iserter 147) may be used to mitially place the
fusion 1mplant 1n a desired position between the sacrum and
illum. In some embodiments, and without limitation, the
fusion 1mplant may include slots or notches on the proximal
end thereof (not shown), which the inserter can engage. In
other embodiments, and without limitation, the inserter may
engage the lateral edges of the proximal end of the fusion
implant. The fusion implant 700 may be drive 1into place 1n
the targeted position in the SI joint by the inserter. As the
fusion 1implant 700 1s advanced nto the SI joint, the lateral
blades 703 and 704 are driven into and penetrate the bone
tissue of the sacrum and 1lium, and the blades 703 and 704
may act to draw 1n the sacrum and iltum bones and the
sacroiliac joint may be compressed and stabilized. The
lateral blades 703 and 704 may pierce the bone tissue (e.g.,
cortical and/or cancellous/spongy bone tissue) of the sacrum
and 1lium as the fusion implant 1s driven into the SI joint. In
other implementations, and without limitation, the inserter
may be used to place the tusion implant 700 at the SI joint,
and subsequently an impactor or other driving tool may be
used to drive the fusion implant 700 into the bone tissue and
into position in the SI joint.

As discussed above, and without limiting the invention,
the working channel through which the implant 1s passed
into the SI joint may have a hollow barrel having an oblong
interior cross-sectional shape or slots running along 1its
length for accommodating the width of the fusion implant
700 and the lateral blades 703 and 704. For example, and
without limitation, a first set of slots may be separated by
about 180° along the length of the working channel and may
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have a shape that 1s complementary to or large enough
accommodate the shape of the fusion implant, and a second
set of slots may be separated by about 180° along the length
of the working channel and may have a shape may accom-
modate the shape of the lateral blades.

FIGS. 65-66 show a fusion implant 700q that 1s similar to
implant 700 1n shape, size, and function, but the blades 703a
and 703b of implant 700a are detachable from the implant.

As shown 1n FIG. 65, the lateral blades 703a and 7034 are
inserted 1nto slots 710a and 71056 1n the distal portion of the
body 701a, respectively. This fusion implant embodiment
allows for the body 701« to be inserted 1nto the SI joint prior
to the 1nsertion of the blades 703a and 70356 1nto the body
701a. This may allow the implant 700a to be mserted into
the SI joint and the blades to be subsequently 1nserted into
the slots 710a and 71056 and engaged with the bone tissue of
the 1llum and sacrum without the need for a specially shaped
(e.g., oblong or slotted) working channel. The blades 703a

and 7036 may be passed through the working channel and
into slots 710a and 71056 after the body 701a has been
positioned 1n the SI joint. An inserter and/or impactor or
other tools may be used to insert the blades 703a and 7035
into the slots 710aq and 7105 and 1nto the bone tissue of the
1lilum and sacrum.

As shown i FIG. 66, the blades of implant 700a may
include pressure clips 711 that engage with slots 710a and
7100 when the blades are inserted into the slots. The
pressure clips may lock the blades into the slots to help
stabilize the fusion 1implant.

FI1G. 67 displays the implant 700 (or implant 700q) 1n a
desired operative position 1n the sacroiliac joint 102, where
lateral blade 703 1s engaged with the 1lium 200 and lateral
blade 704 1s engaged with the sacrum 101. The implant may
create stability and fixation across the joint, compression 1n
the joint, and bone growth-promoting material can be added
to the cavity 706 to aid in fusion of the sacrum and ilium at
the site of the fusion implant.

In other embodiments of the fusion implant, and without
limitation, the fusion implant may have a box-like central
body having a rotatable central axle with lateral flukes
thereon for engaging the sacrum and/or i1ltum as the central
axle 1s rotated. Without limiting the imnvention, FIGS. 68-69
show an exemplary embodiment of a fusion implant 800
having a box-like open body 801 having a central axel 805
to which two flukes 803 and 804 are attached for engaging
with the targeted articular surfaces of the SI joint and
holding the fusion implant 800 1n place within the SI joint.
The flukes 803 and 804 may engage with the articular
surfaces of the sacrum and ilium, respectively, when the
central axis 1s rotated. The body 801 may be designed such
that a central plane of the body 801 bisecting the proximal
end of the body 801 may be roughly parallel to or aligned
with the plane of the SI joint between the articular surfaces
when the fusion implant 800 1s 1nserted into the SI joint. The
box-like geometry of the fusion implant 800 may resist
torsional stress applied by movement of the SI joint. The
implant 800 may have a minimum (smallest) outer diameter
in a range of about 8 mm to about 20 mm (e.g., about 12 mm
to about 18 mm, or any other value or range of values
therein), and a maximum (largest) outer diameter 1n a range
of about of about 12 mm to about 40 mm (e.g., about 15 mm
to about 30 mm, or any other value or range of values
therein). The implant may be paired with an exposure device
having a hollow barrel with an internal cross-section that
corresponds to the outer diameters and cross-sectional shape
of the implant.
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Without limiting the invention, the flukes 803 and 804
may extend out laterally from central rotating axis 805 at
about 180° from each other. This arrangement allows the
fluke 803 to engage one of the bones 1n the SI joint (e.g., the
sacrum) and the fluke 804 to engage with the other bone 1n
the SI joint (e.g., the 1ltum) as the central axle 805 1s rotated.
In other implementations, and without limitation, the flukes
may have other relative positions on the central axle. In still
other implementations, and without limitation, the fusion
implant may have more than two flukes attached to the
central axis that may be arranged in various positions on the
central rotating axle. Without limiting the invention, the
curvature of all of the flukes extending from the central axle
may be oriented in either a clockwise or counterclockwise
fashion when viewing the fusion implant from the proximal
end of the body (e.g., like the perspective of FIG. 69). The
consistent orientation of all of the flukes allows all of the
hooks to engage (hook 1nto) the tissue in the SI joint as the
central axle 1s rotated. In other implementations, and without
limitation, one or more of the flukes on the central axle may
be obliquely oriented, which may provide additional bite
and purchase 1nto the bone tissue. The hooking edge of the
hooks may have varying geometry to facilitate entry into and
compression of the sacrum and 1lium. In some implemen-
tations, and without limitation, the hooking edges of the
flukes may have a sharp cutting edge which can penetrate the
bone tissue. In some implementations, and without limita-
tion, the hooking edges may be serrated (e.g., with one or
more kinds of teeth, such as triangular teeth, hook teeth,
crown teeth, etc.). The hooking edges may facilitate pen-
ctration of the flukes into the bone tissue (e.g., cortical
and/or cancellous/spongy bone tissue) of the articular sur-
faces of the illum and sacrum when the central axle 1is
rotated. In some implementations, and without limitation,
the articular surfaces of the sacrum and/or the 1lium may be
prepared for the insertion of the surgical screws by removing,
cortical tissue at the 1nsertion point.

