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DEVICES AND METHODS FOR FRACTURE REDUCTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. provisional patent

application Serial No. 61/073,184 filed June 17, 2008, the disclosure of which is being

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field of orthopedic devices to treat

fractured bone in the spine, and more particularly to an orthopedic instrument and implant

system that can be used to facilitate bone cement treatment of a vertebral compression fracture.

BACKGROUND OF THE INVENTION

[0003] There are many disease states that cause bone defects in the spinal column. For

instance, osteoporosis and other metabolic bone conditions weaken the bone structure and

predispose the bone to fracture. If not treated, certain fractures and bone defects of the

vertebral body may produce intolerable pain, and may lead to the development of deformity

and severe medical complications.

[0004] Bone weakening may also result from benign or malignant lesions of the spinal

column. Tumors often compromise the structural integrity of the bone and thus require surgical

stabilization and repair of defects with biocompatible materials such as bone grafts or cements.

Bone tumors of the spine are relatively common, and many cause vertebral compression

fracture.



[0005] More than 700,000 osteoporotic compression fractures of the vertebrae occur each

year in the United States —primarily in the elderly female population. Until recently, treatment

of such fractures was limited to conservative, non-operative therapies such as bed rest, bracing,

and medications.

[0006] One surgical technique for treating vertebral compression fracture can include

injecting or filling the fracture bone or bone defect with biocompatible bone cement. A

relatively new procedure known as "vertebroplasty" was developed in the mid 1980's to

address the inadequacy of conservative treatment for vertebral body fracture. This procedure

involves injecting radio-opaque bone cement directly into a fracture void, through a minimally

invasive cannula or needle, under fluoroscopic control. The cement is pressurized by a syringe

or similar plunger mechanism, thus causing the cement to fill the void and penetrate the

interstices of a broken trabecular bone. Once cured, the cement stabilizes the fracture and

eliminates or reduces pain. Bone cements are generally formulations of non-resorbable

biocompatible polymers such as PMMA (polymethylmethacrylate), or resorbable calcium

phosphate cements which allow for the gradual replacement of the cement with living bone.

Both types of bone cements have been used successfully in the treatment of bone defects

secondary to compression fractures of the vertebral body.

[0007] One technique which has gained popularity in recent years is a modified

vertebroplasty technique in which a "balloon tamp" is inserted into the vertebral body via a

cannula approach to expand or distract the fractured bone and create a void within the

cancellous structure. Balloon tamps are inflated using pressurized fluid such as saline solution.

The inflation of a balloon membrane within the bone produces radial expansion forces on the

surface of the membrane and forms a cavity in the bone. When deflated and removed, the

membrane leaves a cavity that is subsequently filled with bone cement. The formation of a



cavity within the bone allows for the injection of more viscous cement material, which may be

relatively less prone to leakage.

[0008] In certain instances, such as the treatment of acute or mobile fractures, the balloon is

also effective at "reducing" the fracture and restoring anatomic shape to a fractured body. In

particular, balloon dilatation in bone is maximally effective if the balloon device is targeted

inferior to, or below, the fracture plane. In this instance, the balloon dilatation may distract, or

lift, a fracture bone fragment, such as the vertebral body endplate.

[0009] One limitation to the use of such balloon dilatation has been the difficulty in

effectively targeting the location within the bone at which the cavity should be created prior to

dilatation of the balloon. In the specific case of vertebral body fracture, there are anatomical

challenges to targeting with minimally invasive instrumentation. Safe passage of instruments

and balloon catheters from the posterior surgical approach is generally achieved through a

straight cannula positioned within the pedicle of the vertebral body, or just lateral to the pedicle

to avoid potentially dangerous penetration of the cannula in the spinal canal. This anatomically

defined trajectory often does not align with, or target, the fracture within the vertebral body.

This limits the effectiveness of such techniques in effectively targeting a fracture.

SUMMARY OF THE INVENTION

[0010] Devices and methods including curving drill devices and curving reamer devices

have been developed to improve the targeting of a fracture and forming a cavity in a more

anatomically desirable location. See, for example, U.S. Patent Application No. 11/957,022 to

Crainich et al., the disclosure of which is being incorporated herein by reference in its entirety.

The purpose of the present disclosure is to define improvements in vertebroplasty instrument



systems to facilitate targeting of a fracture, including novel devices and methods for distracting

broken bone fragments, create a cavity, and/or treating the fracture with bone cement injection.

[0011] The present invention is directed, in one embodiment, towards novel methods and

devices for preparing a cavity in bone, and/or distracting broken bone fragments. In one

embodiment, the methods and devices disclosed herein can allow a cavity to be created in a

vertebral body along a curvilinear pathway which has been targeted, for example, to a location

including broken bone fragments.

[0012] On aspect of the invention includes a method of forming a curvilinear void in a

bony structure, such as, but not limited to, a vertebral body. The method may include the steps

of accessing a bony structure with a cannula, inserting a distal end of a drill device through the

cannula and into the bony structure, and manipulating the distal end of the drill device to create

a curvilinear void in the bony structure. The method may further include enlarging the void by

expanding a balloon element mounted to the drill device and thereafter deflating the balloon

element and removing the drill device from the cannula. In one embodiment the balloon

element is expanded by fluid pressure.

