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MINIMALLY INVASIVE METHOD AND SURGICAL TOOLS

FOR TRANS-PSOAS APPROACH

FIELD OF INVENTION

[0001] Surgical tools for a minimally invasive trans-psoas approach; and more

particularly to a trans-psoas approach for the insertion of a trans-vertebral body cage

are provided.

BACKGROUND

[0002] Patients that experience chronic discomfort in their backs often require

remedial surgery in order to correct structural problems such as disc degeneration. This

degeneration may come in many forms, but invariably results in an unacceptable

variance in the alignment and/or spacing of one or more portions of the spine. It is

acknowledged that maintenance of the normal curvature of the lumbar spine is

preferable, and so when corrective surgery is required, it is important to re-establish the

normal biomechanical arrangement, and to restore the profile of the spine.

[0003] A wide variety of prior art techniques have been used to correct spinal

posture and the placement and spacing of the individual vertebrae. One common

technique where disc degeneration has occurred is to remove the degenerated disc,

distract the disc space, and fuse the adjacent vertebrae together. These interbody

fusions attempt to address the instability caused by degenerative discs and facet joints

by using implants to restore the natural arrangement of the spine and stabilizing screws,

and rods to anchor the spine in place while the fusion of bones is accomplished. In

particular, most of these methods require the insertion of metal cages packed with bone

or ortho-biological compounds (osteoinductive/osteoconductive) within the disc space

that serve to fuse the adjacent vertebrae.

[0004] Again, there are innumerable techniques and surgical approaches to

accomplish this interbody fusion. Traditional techniques use either a posterior or

anterior approach (see, Figs. 1a & 1b). In a posterior technique, such as Posterior

Lumber Interbody Fusion (PLIF), it is necessary to dissect and retract the back muscles,



bones, vessels, ligaments and nerves, which causes a great deal of trauma to the

supporting muscles and ligaments of the back. Meanwhile, in an anterior approach,

such as Anterior Lumber Interbody Fusion (ALIF), it is necessary to proceed through the

abdominal musculature and cavity. This creates the risk of major injury associated with

trauma to important vascular structures and/or the genitourinary structures. More

recently minimally invasive techniques have been proposed that use a trans-lateral

approach, such as Transforaminal Lumber Interbody Fusion, or a trans-sacral

approach, such as Axial Lumbar Interbody Fusion (AxiaLIF ®) . (See, e.g., USPN

6,899,71 6 and U.S. Pat. Pub. No 201 1/01 12373, the disclosures of which are

incorporated herein by reference.) .

[0005] All of these methods have drawbacks, either with regard to the invasiveness

of the technique, or, in the case of the trans-sacral approach, the limited area of the

spine on which they can be implemented. Now a trans-psoas approach has been

proposed that gives access to the disc space from L-1 to L-5. This approach is being

increasingly employed to treat common spinal disorders including disc degeneration,

spinal deformity and trauma. However, the technique has not been extended to the L-

5/S-1 disc space because the anatomy of the pelvis, the lumbarsacral plexsus and the

iliac vessels make the standard trans-psoas approach extremely dangerous. In

addition, the tools to work with this approach are still quite limited and, primarily being

borrowed from more traditional techniques, are not well-suited to exploit the minimally

invasive nature of the trans-psoas approach. Therefore, a need exists to provide

surgical tools and methods adapted for use in a trans-psoas approach to spinal fusion.

SUMMARY OF THE INVENTION

[0006] The current invention is directed to a system and method for fusing adjacent

vertebrae. More particularly, embodiments of methods, surgical tools, and a surgical

system for performing spinal fixation using a lateral trans-psoas approach through a

superior vertebral body into the disc space between that superior vertebral body and the

disc space between the adjacent inferior vertebral body are described. Additionally,



methods of reversing the fusion from an inferior to superior vertebral bodies, and in

extending the fusion across multiple vertebrae are described.

[0007] In some embodiments the invention is directed to a method for performing a

lateral trans-psoas spinal fusion procedure including:

• forming a surgical opening and passageway through the lumbar plexus at

the fusion site;

• forming an opening in the lateral edge of a primary vertebral body to allow

access to the disc space between the primary vertebral body and an

adjacent vertebral body;

• exposing the bony endplate of the adjacent vertebral body;

• preparing and distracting the disc space between the primary and

adjacent vertebral bodies;

• inserting an interbody cage through the primary vertebral body and the

disc space, and anchoring the cage in at least the primary and adjacent

vertebral bodies;

• expanding the interbody cage into the disc space; and

• inserting a cage screw to stabilize the primary vertebral body and an

adjacent vertebral body.