The body 801 of the implant 800 may have a cavity 806
through which the central axle 805 passes. The central axle
may rotatably attach to both the proximal and distal ends of
the body 801, such that the central axle 805 may be rotated
once the fusion implant 1s mnserted into the SI joint. The
central axle 805 may be rotatable in either the clockwise
and/or the counterclockwise direction (e.g., from the per-
spective of FIG. 69). In some implementations, and without
limitation, the central axle 805 may be rotatable in only one
direction, that being the direction that allows the hooks to
bite 1into the bone tissue 1n the SI joint. The one-directional
implementation may prevent the hooks from rotating and
slipping out of the bone tissue, once they have been rotated
and inserted 1nto the bone tissue 1n the SI joint.

The cavity 806 may have an open design into which bone
growth-enhancing materials may be mserted. The body 801
may have no sidewalls closing off the cavity 806 to the
articular surfaces of the sacrum and ilium so that bone
growth stimulating material that may be placed within the
cavity 806 may be 1n contact with the articular surfaces of
the sacrum and 1lium within the joint to allow fusion growth
across the SI joint. As shown 1n FIG. 68, the fusion implant
800 may further include openings 807 along the outer wall
of the fusion implant 800 to allow further access to the bone
growth-stimulating material 1n the cavity 806.

The process of inserting and advancing the fusion implant
800 may be performed by one or more tools that advance the
implant through a working channel, as described herein. An
inserter (e.g., iserter 147) may be used to mitially place the
fusion 1mplant 1n a desired position between the sacrum and
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illum. In some embodiments, and without limitation, the
fusion implant may include slots or notches on the proximal
end thereol (not shown), which the inserter can engage. In
other embodiments, and without limitation, the inserter may
engage the lateral edges of the proximal end of the fusion
implant. Subsequently, a driving tool may be engaged with
a central hole 802 in the proximal end of the body 801,
which may be “keyed” with teeth or other structures that can
be engaged by the driving tool. The driving tool may be
operable to rotate the central axle 805 once 1t 1s engaged
with the central hole 802, thereby driving the flukes 803 and
804 into the bone tissue in the articular surfaces of the
sacrum and 1lium.

In some embodiments, and without limitation, the inserter
may have a head that has a complementary shape to the
central hole 802, allowing the inserter to engage the with the
central hole 802 prior to insertion. The ring structure around
the central hole 802 may be connected with or integral to the
central axle 8035, allowing central axle to be rotated by the
inserter. For example, and without limitation, the inserter
can be used to 1nsert the fusion implant into the SI joint, and
then the head of the 1nserter may be rotated in order to rotate
the central axle of the fusion implant, thereby engaging the
hooks with the bone tissue 1n the articular surfaces of the
sacrum and ilium.

As discussed above, and without limiting the mnvention,
the working channel through which the implant 1s passed
into the SI joint may have a hollow barrel having an oblong
internal cross-section or slots running along its length for
accommodating the width of the fusion implant 800 and the
lateral flukes 803 and 804.

The central hole 802 may also allow for access 1nto the
cavity 806, such that bone growth-stimulating materials may
be 1nserted into the cavity 806 after the fusion implant 800
1s set into desired operative position in the SI joint. In some
implementations, and without limitation, the bone growth-
stimulating materials may be present 1n the cavity 806 prior
to sertion of the fusion implant 800 1nto the SI joint. The
design of fusion implant 800 (and other related embodi-
ments) allows for bone gratt to be placed pre-operatively as
the cavity 806 1s not obscured by the central axle and hooks
(bone anchoring mechanism).

FIG. 71 displays the implant 800 1n a desired operative
position 1n the sacroiliac joint 102, where the fluke 803 1s
engaged with the 1lium 200 and fluke 804 1s engaged with
the sacrum 101. The implant may create stability and
fixation across the joint, compression 1n the joint, and bone
growth-promoting material can be added to the cavity 806 to
aid 1n fusion of the sacrum and 1lium at the site of the fusion
implant.

Surgical Methods

In some embodiments, the methods of the present inven-
tion substantially fuse the SI joint, such that movement in
the joint 1s minimized or substantially eliminated, thereby
diminishing or substantially eliminating the patient’s pain
and discomfort. More specifically, an improved, combined
approach for both mechanical holding and surgical fusion
through a novel exposure device 1s described herein. Spe-
cifically, with respect to some embodiments, an approach 1s
described to address the SI joint through a posterior
approach. In some embodiments, and without limitation, the
surgical fusion of the sacrum and an 1lium may be accom-
plished with a posteriorly inserted fusion implant device
alone. In other embodiments, and without limitation, surgi-
cal fusion may be accomplished with the delivery of both (1)
a Tusion implant device into the SI joint, and (2) a separate
fixation device which can be in the form of a screw, or the
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like. The fusion may be delivered to the SI joint, placed
between the sacrum and 1lium, while the fixation device may
be delivered through the iliac wing, near the 1liac crest, into
the sacrum while not entering or passing through the SI
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In some embodiments, and without limitation, the method
may 1nvolve the posterior insertion of a fusion implant,
including the steps of creating an incision proximal to the
patient’s SI joint, dilating the incision, engaging a novel
exposure device as described herein with the incision, cre-
ating a void in the SI joint, and 1nserting the fusion implant
into the void such that 1t engages with the articular surfaces
of the sacrum and 1lium.

Some embodiments, without limitation, include some or
all of the following steps, preparing the patient for surgery
(e.g., positioning the patient 1n a prone position to provide
the surgeon access to the SI joint, general or local anesthesia,
and the like), locating the SI joint and an incision point for
access to the SI jomnt (e.g., by blunt finger palpation),
insertion of a pin or wire to create an incision, insertion of
a dilator over the pin and impacting the dilator to dilate the
incision to a width through which instruments may be
passed, mserting a working channel of a novel exposure
device over the dilator, securing the working channel 1n
position with fixing pins, removing the dilator, 1nsert1ng a
dr1ll bit apparatus through the working channel, using the
dr1ll bit apparatus 1n the working channel to displace bone 1n
the SI joint thereby creating a void, removing the drill bit
apparatus, loading a fusion implant onto an inserter and
inserting the fusion implant and inserter mnto the working
channel until the implant 1s positioned proximal to the void
in the patient’s SI joint, mserting an impactor into the first
working channel and applying force to displace the implant
into the void 1n the patient’s SI joint, removing all 1nstru-
ments, and closing the incision.