[0013] The step of manipulating of the distal end of the drill device may include a

simultaneous rotation and curvilinear translation of the distal end of the drill device. The

cannula may be substantially straight or at least partially curvilinear. The drilling device may

include a flexible drill shaft assembly. In one embodiment, the flexible drill shaft assembly

includes a sharp cutting tip, a flexible rotatable drive shaft coupled to the tip, and a flexible,

moveable and non-rotatable housing.



[0014] The drilling device may also include a locking means. In one embodiment the

method may also include the steps of locking the drill device into the cannula using the locking

means prior to forming the void and unlocking the drill device from the cannula after forming

the void and prior to removing the distal end of the drill device. The drill device may be

manipulated in response to a rotation of an element at a proximal end of the drill device. One

embodiment of the method may also include the step of reaming the void produced by at least

one of drilling and balloon expansion.

[0015] Another aspect of the invention may include an apparatus for forming a curvilinear

void in bony structure. The apparatus may include a curvilinear drilling device with an

expandable balloon element located at a distal portion of the drilling device. In one

embodiment, the balloon element is expanded by injection of a fluid into an interior portion

thereof.

[0016] In one embodiment the apparatus may also include a lumen in fluid communication

with the balloon element. The drilling device may include a handle and a flexible drill shaft

assembly extending from a distal end of the handle. The drill shaft assembly may include a

cutting tip located at a distal end of the flexible drill shaft assembly, a flexible rotatable drive

shaft coupled to the tip, and a flexible, moveable and non-rotatable housing. The cutting tip

may be adapted to form the curvilinear void by simultaneous rotation and curvilinear

translation of the cutting tip.

[0017] In one embodiment, the balloon element is located substantially proximate to a

distal end of the flexible, moveable and non-rotatable housing. In one embodiment, the balloon

element may be mounted to a multi-lumen assembly mounted to the drilling device. The multi

lumen assembly may include a first lumen adapted to surround an elongate shaft of the drilling



device and a second lumen in fluid communication with the balloon element. The multi-lumen

assembly may be removably or fixedly mounted onto the drilling device. The drill device may

include at least one pull wire for applying a curvature to a distal end thereof. The drill device

may further include at least one stiffening wire.

DESCRIPTION OF THE DRAWINGS

[0018] In the drawings, like reference characters generally refer to the same parts

throughout the different views. Also, the drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the

following description, various embodiments of the present invention are described with

reference to the following drawings, in which:

[0019] FIG. IA is a schematic plan view of a Jamshidi needle and K-wire, used in

accordance with one embodiment of the invention;

[0020] FIG. IB is a picture of a Jamshidi needle being inserted into a patient, in accordance

with one embodiment of the invention;

[0021] FIG. 2A is schematic perspective view of a trocar, used in accordance with one

embodiment of the invention;

[0022] FIG. 2B is schematic perspective view of a cannula, in accordance with one

embodiment of the invention;

[0023] FIG. 2C is another schematic perspective view of the cannula of FIG. 2B;

[0024] FIG. 2D is a schematic perspective view of a trocar inserted with the cannula of

FIG. 2B, in accordance with one embodiment of the invention;

[0025] FIG. 2E is a schematic plan view of a cannula, in accordance with one embodiment

of the invention;



[0026] FIG. 2F is a picture of a trocar and cannula being inserted into a patient, in

accordance with one embodiment of the invention;

[0027] FIG. 3A is an exploded schematic perspective view of a drill assembly, in

accordance with one embodiment of the invention;

[0028] FIG. 3B is a schematic perspective view of the drill assembly of FIG. 3A;

[0029] FIG. 3C is a schematic side view of the drill assembly of FIG. 3A;

[0030] FIG. 3D is a schematic end view of the drill assembly of FIG. 3A;

[0031] FIG. 3E is a schematic perspective view of another drill assembly, in accordance

with one embodiment of the invention;

[0032] FIG. 3F is a schematic perspective view of the drill assembly of FIG. 3E inserted

within a cannula, in accordance with one embodiment of the invention;

[0033] FIG. 3G is a sectional side view of the drill assembly of FIG. 3E inserted within a

cannula;

[0034] FIG. 3H is an enlarged sectional side view of the distal end of the drill assembly of

FIG. 3E;

[0035] FIG. 31 is an enlarged sectional side view of the proximal end of the drill assembly

of FIG. 3E inserted within a cannula;

[0036] FIG. 3J is a schematic plan view of a drill assembly, in accordance with one

embodiment of the invention;

[0037] FIG. 3K is a picture of a drill assembly being inserted into a patient, in accordance

with one embodiment of the invention;

[0038] FIG. 4A is a schematic perspective view of a reamer assembly, in accordance with

one embodiment of the invention;



[0039] FIG. 4B is a schematic perspective view of the reamer assembly of FIG. 4A inserted

within a cannula, in accordance with one embodiment of the invention;

[0040] FIG. 4C is a sectional side view of the reamer assembly of FIG. 4A inserted within a

cannula;

[0041] FIG. 4D is an enlarged sectional side view of the distal end of the reamer assembly

of FIG. 4A;

[0042] FIG. 4E is an enlarged sectional side view of the proximal end of the reamer

assembly of FIG. 4A inserted within a cannula,;

[0043] FIG. 4F is a schematic plan view of a reamer assembly, in accordance with one

embodiment of the invention;