[0008] In embodiments, the primary vertebral body is superior to the adjacent

vertebral body, and wherein the opening is formed in the superior lateral edge of the

superior vertebral body and the cage anchored in at least the superior bony endplate of

the inferior vertebral body.

[0009] In other embodiments the cage incorporates bone or ortho-biological

compounds.

[0010] In still other embodiments the superior vertebral body is L-5 and the inferior

vertebral body is S-1 , and wherein the surgical and opening and passageway proceeds

through the lumbar plexus.

[001 1] In yet other embodiments, the method further includes dilating and retracting

tissue disposed between the surgical opening and the insertion point of the cage at the



primary vertebral body. In some such embodiments, the step of dilating and retracting

tissue includes the use of a retractor having a plurality of separable retractor blades. In

other such embodiments, the step of dilating and retracting tissue includes the use of

nerve monitoring. In still other such embodiments, the step of dilating and retracting

tissue includes the use of fluoroscopic retractor blades.

[0012] In still yet other embodiments, the method further includes inserting a

guidance wire through the primary vertebral body and the adjacent disc space and into

the adjacent vertebral body.

[0013] In still yet other embodiments, the step of forming an opening in the lateral

edge of the primary vertebral body comprises drilling and reaming. In some such

embodiments, the drilling and reaming occurs along a guidance wire. In other such

embodiments, the drilling and reaming further comprises harvesting blood and marrow

via suction.

[0014] In still yet other embodiments, the primary vertebral body is inferior to the

adjacent vertebral body, and wherein the opening is formed in the inferior lateral edge of

the inferior vertebral body and the cage anchored in at least the inferior bony endplate

of the superior vertebral body.

[0015] In still yet other embodiments, the fusion occurs across multiple vertebral

bodies.

[0016] In some embodiments, the dilator/retractor for use in association with a trans-

psoas spinal fusion procedure includes an elongated body formed of a plurality of

detachably interconnected blades, wherein the blades when detached are movable

radially outward relative to each other.

[0017] In other embodiments, the blades are formed of a fluoroscopic material.

[0018] In still other embodiments, the assembled blades form a conical elongated

body.

[0019] In yet other embodiments, the conical body includes a passageway through

which a guidance wire may be passed.



[0020] In still yet other embodiments, the retractor blades are radially deformable at,

at least one end thereof. In some such embodiments, the blade include a wire pin for

securing the retractor blade in position.

[0021] In some embodiments the invention is directed to a stabilizing cage screw for

use in association with a trans-psoas spinal fusion procedure including:

• an elongated cylindrically tapered body having proximal and distal ends;

• wherein the proximal end has disposed therein a portion for mating with a

suitable drive mechanism; and

• wherein the outer surface of the interbody cage incorporates threading.

[0022] In other embodiments, the cage screw further includes a plurality of cutting

elements disposed along the outer surface of the cage.

[0023] In still other embodiments, the cage screw further includes at least one

fenestration in the outer wall thereof, the at least one fenestration.

[0024] In yet other embodiments, the cage screw further includes an anchoring

screw interconnected with the proximal end of the interbody cage, the anchoring screw

being configured to engage a primary vertebral body in a trans-psoas spinal fixation

procedure.

[0025] In some embodiments the invention is directed to an expandable interbody

cage for use in association with a trans-psoas spinal fusion procedure including:

• a cage body formed of a deformable wire mesh;

• an expandable body capable of expanding radially outward disposed

within the body of the cage, such that the cage expands from a

compressed state to an expanded state under the influence of the

expandable body; and

• wherein the expandable body is a balloon having a lumen through which a

pressurizing fluid may be fed to affect expansion of said expandable body.



BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and other features and advantages of the present invention will be

better understood by reference to the following detailed description when considered in

conjunction with the accompanying drawings where:

[0027] Fig. 1a is a top view of a lumbar body;

[0028] Fig. 1b is a side view of a lumbar body;

[0029] Fig. 2 is an anterior view of the lumbar and sacral regions of the spine where

the dilator is positioned in accordance with embodiments of the invention;

[0030] Figs. 3a to 3f provide schematic views of the procedural steps involved in

performing a lateral trans-psoas spinal fusion in accordance with embodiments of the

invention;

[0031] Fig. 4a provides a side view of a dilator tool in accordance with embodiments

of the invention;

[0032] Fig. 4b provides a side view of a dilator tool in a retracted position in

accordance with embodiments of the invention;

[0033] Fig. 4c provides a schematic view of a retractor tool in position for retraction

in accordance with embodiments of the invention;

[0034] Fig. 4d provides a detailed schematic view of a retractor tool in position for

retraction in accordance with embodiments of the invention;

[0035] Fig. 4e provides a side view of a retractor tool in a retracted state in

accordance with embodiments of the invention;

[0036] Fig. 4e' provides a detailed schematic view of the retractor tool shown in Fig.