In some embodiments, and without limitation, the method
may involve the posterior insertion a fusion implant and the
isertion a separate fixation device through the ilium and
sacrum, including the steps of creating an incision proximal
to the patient’s SI joint, creating an incision over 1l1ac wing,
dilating the 1ncisions, engaging a novel exposure device as
described herein with both incisions, creating a void in the
SI joint, 1nserting a fusion implant into the void, dnlling a
hole through the 1lilum and the S1 vertebra of the sacrum, and
iserting a joint fusing device 1n the i1lium and sacrum. The
fixation device may be inserted through the 1liac wing, near
the 1liac crest, into the sacrum while not entering or passing
through the SI joint.

Other embodiments, without limitation, include some or
all of the following steps, preparing the patient for surgery
(e.g., positioning the patient 1n a prone position to provide
the surgeon access to the SI joint, general or local anesthesia,
and the like), making a small incision over the top of the 1liac
wing from a posterior approach, locating the SI joint and an
incision point for access to the SI joint (e.g., by blunt finger
palpation), 1nsertion of a pin or wire to create an 1ncision,
insertion of a dilator over the pin and impacting the dilator
to dilate the incision to a width through which instruments
may be passed, inserting a first working channel of a
double-barreled, double-angled exposure device over the
dilator and inserting a second working channel of said
exposure device 1n the incision over the 1liac wing, securing
the first and second working channels in position with fixing
pins, removing the dilator, mnserting a drill bit apparatus
through each of the first and second work channels, using the
drill bit apparatus in the first working channel to displace
bone 1n the SI joint thereby creating a void, using the drill
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bit apparatus (or a second drill bit apparatus) in the second
working channel to dnll a hole 1n the 1liac crest and the S1
vertebra of the sacrum, removing the drll bit apparatus,
loading an implant (e.g., a grait) onto an inserter and
inserting the implant and inserter into the first working
channel until the implant 1s positioned proximal to the void
in the patient’s SI joint, mserting an impactor into the first
working channel and applying force to displace the implant
into the void 1n the patient’s SI joint, mnserting a joint fusion
device coupled to a fusion device inserter into the second
working channel and implanting said joint fusion device in
the hole in the i1liac crest and the sacrum, removing all
istruments, and closing the incisions.

Some embodiments include the use of embodiments of
the tools or tool sets of the present invention, as described
above. Other embodiments of the methods of the present
imvention are performed without using the tools of the
present invention. The methods of the present invention may
be performed 1n addition to or 1n conjunction with one or
more of the known methods. Embodiments of the methods
ol the present invention (and tools of the present invention)
are now further described with reference to the Figures.
Although the methods are described with respect to the use
of certain tools, other tools with different structures may be
used and still be within the scope of the present invention.

FIGS. 72-99 illustrate a surgical procedure for fusing an
SI joint with both a fusion implant inserted 1n the SI joint and
a joint fixation device (e.g., a bone screw). The procedure
includes positioning a patient 1n the prone position and
administering either a local or general anesthetic. Blunt
finger palpation may be used to locate the patient’s iliac
wing and the SI joint. As shown 1n FIG. 72, the SI joint 102
1s located between the 1liac wing 100 and the sacrum 101 at
the base of the pelvis. The SI joint 1s fully enclosed between
the 1liac wing 100 and the sacrum 101 and occluded for
direct visualization by the i1liac wing 100. Additionally, the
iliac crest 200, the posterior 1liac spines, and the pedicle 104
of vertebrae 51 can be observed in this view. The 1liac crest
200 may provide a posterior landmark for the entry point of
the exposure device of the present invention at the posterior
iliac crest, and can be palpated to find the general location
of the SI jomnt. Alternatively, suitable locations for an
incision may be determined by imaging methods (e.g.,
X-ray), or any other suitable method.

As 1llustrated 1n FIG. 73-74, and without limitation, a
joint probe 112 may be used to 1dentity the 1nsertion area on
the posterior side of the SI joint. The area of the SI joint may
be probed until the rounded geometry of the joint probe 112
finds or drops 1nto the proper position 1n the SI joint, where
an 1ncision may be properly made. Subsequently, a guide pin
114 may be inserted through a central channel 1n the joint
probe 112 and into the patient to create an incision in the SI
joint, as illustrated in FIG. 70. Alternatively, the incision
may be made by any suitable method, including scalpel or
other cutting or dissection tool. The 1ncision may be made
proximal to the patient’s SI joint, allowing the joint to be
accessed by the exposure device. The guide pin 114 may be
advanced until i1ts proximal end 1s 1n contact with the SI joint
or at least partially within SI joint.

As 1llustrated 1n FIGS. 76-79, and without limitation, a
dilator may be used to dilate the incision. As an example,
dilator 116 may be slotted over guide pin 114 through a
central channel running the length of the dilator 116. The
proximal end of the dilator 116 may be slotted over the guide
pin 114, and dilator 116 may then be advanced to or near the
SI joint through the incision. As dilator 116 enters the
incision, the tapered end 118 pushes the patient’s flesh and
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tissue aside, thereby dilating incision to accommodate an
exposure device as described herein. A joint cutting assem-
bly that includes the dilator 116 and a T-handle 120 engaged
with a distal end of the dilator 116 may be used to further
drive the dilator 116 into the 1ncision to a desired depth to
sufliciently expose the SI joint. Alternatively, an impactor
(not shown) may be used to further drive the dilator 116 1nto
the 1ncision to a desired depth.

FIG. 76 illustrates the placement of the exposure device
137 over the dilator 116. The exposure device 137 1s
advanced over dilator 116 and into incision. Dilator 116
enters the hollow barrel of exposure tool at the distal end of
the working channel 239. The working channel 239 of the
exposure tool has distal end 142 that may have a round
geometry and/or a tapered rounded profile that 1s operable to
distract the SI jomnt with minimal damage to soft and
connective tissue 1in and around the posterior side of the SI
jomt. The working channel may include tangs extending
from distal end 142 for engaging the SI joint between the
sacrum and 1llum. The tangs may align between the articular
surfaces and help to position and stabilize the working
channel. It 1s to be appreciated that the working channel may
have other perimeter shapes such as oval, to accommodate
the shape of some fusion implants. It should be understood
that the working channel may have other shapes as well
(e.g., triangular, polygonal [pentagonal, hexagonal, etc.],
Reuleaux shapes, and other applicable shapes). The expo-
sure device may also further dilate incision. The exposure
device 1s advanced toward SI joint through incision until
proximal end 142 1s 1n contact with the SI joint or proximal
to the SI joint and 1n contact with the sacrum and/or ilium.
In such embodiments, dilator 116 functions to guide the
proximal end 142 to the patient’s SI joint.