[0044] FIG. 4G is a picture of a reamer assembly being inserted into a patient, in

accordance with one embodiment of the invention;

[0045] FIG. 5A is a schematic perspective view of a needle being inserted into a vertebral

body, in accordance with one embodiment of the invention;

[0046] FIG. 5B is a schematic perspective view of a drill assembly being inserted through a

cannula into a vertebral body, in accordance with one embodiment of the invention;

[0047] FIG. 5C is a schematic perspective view of a reamer assembly being inserted

through a cannula into a vertebral body, in accordance with one embodiment of the invention;

[0048] FIG. 6A is a schematic side view of a drill assembly with a lever and drill cam, in

accordance with one embodiment of the invention;

[0049] FIG. 6B is a schematic perspective view of the drill assembly of FIG. 6A;

[0050] FIG. 6C is a schematic end view of the drill assembly of FIG. 6A;

[0051] FIG. 6D is a schematic side view of the handle of the drill assembly of FIG. 6A;



[0052] FIG. 6E is a schematic cross-sectional side view of the handle of the drill assembly

of FIG. 6A through a central elongate axis of the drill assembly;

[0053] FIG. 7A is a schematic side view of a slotted tube sub-assembly for a drilling device

with a balloon element mounted thereto, in accordance with one embodiment of the invention;

[0054] FIG. 7B is a cross-sectional side view of the distal end of the slotted tube sub-

assembly of FIG. 7A with the balloon element in a deflated configuration;

[0055] FIG. 7C is a cross-sectional side view of the distal end of the slotted tube sub-

assembly of FIG. 7A with the balloon element in an inflated configuration;

[0056] FIG. 7D is another cross-sectional side view of the distal end of the slotted tube sub-

assembly of FIG. 7A with the balloon element in a deflated configuration, including the

sections A—A and B—B;

[0057] FIG. 7E is a cross-sectional end view of the slotted tube sub-assembly of FIG. 7A at

section A—A;

[0058] FIG. 7F is a cross-sectional end view of the slotted tube sub-assembly of FIG. 7A at

section B—B showing the deflated balloon element and radial expansion of the balloon wall;

[0059] FIG. 8A is a schematic side view of a drill assembly with balloon element, in

accordance with one embodiment of the invention;

[0060] FIG. 8B is a cross-sectional bottom view of the drill assembly and balloon element

of FIG. 8A through section A - A;

[0061] FIG. 8C is a cross-sectional end view of the drill assembly and balloon element of

FIG. 8A through section B - B;

[0062] FIG. 8D is a schematic side view of a drill tip and shaft for the drill assembly of

FIG. 8A;



[0063] FIG. 8E is a cross-sectional bottom view of the drill tip and shaft of FIG. 8D

through section C - C;

[0064] FIG. 8F is a cross-sectional side view of a pull-wire and band for the drill assembly

and balloon element of FIG. 8A;

[0065] FIG. 8G is a cross-sectional end view of the pull-wire and band of FIG. 8F through

section D - D;

[0066] FIG. 8H is a schematic perspective view of a lead-screw and key for the drill

assembly and balloon element of FIG. 8A;

[0067] FIG. 81 is a schematic side view of the lead-screw and key of FIG. 8H;

[0068] FIG. 8J is a cross-sectional bottom view of the lead-screw and key of FIG. 8H

through section E - E;

[0069] FIG. 9A is a schematic side view of another drill assembly with balloon element, in

accordance with one embodiment of the invention;

[0070] FIG. 9B is a cross-sectional bottom view of the drill assembly and balloon element

of FIG. 9A through section A - A;

[0071] FIG. 9C is a cross-sectional end view of the drill assembly and balloon element of

FIG. 9A through section B - B;

[0072] FIG. 9D is a schematic side view of a drill tip and shaft for the drill assembly of

FIG. 9A;

[0073] FIG. 9E is a cross-sectional bottom view of the drill tip and shaft of FIG. 9D

through section C - C;

[0074] FIG. 9F is a cross-sectional side view of a pull-wire and band for the drill assembly

and balloon element of FIG. 9A;



[0075] FIG. 9G is a cross-sectional end view of the pull-wire and band of FIG. 9F through

section D - D ;

[0076] FIG. 9H is a schematic perspective view of a lead-screw and key for the drill

assembly and balloon element of FIG. 9A;

[0077] FIG. 91 is a schematic side view of the lead-screw and key of FIG. 9H;

[0078] FIG. 9J is a cross-sectional bottom view of the lead-screw and key of FIG. 9H

through section E - E ;

[0079] FIG .1OA is a schematic side view of a drill assembly with balloon element and

slotted deflection shaft, in accordance with one embodiment of the invention;

[0080] FIG. 1OB is a schematic top view of the drill assembly of FIG. 1OA;

[0081] FIG. 1OC is a cross-sectional end view of the drill assembly of FIG. 1OA through

section C - C ;

[0082] FIG. 1OD is an enlarged schematic top view of the balloon element of FIG. 1OA at

section A ;

[0083] FIG. 1OE is a cross-sectional end view of the drill assembly of FIG. 1OA through

section B - B;

[0084] FIG. 1OF is a schematic side view of a slotted deflection shaft for the drill assembly

of FIG. 1OA;

[0085] FIG. 1OG is a schematic end view of the slotted deflection shaft of FIG. 1OF;

[0086] FIG. 1OH is an enlarged schematic side view of the slotted deflection shaft portion

at section D ;

[0087] FIG. 101 is a schematic top view of a puller element for the drill assembly of FIG.