4e;

[0037] Fig. 4f provides a side view of a secondary retractor tool in accordance with

embodiments of the invention;

[0038] Fig. 4f provides a detailed schematic view of the secondary retractor tool

shown in Fig. 4f;

[0039] Fig. 4g provides a side view of primary and secondary retractor tool in

retracted states in accordance with embodiments of the invention;



[0040] Fig. 4g' provides a detailed schematic view of the retractor tools shown in Fig.

4g;

[0041] Fig. 5a provides a side view of an unexpanded interbody cage in accordance

with embodiments of the invention;

[0042] Fig. 5b provides a side view of an expanded interbody cage with a fully

inflated expansion element inserted therein in accordance with embodiments of the

invention;

[0043] Fig. 5c provides a side view of an expanded interbody cage with a deflated

expansion element in accordance with embodiments of the invention;

[0044] Figs. 6a and 6b provide side views of fusion cage screws in accordance with

embodiments of the invention;

[0045] Fig. 6c provides a side view of a fusion cage screw with de-rotation screw in

accordance with embodiments of the invention; and

[0046] Figs. 7a and 7b provide schematic views of the use of the interbody and

fusion cages in a minimally invasive surgical technique in accordance with

embodiments of the invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0047] In accordance with the figures and description, methods, surgical tools and a

surgical system for performing spinal fixation using a lateral trans-psoas approach

through a vertebral body into the disc space between that vertebral body and the disc

space between the adjacent vertebral body are provided. In particular embodiments,

the approach, tools and system are adapted for use in fixing the L-5 and S-1 vertebral

bodies. Although some embodiments focus on a superior to inferior fusion across a

single disc space, it should be understood that in other embodiments the methods and

tools described can also be used for disc fusion where insertion proceeds from an

inferior vertebral body to a superior vertebral body, and also cases where the fusion

occurs across multiple disc spaces fusing more than two vertebrae.

[0048] As discussed, current methods of performing interbody fusions have

drawbacks ranging from the invasiveness of the techniques to the limited areas of the



spine on which they can be implemented. This disclosure proposes a trans-psoas

approach that gives access to the disc space from L-1 to L-5. However, despite the

advantages offered by a trans-psoas approach, they also create technical challenges,

including substantial soft tissue interposed between the entry point to the surgery and

the interbody space, difficult visualization of the fusion space, and a disc distraction

space that has uniquely challenging access.

[0049] As shown in Fig. 2, embodiments of the lateral trans-psoas spinal fusion use

an approach that includes a surgical opening ( 12) and passageway at the fusion site

that proceed through the lumbosacral plexsus (14). As shown, by deploying retractors

(16) it is possible to navigate the lumbosacral plexus and form an opening in the lateral

edge of a primary (18) vertebral body to allow access to the disc space (20) between

the primary vertebral body and an (22) adjacent vertebral body. As will be discussed in

greater detail below, once the bony endplate of the adjacent vertebral body has been

exposed, it is then possible to prepare the disc space, for example by distraction, and to

insert the necessary interbody and stabilizing cages. Within these cages may be

incorporated bone or ortho-biological compounds such that bridging bone may grow

within the cage to achieve arthrodesis between the adjacent vertebrae.

[0050] In some particular embodiments, the lateral trans-psoas surgical fusion

method may be used to fuse the space between any one of the L-5 and S-1 vertebral

bodies. In such embodiments, the cage is navigated through the lumbar plexus and

thereafter through the body of L-5 from the superior lateral edge of L-5 and therethrough

into the disc space between oned of L-1 to L-5 and S-1 .

[0051] Although the above description provides an overview of embodiments of the

lateral trans-psoas spinal fusion approach it should be understood that the insertion of

the cage can include other additional supporting surgical steps (as shown in Figs. 3a to

3f) including:

• Dilation and then retraction of the muscle and flesh interposed between

the surgical opening and the point at which the cage is first inserted into

the superior vertebral body (e.g., in some embodiments the superior



lateral edge of L-5) (note this step may or may not include using

fluoroscopic retractor blades, as well as nerve monitoring to guide the

lumbar plexus and neural monitoring to ensure safe passage by the

exiting nerves)(Fig. 3a);

• Passing a guidance wire (28) through the superior vertebral body then

through the adjacent disc space and into the superior end of the inferior

vertebral body (such a guide wire may be anchored in some embodiments

1cm within the inferior vertebral body to ensure a secure anchor and guide

point) (Fig. 3b) (Note, although this set of figures demonstrates the

superior to inferior approach, as shown by the arrow (30) similar

techniques may be used in an inferior to superior approach.);