FIGS. 78-81 illustrate a process of stabilizing the expo-
sure device 137 within incision. As depicted, the exposure
device 1s stabilized using fixing pins 126, slotted through
fixing pin holes or slots 139 on sides of the working channel
239. Fixing pins 126 may have any suitable structure that
permits them to stabilize the exposure device 137. In some
embodiments, and without limitation, stabilizing pins 126
can penetrate the skin and/or flesh and tissue of a human. It
1s to be appreciated that any suitable method of stabilizing
exposure device may be used. Dilator 116 and guide pin 115
may be removed from the working channel either before or
alter the fixing pins 126 are inserted. In other embodiments,
and without limitation, the exposure device may be stabi-
lized by attachment to a surgical or stabilizing arm to hold
the exposure device 1n a static and stable position.

A guide pin 115 may be inserted into the incision through
the working channel 239, either through the dilator before 1t
1s removed, or through a guide sleeve that may be used to
insert the guide pin 115 and then may be removed from the
working channel 239.

FIGS. 82-83 illustrate insertion of drill bit apparatus 122
into the incisions through the working channel 239 of the
exposure device 137. The drill bit may be connected to a
power drill configured for medical procedures. The drill bit
apparatus 122 may have cylindrical outer walls that allow
the drill bit apparatus to freely spin with the hollow barrel of
the working channel 239. The cylindrical outer wall may
comprise a low-Iriction material that facilitates smooth
spinning of the drill within the hollow barrel of the working
channel. The proximal end of the drill bit apparatus 122 may
be inserted into the working channel 239 and may be
advanced to a predetermined point. In some examples, and
without limitation, the proximal end of drill bit apparatus
122 does not extend past the proximal end of the working
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channel 239 when fully inserted. Preferably, drill bit appa-
ratus 122 may be configured such that 1t will interact with
the working channel 239 only 1n an orientation that ensures
proper positioning of drill bit apparatus 122 relative to the SI
joint. For example, and without limitation, the drill bait
apparatus may fit snugly into the hollow barrel to avoid any
axial deviations, but may still be able to spin freely and at
a rapid rotational speed without causing excessive Iriction or
causing significant extraneous or unwanted motion. In other
embodiments, and without limitation, the drill bit may have
an outer stationary housing that 1s complementary to and fits
snugly within the hollow barrel of the working channel, and
the rotating portion of the bit may be within the outer
stationary housing and can be rotated while the stationary
outer housing 1s statically engaged with the hollow barrel of
the working channel.

In some implementations, and without limitation, the drill
bit 1n the drill bit apparatus 122 may be advanced into the
working channel 239 toward SI joint to a predetermined
depth. This may be accomplished by an arrestor system 1n
the drill that only allows a particular depth of insertion or by
any other suitable method. The drill bit 1n the working
channel 239 may be positioned such that when activated 1t
will create a void in the patient’s SI joint by displacing
portions of sacrum and 1lium. In such examples, the drill bit
may be configured such that 1t will contact the patient’s SI
jo1nt at a desired portion of the joint and, once activated, will
create a void of a desired depth. The void may be configured
to receive a fusion implant as described herein or other joint
repairing appliance or bone grait for fusing the SI joint.
Other joint repairing appliances or apparatus may include a
polyether ether ketone (PEEK) implant, a titanium implant,
etc. As an example and without limiting the invention, the
implant may be a fusion implant like one of those shown 1n
FIGS. 49-70.

As shown in FIGS. 84-93, several implements may be
inserted through the working channel 239 into the void in the
SI joint to prepare the void for receiving a fusion implant.
For instance, a box chisel 131 and/or a rasp 132 may be
inserted mto the void through the working channel 239 to
expand and clear tissue from the void to facilitate a clean and
cilicient insertion of the fusion implant into the void (see,
¢.g., FIGS. 84-86). As shown 1n FIGS. 88-89, an impactor
136 may also be used to deepen or spread the void.

FIGS. 39 and 90 illustrate the use of a fusion implant
inserter 147 to insert a fusion implant into the void 1n the SI
joint. The inserter 147 may be inserted into the working
channel 239 of the exposure device 137 once a void has been
formed 1n the SI joint. For example, and without limitation,
prior to 1sertion, the fusion implant 1s grasped by forceps of
the mserter 147, which may engage with grooves along sides
of the fusion implant. In other examples, and without
limitation, the inserter may have a head that 1s threaded,
keyed, or otherwise structured such that 1t 1s complementary
to a hole 1n the proximal end of the fusion implant (e.g., the
proximal hole in fusion implant 700 or 800). Once engaged
with the fusion implant, the inserter 147 may be inserted into
the working channel and may be advanced until 1t meets
resistance at the void. The inserter 147 may be operable to
then release the fusion implant, leaving 1t 1 the void. In
some examples, the mserter 147 may have a mechanism for
grasping and releasing the fusion implant (e.g., arms 149
may be operable to clamp and release the fusion implant),
providing an eflicient means of depositing the fusion implant
in the void.

In some mmplementations, and without limitation, the
fusion 1mplant may require that one or more eclements
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thereof be rotated in order for the fusion implant to engage
with the bone tissue 1n the SI joint (e.g., fusion 1mplants

400,400q, 500, 800, and other related embodiments). In

some 1mplementations, and without limitation, the inserter
may have arms thereon for engaging slots or notches in the
proximal end of the fusion implant and may be capable of
rotating the fusion implant (e.g., fusion implants 400, 400q,
500, and related embodiments) once 1t 1s placed 1n the SI
joint. In such implementations, the mserter may have distal
rotatable member that 1s capable of rotating independently
of shaft and handle of the inserter, allowing the surgeon to
use the mserter to place the fusion implant into the void in
the proper orientation without unwanted rotation and then
deliberately rotate the fusion implant and engage 1t with the
articular surfaces. In other implementations, and without
limitation, the inserter may include a distal head that may be
operable to engage a hole 1n the proximal surface of the
fusion implant, which may be threaded or machined (e.g., to
have gear teeth, notches, angular sides [e.g., a square shape,
etc.] or other features) 1n a manner to allow an 1nterlocking
fit with the distal head of the inserter. In such implementa-
tions, the distal head may be operable to rotate the fusion
implant once 1t 1s placed 1n the void in the SI joint. In other
implementations, and without limitation, a tool separate
from the inserter may be used to rotate the fusion implant
once 1t 1s 1n place within the SI joint. For example, and
without limitation, a driver having a distal head operable to
engage the fusion mmplant may be passed through the
working channel and engage with the fusion implant, and
subsequently rotate the fusion implant.