1OA;

[0088] FIG. 10J is a schematic side view of the puller element of FIG. 101;



[0089] FIG. 1OK is a schematic end view of the puller element of FIG. 101;

[0090] FIG. 1OL is a schematic side view of a drill tip and shaft for the drill assembly of

FIG. 1OA;

[0091] FIG. 1OM is a cross-sectional bottom view of the drill tip and shaft of FIG. 1OL

through section F - F;

[0092] FIG. ION is a schematic side view of a lead-screw and key for the drill assembly of

FIG. 1OA;

[0093] FIG. 1OO is a cross-sectional bottom view of the lead-screw and key of FIG. ION

through section G - G;

[0094] FIG. 1IA is a schematic side view of another drill assembly with balloon element

and slotted deflection shaft, in accordance with one embodiment of the invention;

[0095] FIG. 1IB is a cross-sectional bottom view of the drill assembly of FIG. 1IA through

section F - F;

[0096] FIG. 11C is a schematic top view of the drill assembly of FIG. 1IA;

[0097] FIG. 1ID is an enlarged schematic top view of the balloon element of FIG. 1IA at

section A;

[0098] FIG. 1IE is a cross-sectional end view of the drill assembly of FIG. 1IA through

section B - B;

[0099] FIG. 1IF is a cross-sectional end view of the drill assembly of FIG. 1IA through

section C - C ;

[0100] FIG. 1IG is a schematic top view of a slotted deflection shaft for the drill assembly

of FIG. HA; and

[0101] FIG. 1IH is a side view of the slotted deflection shaft of FIG. 1IG.



DETAILED DESCRIPTION OF THE INVENTION

[0102] To maximize the effectiveness of balloon dilation within a fractured bone to cause

distraction of the bone fragments, it may be beneficial to more effectively target the location

within the bone prior to dilatation of the balloon. In the specific case of vertebral body

fracture, there are anatomical challenges to targeting with minimally invasive instrumentation.

Safe passage of instruments and balloon catheters from the posterior surgical approach is

generally achieved through a straight cannula positioned either within the pedicle of the

vertebral body or just lateral to the pedicle to avoid potentially dangerous penetration of the

cannula in the spinal canal. This anatomically defined trajectory often does not align with, or

target, the fracture within the vertebral body. Therefore, prior techniques are limited in their

ability to effectively target the fracture.

[0103] Limitations in current balloon expanding techniques may be overcome through use

of a drill device that curves to the central portion of the vertebral body, where, for example,

displaced fragments most often occur, and where the benefits of distraction can be clinically

realized. In addition, the expansion of a balloon element at this targeted location may be used

to form a beneficial bone cavity defined, for example, by compacted bone fragments along its

margins. In one embodiment, the compacted bone may provide a beneficial barrier to contain

liquid cement material injected within the cavity. The containment and/or restriction of cement

flow is desired to avoid complication associated from cement leakage in its liquid state beyond

the vertebral body.

[0104] A second benefit of cavity formation is the ability to deploy an implant that can

provide beneficial containment or partial containment of liquid cement to prevent cement

leakage. One novel device, an implantable cement-directing stent device, is disclosed in U.S.

Patent Publication No. 2005/0261781 Al to Sennett et al., the disclosure of which is



incorporated herein by reference in its entirety. The implantable cement-directing stent device

provides a means for temporarily stabilizing a fractured vertebral body after cavity creation

and/or during cement injection, while also directing the flow of cement anteriorly within the

vertebral body to prevent unwanted cement flow near the spinal canal.

[0105] Surgical techniques following initial percutaneous access, and devices used to

achieve improved access and therapeutic treatment of vertebral compression fracture, are

described below.

Needle

[0106] In one embodiment of the invention, access to the vertebral body can be achieved

using a pointed needle or wire to pierce the skin and underlying tissue and entering into the

pedicle, a depression of the vertebral body, until the needle is held fast. The needle can then be

pressed into the vertebral body until it is held firmly in place by the wall of the vertebral body.

The needle can then become a guide for the placement of subsequent devices.

[0107] In an example embodiment of the invention, a Jamshidi needle and K-wire

arrangement can be used to provide a guide for placement of subsequent devices into the

vertebral body. A Jamshidi Needle is a long, tapered combination needle and drill that can be

used for insertion into bone. An example Jamshidi needle and K-wire can be seen in FIG. IA.

Here, the Jamshidi needle 110 can include a tapered distal end 120 and a handle 130 at its

proximal end. The elongate Jamshidi needle 110 can be hollow, to allow insertion of the K-

wire 140 through the needle 140.

[0108] In operation, the tapered distal end 120 is inserted through the skin and underlying

tissue and pressed against the outer wall of the vertebral body. The K-wire 140 can then be

inserted through the hollow elongate needle 110 such that the distal end of the K-wire is forced



against the wall of the vertebral body. The Jamshidi needle 110 and K-wire 140 can be forced

into the wall of the vertebral body to any depth appropriate for the procedure. The Jamshidi

needle 110 can then be removed, leaving the K-wire 140 in place to act as a guide needle for

the placement of subsequent devices. An example of a Jamshidi needle 110 and K-wire 140

inserted through the skin and underlying tissue of a patient can be seen in FIG. IB. In

alternative embodiments, any appropriate needle type or other device may be used to provide

initial access to the vertebral body.