• Using the guide wire (28) and a series of drills (not shown) to drill and

ream an opening (32) through the superior vertebral body via the lateral

edge into the adjacent inferior disc space and then into the adjacent

inferior vertebral body (during this process the interceding blood and

marrow may be harvested via suction and stored, if desired, for later

use)(Fig. 3c);

• Preparing the disc space to expose the bony endplate of the inferior

vertebral body (this can be done using any suitable curate, pituitary

rongour and suction, and particularly an angled curate or rongour) (34),

then an angled guide tube can be inserted into the prepared disc space

(36) (Fig. 3d); and

• Inserting a cage (38) (preferably packed with previously harvested bone

graft or other ortho-biological compounds) through the opening (32) thus

created to anchor the cage into the disc space desired for fixation (36)

(Fig. 3e).

[0052] Although the above discussion has focused on the fusion of L-5 and S-1 , it

will be understood that the technique of proceeding through a superior vertebral body



into an inferior vertebral body can also be performed from an inferior vertebral body into

a superior vertebral body, or across multiple vertebral bodies.

[0053] Turning to embodiments of the tools and system for performing a lateral

trans-psoas spinal fusion, Figs. 4 to 6 show various embodiments of

distraction/retraction tools. In some embodiments, as shown in Figs. 4a to 4g, there is a

dilator (40) formed of a plurality of separate blades (42), each of which may be

interconnected and joined into a whole defining an elongated conical cylinder (44).

Although an embodiment showing four blades is shown in the figures, it should be

understood that any number of blades more than two may be used in association with

the dilator. To ensure the safe path of the blunt dilator through the nerve plexus, in

some embodiments each of the blades is connected and monitored using a

neuromonitoring system. Likewise, to ensure the dilators are secured at the correct

docking position against the annulus of the disc fluoroscopic guidance may be

incorporated into the dilator.

[0054] Regardless of the number of blades, it should be understood that the blades

(42) are releasably interconnected through one or more suitable connectors, such as,

latches, straps, pins, etc., such that when the dilator is in position, the blades may be

separated into multiple independent segments or parts (Figs. 4a and 4b) that may be

moved radially away from one another to provide preliminary retraction of the soft tissue

at the incision site. This ability to move radially outward in multiple directions provides

better retraction and multiple directional neural monitoring. In addition, as shown in Fig.

4b, portions (46) of the blades (42) may be deformable (for example by segmentation of

the blade) to expand the opening, prevent the distracted tissue from creeping over the

blades, and to ensure that the blades do not restrict access to the surgical site. The

blades (42) may also be formed with wire pins (48) to allow stable insertion into the

underlying disc space. These wire pins may be integrated into or provided additional

structures to on the blades, such as grooves, tabs, slots, etc., to secure the wire to the

blade.



[0055] To further improve the positioning of the dilator, a guide wire may be inserted

into or integrated with the dilator. It should be understood that any suitable guide wire

design may be used such that the guide wire is sufficiently strong and has sufficient

length to allow the guide wire to pass through the superior vertebral body and the

adjacent disc space and anchor into the body of the inferior vertebral body, thereby

creating a guiding path for the drills/reamers and cage. To accomplish the anchoring,

the distal end of the guide wire may include any suitable form of terminating anchor tip

capable of anchoring the distal end of the guide wire into the inferior vertebral body,

including a spear, hook, threading, etc. The guide wire may also include

neuromonitoring or fluoroscopic imaging to improve the accuracy of the guide wire

positioning through the vertebral bodies and disc space.

[0056] Operation of the dilator (40) requires positioning of the device above the

surgical site. As shown in Fig. 4c, this may include the use of a dilator holder (50), such

as a pitchfork, to keep the dilator in a stable and secure position in association with the

patient's body (52). In this example, two separate and separable dilator/retractors are

used, a two-bladed primary dilator and a two-bladed secondary dilator, however, it

should be understood that these primary and secondary dilator functions could be

combined in a single four or more bladed separable retractor.

[0057] As shown in Fig. 4d, in this embodiment, first the primary dilator (40) is

inserted through the plexus and the nose of the dilator (54) is positioned at a retraction

position at the disc space (58) to be distracted. To ensure proper positioning, each

blade (60' and 60") can be separately connected to EMG monitoring (62).