An 1mpactor 236 may be used to exert force on the fusion
implant as 1t 1s 1 the void, 1n order to drive the fusion
implant securely into the void, as shown i FIG. 91. The
impactor may be utilized to drive the fusion implant into the
bone tissue of the articular surfaces of the SI joint, particu-
larly in 1implementations that utilize a fusion implant having
lateral blades (e.g., fusion implant 700 and related embodi-
ments). The fusion implant may thereby be properly mserted
into the void. Though, the impactor may be used in other
implementations as well, for example, to drive the fusion
implant deeper into the void prior to rotating the fusion
implant (e.g., fusion implants 400, 400q, 500, and related
embodiments), or prior to driving screws of the fusion
implant into the articular surfaces of the SI joint (e.g., fusion
implant 600 and related embodiments). Additionally, the
impactor 236 may be used to add additional therapeutic
materials, such as bone morphogenetic proteins (BMP),
demineralized bone matrix (DBM), stem cells, and other
materials, to the void to improve recovery and growth of the
bone 1n the SI joint.

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

In some embodiments of the present invention, and with-
out limitation, surgical fusion may be accomplished with the
delivery of both (1) a fusion 1implant device into the SI joint,
and (2) a separate fixation device which can be 1n the form
of a screw, or the like. The fusion may be delivered to the
SI joint, placed between the sacrum and iltum, while the
fixation device may be delivered through the 1liac wing, near
the 1liac crest, into the sacrum while not entering or passing
through the SI joint. In such embodiments, the steps of
locating the SI joint and making an incision over the SI joint
may be the same or similar to the steps described above and

as shown in FIGS. 71-77.
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FIGS. 92-114 1illustrate additional steps of a surgical
procedure for fusing an SI joint with both a fusion implant
inserted 1 the SI joint and a joint fixation device (e.g., a
bone screw) fixing the i1lium and sacrum together. The
procedure may include making an incision over the iliac
wing near the iliac crest for the insertion of a second
working channel of a double-barreled, double-angled expo-
sure device. A dilator may be used to dilate an incision
tformed over the SI joint, as previously described. As an
example, and without limitation, FIGS. 92-93 show dilator
116 may be slotted over a guide pin 114 through a central
channel running the length of the dilator 116. The proximal
end of the dilator 116 may be slotted over the guide pin 114,
and dilator 116 may then be advanced to or near the SI joint
through incision. As dilator 116 enters the incision, the
tapered end 118 pushes the patient’s tlesh and tissue aside,
thereby dilating incision to accommodate exposure device.
A joint cutting assembly that includes the dilator 116 and a
T-handle 120 engaged with a distal end of the dilator 116
may be used to further drive the dilator 116 into the 1ncision
to a desired depth to suiliciently expose the SI joint. Alter-
natively, an impactor (not shown) may be used to further
drive the dilator 116 into the incision to a desired depth.

FIGS. 94-95 illustrate the placement of the double-bar-
reled, double-angled exposure device over the dilator 116.
The exposure device 1s advanced over dilator 116 and nto
incision. Dilator 116 enters the hollow barrel of exposure
tool at the distal end of the first working channel 239.
Without limiting the invention, the first working channel 239
of the exposure tool has proximal end 142 that may have a
round geometry and/or a tapered rounded profile that 1s
operable to distract the SI joint with minimal damage to soft
and connective tissue i and around the posterior side of the
SI joint. It 1s to be appreciated that the working channel may
have other perimeter shapes circular, oval, triangular,
polygonal (pentagonal, hexagonal, etc.), Reuleaux shapes,
and other applicable shapes. The exposure device may also
turther dilate incision. The exposure device i1s advanced
toward SI joint through 1ncision until proximal end 142 1s in
contact with the SI joint or proximal to the SI joint and 1n
contact with the sacrum and/or ilium. In such embodiments,
dilator 116 functions to guide the proximal end 142 to the
patient’s SI joint.

The exposure device may be configured such that when
the first working channel 239 of the exposure device 1s
established 1n position 1n or near the SI joint the second
working channel 240 1s oriented over the 1liac wing near the
iliac crest (the location of the 1ncision) and 1n an orientation
that will allow the second working channel to guide a dnll
bit through the iltum and sacrum (e.g., the S1 vertebra)
without traversing the SI joint (i.e., without causing damage
to the SI joint). The relative position of the first and second
working channels of the double-barreled, double-angled
exposure device accommodates the contour of the pelvis
between the i1lium and the SI joint such that said first
working channel can be engaged with a posterior side of the
SI joint and said second working channel can be engaged
with a posterior portion of the 1liac wing at an angle that 1s
aligns a longitudinal axis of the second working channel
anterior to the SI joint.

FIGS. 96-99 illustrate a process of stabilizing the expo-
sure device within incision. As depicted, the exposure device
1s stabilized using fixing pins 126, slotted through fixing pin
holes or slots 139 on sides of the first and second working
channels 239 and 240. Fixing pins 126 may have any
suitable structure that permits them to stabilize the exposure
device. In some embodiments, stabilizing pins 126 can
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penetrate the skin and/or flesh and tissue of a human. It 1s to
be appreciated that any suitable method of stabilizing expo-
sure device may be used. Dilator 116 and guide pin 115 may
be removed from the first working channel either before or
alter the fixing pins 126 are inserted.

Guide pins 115 may be inserted into the incision through
the first and second working channels 239 and 240, either
through the dilator before 1t 1s removed, or through guide
sleeves that may be used to 1nsert the guide pins 115 and that
may then be removed from the first and second working
channels 239 and 240. FIGS. 100-102 provide views of
exemplary guide pin placement for the double-barreled
exposure device from multiple perspectives. FIGS. 103-104
provide views ol exemplary placement of the double-bar-
reled exposure device from multiple perspectives.

FIGS. 105-106 1illustrate insertion of dnll bit apparatus
122 into the incisions through the first and second working
channels 239 and 240 of the exposure device. The drll bat
may be connected to a power drill configured for medical
procedures. The drill bit apparatus 122 may have cylindrical
outer walls that allow the drill bit apparatus to freely spin
with the hollow barrel of the first and second working
channels 239 and 240. The cylindrical outer wall may
comprise a low-Iriction material that facilitates smooth
spinning of the drill within the hollow barrels of the first and
second working channels. The proximal ends of the drill bit
apparatus 122 may be inserted mto the first and second
working channels 239 and 240 and may be advanced to a
predetermined point. In some examples, the proximal ends
of drill bit apparatus 122 do not extend past the proximal end
of the first and second working channels 239 and 240 when
tully inserted. Preferably, drill bit apparatus 122 are config-
ured such that 1t will interact with the first and second
working channels 239 and 240 only 1n an orientation that
ensures proper positioning of drill bit apparatus 122 relative
to the SI joint and the 1llum. For example, the drill bit
apparatus may fit snugly into the hollow barrel to avoid any
axial deviations, but may still be able to spin freely and at
a rapid rotational speed without causing excessive friction or
causing significant extraneous or unwanted motion. In other
embodiments, and without limitation, the drill bit may have
an outer stationary housing that 1s complementary to and fits
snugly within the hollow barrel of the working channel, and
the rotating portion of the bit may be within the outer
stationary housing and can be rotated while the stationary
outer housing 1s statically engaged with the hollow barrel of
the working channel.