Cannula & Trocar

[0109] In one embodiment of the invention, access to the vertebral body can be achieved

through the use of a trocar and cannula assembly. This trocar and cannula assembly can be

inserted over an already inserted guide wire or needle, such as the K-wire described above, or

be inserted directly without the need for a guide wire.

[0110] One embodiment of a trocar and cannula assembly is shown in FIGS. 2A-2F. In

this embodiment, the trocar and cannula assembly 200 can include a trocar 210 and a cannula

220. An example trocar 210 is shown in FIG. 2A. In this embodiment, the trocar 210 includes

a hollow shaft 230 with a sharpened tip 240, and an impact handle 250 or knob coupled to the

hollow shaft 230. The impact handle 250 also has a cylindrical locking flange 260, for

releasable interlocking with the cannula 220. The trocar 210 can be configured to fit over a

guide wire or needle.

[0111] An example cannula 220 is shown in FIGS. 2B and 2C. The hollow cannula 220

can include a thin walled straight tube 270 and a handle 275 with a locking feature 280 attached

to the hollow tube 270. The locking feature can include a button, slide, latch, or other

appropriate mechanism for releasable engagement with a flange. In the embodiment of FIGS.



2B and 2C, the locking feature 280 includes a locking slide 280 and a locking slide latch 295,

wherein the locking slide latch 295 is configured to engage with the locking slide 280 and

releasably hold the locking slide 280 in either a closed or open position. The thin walled tube

270 can also have a slot 285 along its axis on the proximal side that is continuous with a slot

290 in the handle 275. The tube slot 285 and the handle slot 290 can be used for instrument

orientation or drills, reamers, etc. disposed in the cannula 220.

[0112] The handle 275 may be coupled to the thin walled straight tube 270 of the cannula

220 by any appropriate means, including, but not limited to, bonding, pressure fitting,

threading, or any combination thereof. The handle 275 may be a plastic, metal, or any other

suitable material. The handle 275 can include a locking feature for releasable retention of an

instrument placed within the cannula 220. In one embodiment, the handle 275 can include a

number of holes through its length, fitted with stainless steel rods, that may be used by the

surgeon, under fluoroscopy, for circumferential orientation of the handle 275 and the cannula

220 to ensure the desired relationship between the cannula 220 and the vertebral body.

[0113] In one embodiment, the trocar 210 fits within the thin walled straight tube 270 of the

cannula 220, and releasably locks to the locking feature 280 of the cannula 220 via the locking

flange 260. When locked together, the sharp tip 240 of the trocar 210 can protrude beyond the

end of the thin walled straight tube 270 of the cannula 220. In an alternative embodiment, the

cannula may include a flexible hollow tube, or a curved hollow tube, allowing the cannula to be

placed over a curved guide wire or other curved object.

[0114] In use, the trocar 210 and the cannula 220 may be deployed over a guide needle or

wire and pressed into the vertebral body, with the trocar 210 providing the displacement and/or

cutting means needed to force the cannula through the skin and underlying tissue of a patient



and up against, and possibly through, the wall of a vertebral body. The guide wire may be a K-

wire 140 as described above, or be any other appropriate needle, piercer, or guiding wire

element. Once the cannula 220 is inserted through the outer wall of the vertebral body, the

trocar 210 and guide needle can be removed, leaving the hollow cannula 220 in place as an

access passageway for subsequent instruments and tools.

[0115] An example of a trocar 210 and guide wire 140 inserted through a cannula 220 can

be seen in FIG. 2D. In FIG. 2D, the impact handle 250 of the trocar 210 is releasably coupled

to the handle 275 of the cannula 220 by the locking feature 280. In one embodiment, the trocar

tip 240 can protrude beyond the end of the thin walled straight tube 270 of the cannula 220 and

can be rotated relative to the cannula tube 270, if desired. The entire trocar 210 and cannula

220 assembly is placed over the guidewire 140, that was previously inserted into the vertebral

body. In one embodiment, a small mallet can be used to tap the trocar 210 to enlarge the hole

until the cannula 220 is pressed into the vertebral body to a desired depth. The trocar 210 can

then be unlatched from the handle 275 and withdrawn. At this point, the needle or guidewire

295 can also removed, leaving the cannula 220 in place and held immovably by the wall of the

vertebral body.

[0116] An example embodiment of a cannula 220 and handle 275 can be seen in FIG. 2E.

An example of this cannula 220 inserted into a patient can be seen in FIG. 2F.

Curved Drilling Device

[0117] In one embodiment of the invention, once the cannula is in place, the next step is to

drill a curved hole in the vertebral body. The drilling function is achieved by the use of a

curved drilling device. Example curved drilling devices are shown in FIGS. 3A-3I. In one



embodiment, the curved drilling device may include a balloon element, as shown and discussed

below for FIGS. 7A-7F.