[0058] As shown in Fig. 4e, once the primary dilator is in position, the soft tissue is

preliminarily retracted by moving the separable blades (60' and 60") of the dilator

radially outward. To accomplish this, the retractor blades are deployed underneath the

muscle to expose the annulus or bony surface. Once preliminary retraction is

accomplished, wire pins (64) are inserted in conjunction with the retractor blades (60'

and 60") and into the bone to anchor them in place. As shown in Fig. 4e', in some

embodiments the retractor blades (60) comprise an elongated body having a proximal



end (65) positioned at the disc space, and a distal (66) end that extends outside the

body. As discussed previously, the distal portion (66) of the arms (60' and 60") may be

made deformable so that they may be deformed (bent back) radially to contain the soft

tissue and decrease the risk of soft tissue creeping underneath the retractor (40). The

retractor blades may also be radiolucent to improve imaging and placement accuracy.

[0059] In many embodiments, the blades may also include a groove (68) into which

the attachment wires (64) may be positioned such that the wires can be secured within

the blades, and the blades can thus be secured to the underlying bone using the wires.

In such embodiments, the terminal end of the attachment wires may include an anchor

such as, for example, a point, hook or threading to anchor the wire securely into the

bone. Preferably, the terminal end includes a stop (in preferred cases about 4 mm long)

to prevent injury to the soft tissue under the bone. Although a groove is shown in the

embodiments pictured, it will be understood that other configurations for holding the wire

pin in place in relation to the blade may be used including slots, tabs, holes, etc.

[0060] As previously discussed, in many embodiments the dilator includes a

separate secondary retractor. As shown in Fig. 4f, in such embodiments once the

primary retraction has been completed a separate secondary retractor (70) is positioned

at the surgical site. In some embodiments this secondary retractor is arranged such

that it retracts radially in a direction off-angle, or possible orthogonal, to the direction of

the primary retraction. Although this secondary retractor may be formed of blades

identical to those of the primary retractor, in some embodiments the secondary retractor

is formed of blades (72' and 72") dimensioned and configured to be more compact than

the primary retractor blades, and thus more easily used in conjunction with said primary

retractor blades. Regardless of their dimensions, in many embodiments, the retractor

blades (72' and 72") of the secondary retractor (70) are also formed of elongated bodies

having a proximal end (74) designed to be positioned adjacent the disc space (58), and

a distal end (76) designed to extend out of the body (see, Fig. 4f). As with the primary

retractor, the distal portions (76) of the secondary retractor may be deformable (such as

by forming deformable portions along the length of the distal end) such that they may be



radially deformed (bent back) to contain the soft tissue and decrease the risk of soft

tissue creeping underneath the retractor. These secondary retractor blades may also

be radiolucent to improve imaging and placement accuracy.

[0061] Once the retractor blades (72' and 72") are retracted as desired, wire pins (78

in Fig. 4g) may then be inserted in conjunction with the retractor blades and into the

bone to anchor them in place. In many such embodiments, the blades may include a

groove or other securing mechanism (as discussed above with respect to Fig. 4e and

4e') into which the attachment wire pins may be positioned such that the wires can be

secured within the blades. In the embodiment shown in Figs. 4f and 4f the securing

mechanism includes independent slots (80' and 80") disposed at the proximal and distal

ends of the blades into which the pins may be inserted and then secured to the

underlying bone. As discussed before, in such embodiments, the terminal end of the

attachment wires may include an anchor such as, for example, a point, hook or

threading to anchor the wire securely into the bone. Preferably, the terminal end

includes a stop (in preferred cases about 4 mm long) to prevent injury to the soft tissue

under the bone.

[0062] As shown in Figs. 4g and 4g', once the retractors (40) and (70) are in

position, the distal ends of the wire pins (64) and (78) are bent back to secure the

retractor blades in position. It should be understood that although embodiments using

multiple, separable two-bladed retractors are described above, a single four-bladed

retractor may be used or even retractors with higher numbers of blades of similar

radially separable blade designs.

[0063] Regardless of the design, the dilator and retractor may be used in association

with conventional drills, reams, curates, rongours, suction devices, etc. to form a

borehole through the vertebral bodies and to prepare the disc space between said

bodies. It should be understood that this list is not meant to be exclusive, and other

tools or supporting devices may be used in conjunction with the described

dilator/retractor as necessary to support the surgery.



[0064] An expandable vertebral body cage system may also be used in association

with the trans-psoas approach. Embodiments of the expandable cage system are

shown in Figs. 5a to 5c. This cage system may be used in association with any disc

space or minimally invasive approach as it allows for the collapsed cage to assume a

minimal cross-section during insertion and prior to expansion.

[0065] Fig. 5a shows a side view of a collapsed interbody cage (82) having disposed

within an expandable element (84) in accordance with embodiments. Although the

cage may have features in common with the balloon-expandable stents commonly

found in the vascular field, it will be understood that since the cage is required to

maintain the disc space between the adjacent vertebral bodies it must be composed of

a material having far greater strength. As shown in Figs. 5a to 5c, in some embodiments

the cage takes the form of a cylindrical body formed of an interwoven mesh of elements

that can be collapsed and then expanded by exposure to an outward radial force.