The drill bits 1 the dnll bit apparatus 122 may be
advanced 1nto channel the first and second working channels
239 and 240. With regard to the drnll in the first working
channel 239, the drill bit 1s advanced toward SI joint to a
predetermined depth. This may be accomplished by an
arrestor system in the drill that only allows a particular depth
ol 1sertion or by any other suitable method. The drill bit 1n
the first working channels 239 may be positioned such that
when activated it may create a void 1n the patient’s SI joint
by displacing portions of sacrum and ilium. In such
examples, the drill bit may be configured such that 1t will
contact the patient’s SI joint at a desired portion of the joint
and, once activated, will create a void of a desired depth.

The void may be configured to receive a fusion implant as
described herein or other joint repairing appliance or appa-
ratus for fusing the SI joint. Other joint repairing appliances
apparatus may 1include a polyether ether ketone (PEEK)
implant, a titantum 1mplant, etc. As an example and without
limiting the invention, the implant may be a fusion implant
like one of those shown 1n FIGS. 49-70. The fusion implant
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may also have slots for receiving forceps of an inserter tool
or a hole or recess 1 a proximal end of the fusion implant
for recerving an inserter tool, and transverse holes to allow
bone tissue to grow through the implant, and incorporate the
implant into the native bone tissue, thereby fusing the SI
jo1int.

The drill bit 1n the second working channels 239 may be
positioned such that when activated 1t will dnll a hole
through the 1li1ac wing of the patient near the 1liac crest and
through the sacrum (e.g., the S1 vertebra). The drill bit may
have suflicient length to reach the S1 vertebra from the 1liac
wing position of the second working channel. The relative
angled position of the first and second working channels 239
and 240 of the exposure device positions the second working
channel such that the drill bit can be advanced through to the
S1 vertebra without traversing (passing through) the SI joint,
thereby avoiding any damage to the SI joint tissues (e.g., the
ligaments).

As shown 1n FIGS. 107-112, several implements may be
inserted through the first working channel 239 into the void
in the SI joint to prepare the void for receiving a fusion
implant. For instance, and without limitation, a box chisel
131 and or a rasp 132 may be inserted into the void through
the first working channel 239 to expand and clear tissue from
the void to facilitate a clean and eflicient insertion of the
fusion 1mplant 1nto the void. An impactor 136 may also be
used to deepen or spread the void.

FIGS. 39 and 113 1illustrate the use of a fusion implant
inserter 147 to insert a fusion implant (e.g., as described
above and shown 1n FIGS. 49-70) into the void 1n the SI
joint. The mserter 147 may be 1nserted 1nto the first working,
channel 239 of the exposure device. Prior to insertion, the
fusion implant may be grasped by the forceps of the inserter
147, which may engage with grooves or recesses on the
fusion 1implant. In other implementations, and without limi-
tation, the fusion implant may have a hole or recess 1n a
proximal end of the fusion implant for receiving an inserter
tool, and the inserter tool may have a head or extension that
fits within the hole or recess. The mserter 147 and the fusion
implant may be inserted together ito the first working
channel and may be advanced until it meets resistance at the
void. The inserter 147 may then release the fusion implant,
leaving 1t in the void. In some examples, the nserter 147
may have a mechanism for grasping and releasing the fusion
implant, providing an etfhcient means of depositing the
fusion 1mplant 1n the void.

Subsequently, an impactor 236 may be used to exert force
on the fusion implant in the void, in order to drive fusion
implant securely into the void, as shown in FIG. 114. The
fusion 1mplant may thereby be properly inserted into the
voild. Additionally, the impactor 236 may be used to add
therapeutic materials, such as bone morphogenetic proteins
(BMP), demineralized bone matrix (DBM), stem cells, and
other matenals, to the void to improve recovery and growth
of the bone 1n the SI joint.

A joint fixation device (e.g., a compression sCrew) may be
inserted 1nto the 1liac wing and the sacrum (the S1 vertebra)
through the second working channel as the double-barreled
exposure device 1s secured to the SI joint and the 1lium. A
fixation device 158 may be 1nserted at angle into the i1lium
and the sacrum that compresses the SI joint, thereby com-
pressing the fusion implant within the SI joint. However, in
other embodiments, the angle of the hole drilled in the 1lium
and sacrum 1n an orientation that distracts the SI joint,
providing room in the SI joint for bone tissue grow around
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the fusion implant. In further embodiments, the structure of
the joint fixation device 158 may be configured to create
distraction 1n the SI joint.

The joint fixation device 158 may be inserted into the
second working channel along with a fixation implant driver
125 engaged therewith. In the case of a screw, the screw 158
may be advanced into the hole drilled through the 1lium and
the sacrum manually with a specialized driver 125. Alter-
natively, the screw or other fusion device can be installed by
an automated process. Without limiting the invention, FIGS.
115-116 show an exemplary fixation device 138 and an
exemplary fusion implant 151 positioned in the pelvis from
posterior and superior views, respectively. The fusion
implant 151 sits 1n the SI joint 102 between the articular
surfaces of the sacrum 101 and the i1liac wing 100. The
fixation device 158 passes through the iliac wing 100 and
into the body of S1 of the sacrum 101 without traversing
(passing through) the SI joint 102.

Once the fusion implant 151 and the fixation device 158
are 1mplanted 1n their proper positions, the fixation implant
insertion implant device 125 and the double-barreled expo-
sure device may be removed from the patient. Also, the
fixing pins 126 may be removed and the exposure device
may be removed from both incisions. The tissues in the
incisions may then be sutured, to facilitate healing.