[0118] In one embodiment of the invention, as shown in FIGS. 3A and 3B, the curved drill

device 300 can include a drive handle 305, a sharp tip 310 attached to a flexible torque

transmitting drive shaft 315, and a handle drive assembly 320. The flexible drive shaft 315 can

be secured and contained by a spring loaded, flexible, slotted metal tube 322 having a

feedscrew assembly 324 attached therewith. The proximal end of the drive shaft 315 can

include a solid tube 326 bonded, or otherwise coupled, to the flexible shaft 315 component and

having sufficient torque transmission capability to drive the shaft assembly. The rotating

shaft/sharp tip 310 assembly can further be coupled to the handle assembly 320 by a cross pin

328, or other appropriate device, which can engage with a nut 344 located within the handle

305 and threaded onto the feedscrew assembly 324.

[0119] The handle drive assembly can include a number of components to actuate the

curving drill, including, but not limited to, a cap 330 for the handle, a clamp 332 for the torque

tube, a locking element 334 for the torque tube, and a retainer element 336 for the torque tube.

The retainer element 338 can be coupled to a spring element 340 to provide a spring force to a

band or other element configured to provide a force to the distal portion of the flexible drive

shaft 315 and slotted metal tube 322 to produce the correct curvature at the distal end of the

drill 300.

[0120] One embodiment of the invention can include an inner tube sized to slide within the

outer slotted tube. This inner tube can have an extensive laser cut opening along its distal

portion. When assembled, the reduced cross section of this section of the inner tube lies

adjacent to the slotted portion of the outer tube along the inside or concave side of the slotted



tube. A compression spring of optimized stiffness can be coupled to the inner tube and the

outer slotted tube at the proximal end by a lock washer, or other appropriate mechanism, that

can be secured to a slot in the proximal end of the inner tube. When the washer is engaged, a

tensile force is induced on the inner tube which causes the outer tube assembly to bend at the

distal end. Upon bending, the slots on the medial side, which have been designed with

gradually decreasing depth to encourage sequential distal to proximal deflection, can close.

Therefore, when fully assembled under load of the spring, the outer slotted metal tube can

assume a curved orientation with a desired radius of curvature. Since the slotted metal tube is

itself flexible being made from hard temper stainless steel, or other appropriate material, it can

be straightened against the force of the spring to pass through a straight cannula.

[0121] In one embodiment, the drive handle of the drill 300 can be a two part assembly

featuring a grip feature suitable to allow manual rotation, coupled to a rotator component

having locking flange. The locking flange can be designed to mate with the locking feature of

a cannula handle to prevent axial movement but allow rotation. The rotator component can

have a female thread throughout its length which can mate with a feedscrew slotted tube

assembly. The feedscrew and a key are welded, or otherwise coupled, to the proximal end of

the slotted tube.

[0122] When assembled to the hollow cannula, the key component 342 can slideably mate

with the hollow cannula axial slot, which can rotationally lock the drill's curved slotted tube

322 in a preferred circumferential orientation. Therefore, when the handle assembly is rotated,

the slotted tube advances in a fixed rotational orientation relative to the handle assembly at a

pace equal to the thread pitch of the feedscrew. The rotating flexible drive shaft assembly,

which is axially constrained within the slotted metal tube 322, also advances with the pitch of

the feedscrew. The sharp rotating tip 310, by the combined forces of the feedscrew advance



and internal spring force curving the shaft, cuts and advances on a curved helical path when the

handle is rotated. Conversely, when the handle is counter rotated, the sharp tip retracts along

the same curved helical path. If the lock engaging the curved drill is disassembled from the

cannula, the device may be slideably removed from the cannula.

[0123] In operation, the distal end of the curved tube 322 of the drill can be slotted,

perforated, composed of a different and or thinner material, or otherwise adapted to promote

bending of the distal end. Any appropriate material, such as stainless steel, aluminum, or other

metal, or a plastic or composite material may be used for the drilling device, as long as the

material can provide sufficient strength, flexibility, resiliency, and resistance to fatigue. In one

embodiment, different components of the drilling device can be constructed from different

materials, including any of the materials described herein.

[0124] Another example of a curved drilling device is shown in FIGS. 3E-3I. As shown in

FIG. 3E, the curved drilling device 360 can include a drill tip 362, a drill shaft 364 with a

slotted portion 366 at the distal end for bending, an orientation key 368, a drill feed unit 370

complete with a locking flange 372 and a handle 374 for rotation.

[0125] The curved drilling device 360 releasably attached to a cannula and handle assembly

220 is shown in FIG. 3F. In one embodiment of the invention, when the curved drilling device

360 is initially installed into the cannula 376, the protrusion is only that of the drill tip beyond

the cannula and as such, the slotted portion of the drill shaft is contained in the cannula and is

therefore straight and not curved. The distal end of the drilling device 360 is free to curve once

it has been deployed beyond the distal end of the cannula.



[0126] A cross-section of the curved drilling device 360, depicting the internal mechanisms

of the system, is shown in FIG. 3G. More detailed enlarged cross-sectional diagrams are

provided in FIGS. 3H and 31. In FIG. 3H the distal end of the drill unit is illustrated. In this

embodiment, the drill tip 362 can be welded, bonded, threaded, or otherwise coupled, to a

cabled torque tube 378 that provides rotation of the tip 362. The torque tube 378 may be an

array of wires wound in a helical, circular manner that provides torque strength with the

flexibility to "go around the corner" to deliver the necessary power to the drill tip 362 to cut

bone. A drill safety cable 380 can be coupled to the drill tip 362 to promote drill tip retrieval in

the unlikely event that it becomes detached from the cabled torque tube 378.