Because the interwoven elements can be highly compressed it is possible to advance

the cage to the delivery site within the context of a minimally invasive approach through,

for example, a bent entry tube. Although one mesh design is shown in Figs. 5a to 5c, it

will be understood that numerous designs are possible that would allow expansion of

such a cage.

[0066] Although the cage (82) shown in Fig. 5a includes a substantially cylindrical

body, it should be understood that the cage may take any cross-section (either

symmetric or non-symmetric) and may incorporate changes in cross-section from its

proximal end (86) to the distal terminating end (88), such as tapering, undulations,

threading, etc. The cylindrical body is at least partially hollow allowing for the insertion

of the expandable element (84) within the body. In addition, the hollow body may be

formed to allow for the incorporation of bone graft materials, such as bone morphogenic

protein and derivatives, inside of the cage, thereby allowing the cage to be fused and

incorporated into the bony structure of the adjacent vertebrae once the cage is inserted

and expanded. The cages can likewise incorporate a removable thin sleeve that

prohibits or minimizes side leakage through the cage prior to expansion.



[0067] Although not shown, threading and cutting elements may also be disposed

along the outer surface of the cage. The threading and cutting flutes, where provided,

should be long enough to allow the cage to be screwed through the borehole formed in

the vertebral bodies and disc space with a tool such as a ratchet, driver, insertion rod,

etc. Likewise, any cutting flutes should be long enough to broach through the cartilage

of the vertebral endplates and into the bony tissue, thereby making the cage "self-

broaching", that is able to broach through the cartilaginous endplates of a vertebra on its

own, exposing subchondral bone.

[0068] Fig. 5b shows the cage (82) of Fig. 5a after expansion of the internal

expandable element (84). Any suitable expandable element may be used with the

cage. In some embodiments, the expandable element (84) is a balloon or other

inflatable member that is interconnected through a lumen (90) to a source of

pressurization. In such an embodiment, once the disc is in place the expandable

element would be pressurized, which would in turn exert a radial force on the collapsed

cage. Although a single monolithic expandable balloon element is shown in Fig. 5b, it

will be understood that the expandable element may include multiple balloons that may

be inflated simultaneously or separately through a single or multiple lumens. Moreover,

although pressurized balloons are described above, it will be understood that other

possibilities for expandable elements include resilient, mechanical and

electromechanical elements.

[0069] Finally, Fig. 5c shows the cage (82) of Figs. 5a and 5b after deflation of the

internal expandable element (84). Once deflated the expandable element may be

removed while the cage remains secured within the desired disc space. Although the

interior cavity of the cage (82) in this embodiment is shown as completely open, it

should be understood that the cage may be provided with any number and arrangement

of rigid internal members or ribs to stabilize and increase the center strength of the

generally hollow cage.

[0070] As shown in the side view of Figs. 5b and 5c, the cage (82) has fenestrations

(92), or openings, along its sides. These fenestrations allow bone graft within the main



body of the cage to exit and fuse with adjacent vertebrae outside of the cage. Although

these fenestrations are disposed as a mesh all about the perimeter of the cage in the

embodiment shown in Figs. 5a to 5c, it should be understood that they may take any

conformation along the cage. It should also be understood that these fenestrations may

be positioned anywhere along the cage body provided at least one fenestration is

disposed such that when the cage is in position the fenestration opens into the disc

space to be fused, thereby allowing the orthotic material to enter into the disc space and

fuse the adjacent vertebral bodies.

[0071] In addition to the interbody cages, a separate threaded cage-screw may be

used to stabilize the access hole drilled through the vertebral bodies and the intervening

disc space. Figs. 6a to 6c show a number of embodiments of such stabilizing screw

cages. Fig. 6a shows a side view of an exemplary threaded interbody cage screw (94)

in accordance with embodiments. The cage screw (94) includes a substantially

cylindrical body (96) that may be configured to taper from the proximal end (98) to the

distal terminating end ( 100), as shown in Fig. 5b. The cylindrical body is at least

partially hollow allowing for bone graft with biological materials, such as morphogenic

protein and derivatives, to be placed inside of the cage, thereby allowing the cage to be

fused and incorporated into the bony structure of the adjacent vertebrae once the cage

is inserted.