In some embodiments, and without limitation, the work-
ing channels may have different structures and orientations.
Without limiting the invention, FIGS. 117-120 illustrate
further embodiments of the invention. In FIG. 117, a single
working channel 290 1s shown engaged with the SI joint. In
this example, the single working channel 290 can be indi-
vidually onentated and engaged with the SI joint, and
separately as second working channel 290 may be engaged
with the preferred mnsertion point on the 1lium, as shown in
FIG. 118. This embodiment provides the tlexibility of 1ndi-
vidually orienting the two working channels. Subsequently,
an adjustable rack 161 may be engaged with both the of the
individual working channels 290 as shown i FIG. 119,
thereby stabilizing the two working channels and maintain-
ing their orientation relative to one another. It 1s to be
appreciated that the two working channels 1n this example
may be stabilized by other or additional methods.

In some embodiments, the working channel may have two
barrel or more barrels (e.g., 3, 4, or more barrels, 1n various
orientations—yparallel, skewed, etc.), each capable of recerv-
ing surgical implements and bemng used to introduce
implants or other devices or materials imto the SI joint. For
instance, the two or more barrels may include two parallel
barrels, two skewed barrels, three parallel barrels 1n a single
plane, three parallel barrels 1n a triangular arrangement, etc.
As an example, and without limiting the imnvention, FIG. 120
shows an 1individual working channel 2935 engaged with the
SI joint having two parallel barrels. The additional barrel
may facilitate the formation of a second void and the
isertion of a second fusion implant or some other fusion
device or bone graft material 1n the second void. As an
example, and without limitation, FIG. 121 shows a posterior
view of the SI joint having two fusion implants 151 mserted
therein. An exposure device having two parallel barrels such
as working channel 295 may be used to insert two fusion
implants into the SI joint, as shown n FIG. 121.

The working channel 295 may be used individually 1n a
SI joint fusion procedure, or in combination with another
working channel. For example, and without limiting the
invention, FIG. 122 shows an exemplary working channel
290 that may be used in conjunction with the working
channel 2935, allowing for insertion of a joint fixation device
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in the 1lium and sacrum. The working channels 290 and 295
may also be connected to one another by an adjustable rack,
as described above, thereby stabilizing the two working
channels and maintaining their orientation relative to one
another. It 1s to be appreciated that working channels having
two or more barrels may fixedly attached to a second
working channel at an angle by a connecting member, as
described in the examples above. As an example, and
without limitation, FIGS. 123-124 show posterior and supe-
rior views of an SI joint having two fusion implants 151
inserted therein, and a fixation device 157 implanted 1n the
iliac wing 100 and the body of S1 of the sacrum 101. The
fusion 1mplants 151 sit 1n the SI joint 102 between the
articular surfaces of the sacrum 101 and the 1liac wing 100.
The fixation device 157 passes through the 1liac wing 100
and 1nto the body of S1 of the sacrum 101 without traversing
(passing through) the SI joint 102. An exposure device
having two parallel barrels such as working channel 295
may be used to msert two fusion implants 1to the SI joint,
and a second working channel may be used to msert the joint
fixation device 1n the 1liac wing and the sacrum, as shown 1n
FIGS. 123-124.

It 1s also to be appreciated that the individual working
channel having two or more barrels are not limited to SI joint
fusion procedures, and may have other beneficial applica-
tions. Furthermore, the other working channel apparatuses
may be useful 1n other procedures as well. For instance, the
working channels of the present invention may be associated
with various racks (e.g., having varying lengths and means
of attachment) that facilitate procedures where two difhicult
surgical sites are needed.

It 1s to be further appreciated that the working channel
apparatuses (exposure devices) described herein can be
utilized 1n SI joint fusion procedures on both SI joints of a
patient simultaneously. As shown in FIG. 125, the presently
described exposure devices can be utilized 1n a bilateral SI
joint procedure.

The methods described herein may be used to treat both
of the patient’s SI joints either at the same or approximately
the same time (e.g., during the same procedure) or in
sequence.

It 1s to be understood that variations and modifications of

the present invention may be made without departing from
the scope thereot. It 15 also to be understood that the present
invention 1s not to be limited by the specific embodiments
disclosed herein, but only 1n accordance with the appended
claims when read 1n light of the foregoing specification.
What 1s claimed:
1. A method for repairing a sacroiliac joint of a patient,
comprising;

a. creating a first incision 1n the patient’s skin in a position
proximal to the patient’s sacroiliac joint to allow access
to the posterior portion of the sacroiliac joint;

b. inserting a working channel into said first incision and
spreading said posterior portion of the sacroiliac joint
with an inserted end of said first working channel;

c. creating a void 1n said posterior portion of the sacroiliac
joint; and

d. inserting a fusion implant into said void along a path
that 1s substantially parallel to articular surfaces of the
sacroiliac joint, said fusion implant having at least one
fixation element for engagement with bone tissue 1n an
articular surface of at least one of an 1lium and a sacrum
in said sacroiliac joint, wherein said at least one fixation
clement first penetrates said articular surface of at least
one of said i1lium and said sacrum and said fusion
implant compresses the sacroiliac joint.
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2. The method of claim 1, further comprising rotating said
fusion 1implant to engage said at least one fixation element
with said bone tissue 1n said articular surface of at least one
of said 1llum and said sacrum.

3. The method of claim 1, further comprising driving said
fusion 1mplant into said void with an impactor, wherein
driving said fusion implant engages said at least one fixation
clement with said bone tissue.

4. The method of claim 1, wherein said fusion implant has
a central body and said at least one fixation element extends
laterally from said central body, and said working channel
has a hollow barrel having a shape for receiving said fusion
implant including said at least one fixation element.

5. The method of claim 4, wherein said hollow barrel has
an oblong shape for accommodating said fusion implant and
allowing said at least one fixation element to pass through
said hollow barrel without obstruction, wherein said hollow
barrel has a substantially uniform transverse cross section
having a substantially elliptical shape and the elongate
portions of the elliptical cross-section function as channels
for recerving said at least one fixation element.

6. The method of claim 1, wherein said fusion implant
contacts the 1lium and the sacrum and compresses the
articular surfaces of the i1ltum and the sacrum together, and
thereby securing said implant 1n said sacroiliac joint.

7. The method of claim 6, wherein said fusion implant
comprises a longitudinally positioned cavity for holding a
fusion-promoting material, said cavity comprising at least
one gap or hole therein for allowing the growth of bone
tissue 1nto said cavity.

8. The method of claim 1, wherein the inserting said
fusion 1mplant comprises:

a. attaching said fusion implant to an 1nserter, wherein the
inserter has a distal end configured to attach to said
fusion 1mplant;

b. imserting said inserter into a hollow barrel of said
working channel and engaging said inserter with a stop
slot within said hollow barrel; and

c. advancing said mnserter until said stop slot prevents said
iserter from moving further into said sacroiliac joint.