[0127] The slotted portion of the drill tube 366 is bent into a desired arc as it exits the

cannula. This is achieved by means of the band 382, located on the inside of the bend and

firmly attached to the drill shaft 364 at its distal end and attached to a compression spring

assembly 384 at its proximal end. As a result, the band 382 can be held under spring tension,

thus pulling on the inside of the drill shaft 364 to produce an arc, as desired.

[0128] FIG. 31 is a detailed cross section of the drill unit and handle, in accordance with

one embodiment of the invention. In one embodiment, the locking flange on the drill unit can

be retained by the locking flange of the handle. That, in turn, can be held in place by the

locking slide 280 on the handle. The locking flange component can also have an internal

thread or drill feed nut.

[0129] In one embodiment of the invention, a feed screw 386 includes a matching male

thread. The proximal end of the drill shaft can be affixed to the feed screw 386 by welding,

bonding, threading, or other means, and the feed screw 386 and drill shaft can have a key, also

attached by welding or other means, to ensure the desired circumferential orientation of the



drill shaft within the cannula 220. The key interface can align the handle plane to the plane of

the curved drill shaft. One embodiment can also include a compression spring 388 for

providing a pulling force on the band in order to bend the distal end of the drill shaft to the

desired arc. A band retention device 390 can contain the compression spring 388. The

compression can be preloaded to a desired force and the band retained to ensure that there is

always tension on the band. In one embodiment of the invention, the spring 388 may be

compressed as the band is pulled distally to allow for straightening of the drill shaft when

passing through the cannula.

[0130] In one embodiment, the torque tube 392 can go through the drill shaft and feed

screw, as well as through the band retention device, and be fastened to the handle 374 by the

torque retention device 394 that is keyed to the rotation handle 374. The drill safety cable can

go through the entire length of the torque tube and the excess can be tied into a knot.

Alternatively, a ferrule can be staked to the drill safety cable so that it does not slide out of the

torque tube inadvertently.

[0131] In operation, according to one embodiment of the invention, as the handle 374 is

rotated the pins in the handle interact with the slots in the drill feed unit and cause it to rotate.

This action causes the feed screw to move and advance the drill while rotating the drill tip 362

for cutting. This motion allows the drill tip 362 to cut a curvilinear path through the interior of

the vertebral body. The progress of the pathway can be monitored by use of a medical imaging

technique, or be measured by means of a distance scale associated with the drill and indicating

the extension of the drill tip beyond the end of the cannula. An example embodiment of a drill

assembly can be seen in FIG. 3H. An example of this drill assembly inserted into a patient can

be seen in FIG. 31.



Reamer

[0132] In one embodiment of the invention, the curved path can be created by a reamer

device in the same manner as the drill device. Alternatively, the path created by the drill device

can be enlarged by a reamer device used after the drill device has created the initial path. An

example of a reamer device is shown in FIGS. 4A-4G.

[0133] In one embodiment, the distal end of the reamer is configured for insertion through

a cannula into a vertebral body. The reamer can include an orientation key configured to mate

with a corresponding slot in the cannula to ensure that the distal end of the reamer is deployed

at the correct circumferential angular orientation. The reamer may be releasably lockable in the

cannula.

[0134] In one embodiment, the reamer can include a circumferentially partially slotted

outer tube, wherein the slots enable the distal end of the reamer to bend in a predetermined

direction. The reamer may include a band inserted within the outer slotted tube and coupled to

the distal and the proximal ends of the reamer to bend the slotted outer tube in a predetermined

direction and at a set angle. The proximal end of the band may be coupled to a compression

spring to provide a predetermined amount of flex to the distal end of the reamer, thus allowing

the distal end to be straightened while being inserted through the cannula, and then return to its

predetermined bent configuration upon being extended beyond the end of the cannula.

[0135] The reamer may include a reamer blade yoke configured to extend from the distal

end of the outer slotted tube. A reamer blade may be pivotably coupled to the reamer blade

yoke by a pivot pin. The reamer may include a cabled torque tube coupled to the reamer blade

yoke to rotate the reamer blade yoke and coupled reamer blade while the outer slotted tube

remains stationary. A cable may be extended through the cabled torque tube and coupled to the



reamer blade to provide a force to pivot the blade about the pivot point from a neutral, centered

configuration to a tilted/opened configuration. The cable may be attached, at the proximal end

of the reamer, to a compression spring. The compression spring attached to the cable can

eliminate slack in the cable and allow the angle of the reamer blade to elastically deflect from

its set angle.