[0072] Regardless of the overall shape of the threaded stabilizing cage screw, a

threading ( 102) runs along the outer surface of the cage (94) from proximal to distal

ends. This threading allows the cage to be screwed through the borehole formed in the

vertebral bodies and disc space. The proximal end of end of the cage may be provided

with an engagement point (104) to allow a tool such as a ratchet, driver, insertion rod,

etc. to engage the cage and rotatively drive the cage into the borehole using the

threading. Although not shown, cutting element may also be disposed along the outer

surface of the cage. The cutting flutes, where provided, should be long enough to

broach through the cartilage of the vertebral endplates and into the bony tissue, thereby

making the cage "self-broaching", that is able to broach through the cartilaginous



endplates of a vertebra on its own, exposing subchondral bone. The interior cavity of

the cage, although not shown, may be provided with any number and arrangement of

rigid to stabilize and increase the center strength of the generally hollow cage.

[0073] As shown in the side views of Figs. 5a and 5b, the cage (94) may have

fenestrations ( 108), or openings, along its sides. These fenestrations allow bone graft

within the main body of the cage to exit and fuse with adjacent vertebrae outside of the

cage. Although in the pictured embodiment these fenestrations are disposed about m id

point along the cage, it should be understood that these fenestrations may be

positioned anywhere along the cage body provided at least one fenestration is disposed

such that when the cage is in position the fenestration opens into the disc space to be

fused, thereby allowing the orthotic material to enter into the disc space and fuse the

adjacent vertebral bodies.

[0074] In some embodiments, as shown in Fig. 5c, the cage is provided with an

additional anchoring screw ( 1 10), which is attached via an armature ( 1 12) to at least the

proximal end of the cage (94). During use, the cage would be threaded into the

borehole (as described above) and then once in final position the additional anchoring

screw ( 1 10) would be inserted into the armature and the anchored into the superior

vertebral body. The insertion of this additional anchoring screw would then prevent any

further rotation or back-out of the cage from the vertebral bodies once the cage is in its

final fusion position.

[0075] Although the above discussion has focused on particular tools for use in

association with a trans-psoas approach, it will be understood that the invention is also

directed to methods of spinal fusion using such tools. In some embodiments, the spinal

fusion method includes the insertion of an interbody cage ( 1 14) via a minimally invasive

approach. In such embodiments, the collapsed vertebral body cage ( 1 14), as shown in

Fig. 6a is inserted and inflated into a prepared disc space. As discussed above, within

this cage may be incorporated bone or ortho-biological compounds such that bridging

bone may grow within the cage to achieve arthrodesis between the adjacent vertebrae.

Once the cage is expanded, the expandable element is deflated, as shown in Fig. 5c,



and removed from within the cage. Once the interbody cage is inserted the access hole

drilled through the vertebral bodies and disc space may be stabilized using a threaded

stabilizing cage screw ( 1 16) (which may or may not include and additional stabilizing

screw ( 1 18)), as shown in Figs. 7a and 7b. Although the cages may be used in other

approaches, they may particularly be used in association with a lateral trans-psoas

surgical fusion method to fuse the space between the L-5 and S-1 vertebral bodies.

[0076] Although the above description provides an overview of a suitable minimally

invasive spinal fusion approach it should be understood that the insertion of the cage

may include many additional supporting surgical steps including:

• Dilation and then retraction of the muscle and flesh interposed between

the surgical opening (note this step may or may not include using

fluoroscopic retractor blades, as well as nerve monitoring to guide the

lumbar plexus and neural monitoring to ensure safe passage by the

exiting nerves)(as discussed above in association with Figs. 3a and 4a to

4f);

• Passing a guidance wire adjacent to the desired disc space (such a guide

wire may be anchored to ensure a secure anchor and guide point)(FIG.

3b), and using the guide wire and a series of drills to drill and ream an

opening ) to gain access to the target disc space (during this process the

interceding blood and marrow may be harvested via suction and stored, if

desired, for later use)(FIG. 3c);

• Exposing the adjacent disc space and the preparing the disc space by

performing a diskectomy (this can be done using any suitable angled

curate, pituitary rongour and suction)(FIG. 3d); and

• Inserting the expandable interbody cage, and additionally a stabilizing

cage screw (preferably packed with previously harvested bone graft or

other ortho-biological compounds) through the openings thus created to

anchor the cages into place in the disc space and drilled passage, and

securing the cages in place (FIG. 3e).



[0077] Although the above discussion provides schematics relevant to the fusion of

L-5 and S-1 , it will be understood that the technique may be used in any minimally

invasive approach where a disc replacement is desired on either single or multiple

levels.

[0078] In each of the embodiments discussed above, the tools and implants

preferably would be formed of a suitable biologically inactive material, such as, titanium,

stainless steel, alloys or carbon fiber. Alloys such as porous titanium-nickel alloy have

been shown to promote rapid tissue ingrowth and can be used herewith. Likewise, the

fenestrated walls and threadings of the cage can be cut or stamped out from metal or

absorbable biological material mesh prior to cage formation.