9. The method of claam 1, wherein the mserting said
fusion 1mplant comprises attaching an inserter to a head
portion of said fusion implant having at least one receiving
feature thereon, said at least one receirving feature being
configured to be engaged by an attaching mechanism of said
inserter.

10. The method of claim 1, wherein said at least one
fixation element comprises a helical anchor having a sharp
end for piercing said bone tissue in an articular surface of at
least one of said sacrum and said 1lium, said helical anchor
having a substantially polygonal cross-section.

11. The method of claim 1, wherein said working channel
includes at least one tang protruding from a distal end of the
working channel for securing a position of said working
channel 1n said sacroiliac joint.

12. A method for repairing a sacroiliac joint of a patient
using an intra-articular joint fusion device for connecting the
sacrum and 1lium, comprising:

a. creating an 1ncision in the patient’s skin in a position
proximal to the patient’s sacroiliac joint to allow access
to a posterior portion of the sacroiliac joint;

b. mserting a working channel of a surgical channel tool
into said incision from the posterior of the patient;

c. creating a void 1n said sacroiliac joint;

d. inserting a fusion implant into said void and into said
sacroiliac joint on a path that 1s substantially parallel to
articular surfaces of the sacroiliac joint, said fusion
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implant having at least one fixation element comprising
a helical anchor having a sharp end for piercing bone
tissue 1n an articular surface of at least one of the
sacrum and the 1lium of said sacroiliac joint and said
helical anchor first penetrates said articular surface of
said at least one of said sacrum and said 1lium; and

¢. dnving said tusion implant into said void such that said
at least one fixation element engages with said bone
tissue, and said fusion implant fixes relative positions
of said sacrum and said i1llum and compresses said
sacroiliac joint.

13. The method of claim 12, wherein a proximal end of an
clongate body of said fusion implant includes at least one
receiving surface for engagement with a driving tool for
driving said fusion implant into said void.

14. The method of claim 12, wherein the inserting the
fusion 1implant comprises:

a. attaching said fusion implant to an inserter, wherein the
inserter has a distal end configured to attach to the
fusion 1mplant;

b. inserting the inserter into a hollow barrel of said
working channel and engaging said 1nserter with a stop
slot within said hollow barrel; and

¢. advancing said inserter until said stop slot prevents the
iserter from moving further into said sacroiliac joint.

15. The method of claim 12, wherein driving said fusion
implant 1nto said void comprises rotating said fusion implant
or a portion thereol having said at least one fixation element
thereon.

16. The method of claim 12, wherein said compression of
said sacroiliac joint promotes bone remodeling and fusion of
the sacrum and 1lium.

17. The method of claim 12, wherein said helical anchor
has a substantially polygonal cross-section.

18. The method of claim 12, wherein said working
channel includes at least one tang protruding from a distal
end of the working channel for securing a position of said
working channel in said sacroiliac joint.

19. A method for repairing a sacroiliac joint of a patient
using an intra-articular joint fusion device for connecting the
sacrum and 1lium, comprising:

a. creating an incision in the patient’s skin 1 a position
proximal to the patient’s sacroiliac joint to allow access
to the posterior portion of the sacroiliac joint;

b. 1inserting a working channel of a surgical channel tool
into said incision from the posterior of the patient, said
working channel including at least one tang protruding
from a distal end of the working channel for securing
a position of said working channel 1n said sacroiliac
jo1nt;

c. creating a void 1n said sacroiliac joint;

d. mserting a fusion implant into said void and into said
sacroiliac joint on a path that 1s substantially parallel to
articular surfaces of the sacroiliac joint, said fusion
implant having at least one fixation element for engage-
ment with bone tissue 1n an articular surface of at least
one of the sacrum and the 1ltum of said sacroiliac joint;
and

¢. dnving said tusion implant into said void such that said
at least one fixation element engages with said bone
tissue, and said fusion implant fixes relative positions
of said sacrum and said i1lium and compresses said
sacroiliac joint.

20. The method of claim 19, wherein said at least one
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end for piercing said bone tissue, and said helical anchor first
penetrates said articular surface of said at least one of said
sacrum and said ilium.

21. The method of claim 20, wherein said helical anchor
has a substantially polygonal cross-section.

22. The method of claim 19, wherein the inserting the
fusion 1implant comprises:

a. attaching said fusion implant to an 1nserter, wherein the
inserter has a distal end configured to attach to the
implant;

b. 1mnserting the inserter mto a hollow barrel of said
working channel and engaging said inserter with a stop
slot within said hollow barrel; and

¢. advancing said mserter until said stop slot prevents the
iserter from moving further ito said sacroiliac joint.

23. The method of claim 19, wherein said compression of
said sacroiliac joint promotes bone remodeling and fusion of
the sacrum and 1lium.

24. The method of claim 19, wherein no further implants
or fusion devices are mtroduced into the sacroiliac joint or
surrounding tissues.

25. The method of claim 19, wherein said compression of
said sacroiliac joint promotes bone remodeling and fusion of
the sacrum and 1lium.

26. A method for repairing a sacroiliac joint of a patient,
comprising;

a. creating an 1ncision in the patient’s skin in a position
proximal to the patient’s sacroiliac joint to allow access
to the posterior portion of the sacroiliac joint;

b. imserting a working channel into said incision and
spreading said posterior portion of the sacroiliac joint
with an 1nserted end of said working channel;

c. creating a void 1n said posterior portion of the sacroiliac
joint; and

d. mserting a single fusion implant 1nto said void along a
path that 1s substantially parallel to articular surfaces of
the sacroiliac joint, said fusion implant having at least
one fixation element for engagement with bone tissue
in an articular surface of at least one of an 1lium and a
sacrum 1n said sacroiliac joint, wherein said at least one
fixation element engages with said articular surface of
at least one of said 1lium and said sacrum and no further
implants or fusion devices are introduced into the
sacroiliac joint or surrounding tissues.

277. The method of claim 26, further comprising driving
said fusion implant into said void with an impactor, wherein
driving said fusion implant engages said at least one fixation
clement with said bone tissue.

28. The method of claim 26, wherein driving said fusion
implant into said void comprises rotating said fusion implant
or a portion thereof having said at least one fixation element
thereon.

29. The method of claim 28, wherein said at least one
fixation element penetrates said bone tissue 1n said articular
surtace of at least one of said 1lium and said sacrum when
said fusion implant 1s rotated.

30. The method of claim 29, wherein said fusion implant
contacts the 1lium and the sacrum and compresses the
articular surfaces of said sacroiliac joint together, and
thereby securing said fusion implant in said sacroiliac joint.

31. The method of claim 26 wherein said working channel
includes at least one tang protruding from a distal end of the
working channel for securing a position of said working
channel 1n said sacroiliac joint.
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