[0079] Although specific embodiments are disclosed herein, it is expected that

persons skilled in the art can and will design alternate embodiments and methods that

are within the scope of the following claims either literally or under the doctrine of

equivalents.



WHAT IS CLAIMED IS:

1. A method for performing a lateral trans-psoas spinal fusion procedure

comprising:

forming a surgical opening and passageway through the lumbar plexus at the

fusion site;

forming an opening in the lateral edge of a primary vertebral body to allow

access to the disc space between the primary vertebral body and an adjacent vertebral

body;

exposing the bony endplate of the adjacent vertebral body;

preparing and distracting the disc space between the primary and adjacent

vertebral bodies;

inserting an interbody cage through the primary vertebral body and the disc

space, and anchoring the cage in at least the primary and adjacent vertebral bodies;

expanding the interbody cage into the disc space; and

inserting a cage screw to stabilize the primary vertebral body and an adjacent

vertebral body.

2 . The method of claim 1, wherein the primary vertebral body is superior to the

adjacent vertebral body, and wherein the opening is formed in the superior lateral edge

of the superior vertebral body and the cage anchored in at least the superior bony

endplate of the inferior vertebral body.

3 . The method of claim 1, wherein the cage incorporates bone or ortho-biological

compounds.

4 . The method of claim 1, wherein the superior vertebral body is L-5 and the inferior

vertebral body is S-1 , and wherein the surgical and opening and passageway proceeds

through the lumbar plexus.



5 . The method of claim 1, further comprising dilating and retracting tissue disposed

between the surgical opening and the insertion point of the cage at the primary vertebral

body.

6 . The method of claim 5, wherein the step of dilating and retracting tissue includes

the use of a retractor having a plurality of separable retractor blades.

7 . The method of claim 5, wherein the step of dilating and retracting tissue includes

the use of nerve monitoring.

8 . The method of claim 5, wherein the step of dilating and retracting tissue includes

the use of fluoroscopic retractor blades.

9 . The method of claim 1, further comprising inserting a guidance wire through the

primary vertebral body and the adjacent disc space and into the adjacent vertebral

body.

10 . The method of claim 1, wherein the step of forming an opening in the lateral edge

of the primary vertebral body comprises drilling and reaming.

11. The method of claim 9, wherein the drilling and reaming occurs along a guidance

wire.

12 . The method of claim 9, wherein the drilling and reaming further comprises

harvesting blood and marrow via suction.

13 . The method of claim 1, wherein the primary vertebral body is inferior to the

adjacent vertebral body, and wherein the opening is formed in the inferior lateral edge of



the inferior vertebral body and the cage anchored in at least the inferior bony endplate

of the superior vertebral body.

14. The method of claim 1, wherein the fusion occurs across multiple vertebral

bodies.

15 . A dilator/retractor for use in association with a trans-psoas spinal fusion

procedure comprising an elongated body formed of a plurality of detachably

interconnected blades, wherein the blades when detached are movable radially outward

relative to each other.

16 . The instrument set of claim 15, wherein the blades are formed of a fluoroscopic

material.

17 . The instrument set of claim 15, wherein the assembled blades form a conical

elongated body.

18 . The instrument set of claim 15, wherein the conical body includes a passageway

through which a guidance wire may be passed.

19 . The instrument set of claim 15, wherein each of the retractor blades are radially

deformable at, at least one end thereof.

20. The instrument set of claim 19, further comprising a wire pin for securing the

retractor blade in position.

2 1 . A stabilizing cage screw for use in association with a trans-psoas spinal fusion

procedure comprising an elongated cylindrically tapered body having proximal and

distal ends;



wherein the proximal end has disposed therein a portion for mating with a

suitable drive mechanism; and

wherein the outer surface of the interbody cage incorporates threading.

22. The cage screw of claim 2 1 , further comprising a plurality of cutting elements

disposed along the outer surface of the cage.

23. The cage screw of claim 2 1 , further comprising at least one fenestration in the

outer wall thereof, the at least one fenestration.

24. The cage screw of claim 2 1 , further comprising an anchoring screw

interconnected with the proximal end of the interbody cage, the anchoring screw being

configured to engage a primary vertebral body in a trans-psoas spinal fixation

procedure.

25. An expandable interbody cage for use in association with a trans-psoas spinal

fusion procedure comprising:

a cage body formed of a deformable wire mesh;

an expandable body capable of expanding radially outward disposed within the

body of the cage, such that the cage expands from a compressed state to an expanded

state under the influence of the expandable body; and

wherein the expandable body is a balloon having a lumen through which a

pressurizing fluid may be fed to affect expansion of said expandable body.
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