[0136] In one embodiment, the proximal end of the reamer may include a handle. The

handle may include a blade opening sleeve. Rotation of the blade opening sleeve can open or

close the reamer blade with or without rotating the blade. The handle may also include a

rotation handle. Rotation of the rotation handle can rotate the reamer blade about the reamer

blade yoke. Rotation of the rotation handle can also provide a proximal movement of the distal

end of the reamer back towards the distal end of the cannula;

[0137] In operation, in one embodiment of the invention, rotation of the reamer blade,

while opening the blade, results in a semi-spherical cavity being created. Once the blade is

fully opened, rotation of the rotation handle provides a rotational movement and a proximal

movement of the reamer blade, allowing the reamer blade to follow a generally helical path to

create a curved, generally cylindrical cavity of a length determined by the amount of rotation of

the rotation handle. The proximal end of the reamer may include markings to indicate the

amount of proximal movement of the distal end of the reamer from an original, fully extended

position. Rotation of the blade opening sleeve in the opposite direction can return the reamer

blade to a neutral/centered orientation. Upon returning the reamer blade to the neutral/centered

orientation, the reamer may be unlocked and removed from the cannula.



[0138] In one embodiment, the reamer device may be similar in construction to the drill

devices described above. Both devices can have a slotted tube assembly and a flexible torque

transmitting drive shaft contained therein. Both devices can have an internal tube welded,

bonded, or otherwise coupled at the distal end, and joined by a washer and compression spring

at the proximal end. However, the reamer device can have a moveable blade disposed at its tip.

The moveable blade can be attached to a yoke by a pivot pin, and to a cable tether that is

crimped, bonded, welded, or otherwise attached to the moveable blade at a location distal to the

pivot pin.

[0139] More specifically, a reamer device 400 for enlarging the drilled cavity to a desired

diameter and curvilinear length is shown in FIG. 4A. The reamer device 400 may have

similarities to the drilling device described above in that it has a shaft 405 that is slotted at the

distal end 410 for curving, and the curving is produced by a band that is spring loaded by a

compression spring situated between the feed screw and the band retention device. In this

embodiment, the reamer device 400 includes a reamer blade 415 that is pivotably coupled to a

yoke 420 that is mounted on the distal end of the shaft 405. An orientation key 425 may be

mounted to the shaft 405 to engage with a slot in a cannula and ensure the correct

circumferential orientation of the reamer device upon insertion. At its proximal end, the reamer

device 400 can include a dual function handle 428 including rotation handle 430 for rotating

the blade 415, a blade opening sleeve 435 for deploying the blade, and a reamer feed nut 440

for moving the blade back and forward along the axis of the shaft as the blade is rotated. The

proximal end of the handle 430 may be a tubular molded component with gripping features on

its external surface. In an alternative embodiment, the handle 430 may be manufactured from

any appropriate metal, plastic, ceramic, composite material, or combination thereof. Rubber or

fabric elements may also be placed on the outer surface of the handle 430 to promote grip.



[0140] The reamer device 400 releasably attached to a cannula and handle assembly 220 is

shown in FIG. 4B. A cross section of the reamer device 400, depicting the internal

mechanisms of the system, is shown in FIG. 4C. More detailed cross-sectional diagrams are

provided in FIGS. 4D and 4E.

[0141] In one embodiment, the reamer assembly may also be retained in the cannula and

handle assembly 220 in the same manner as described above for the drilling device. The

reamer feed nut 440 may work in the same way as described above for the drilling device feed

nut. In one embodiment, a torque tube 445 can provide power for reaming (enlarging) the

drilled hole, with the torque tube 445 driving the yoke 420 that houses the pivoting reamer

blade 415. An inner cable 450 that goes through the center of the torque tube 445 can be used

to tilt or open the blade 415 from the neutral position aligned with the axis of the shaft 405 to a

deployed position at an angle to the axis of the shaft 405. The blade 415 can tilt or pivot about

a pivot pin 455 coupled to the reamer blade yoke 420. As with the drilling device above, the

curvature of the distal end of the reamer device 400 can be set by a band 460 placed within the

slotted tube 410 and held in tension by a spring element at the proximal end of the reamer

device 400. The fully deployed angle may be set at any appropriate angle. In one embodiment,

the deployment angle may be set at any angle up to 90°. For example, the fully deployed angle

may be in a range from 20° to 90°, or from 30° to 70°, or from 45° to 60°.

[0142] The curvature of the distal end may be set to any appropriate angle by correct

selection of the band length. A band retention device 462 can hold the band 460 at the

proximal end of the reamer device 400, with a compression spring 464 coupled to the band

retention device 462 to allow the shaft 405 to flex from its preferred steady state curvature

during deployment through the cannula 220 and upon contact with a "hard" element within the

vertebral body.



[0143] The reamer device 400 can include a multi-component, dual function handle. A

cross-section of an example handle is shown in FIG. 4E. In one embodiment of the invention, a

lost feed motion may be needed to open the reamer blade, while rotating the reamer handle,

with the feed system remaining still. This feature is provided by means of a blade opening

sleeve 435. In one embodiment, this may be achieved by a rotation of the handle to initially

"telescope" the handle from the blade opening sleeve 435 to pull on the center cable 450 to

open the reamer blade 415 all while no feeding motion occurs. A torque tube retention device

470 travels in an elongated slot in the rotation handle 430 so no proximal movement results.

The blade opening sleeve 435 retains a "T" screw 475 that provides the proximal movement of

the handle for blade opening and when a blade opening nut 480 stops on the head of the T

screw 475, rotation is now transferred to the reamer feed nut 440.

[0144] The reamer feed nut 440 rotation pulls the feed screw 484 proximally and at the

distal end the reamer blade is rotating and feeding proximally resulting in cutting bone and

creating a curved cavity to desired length with fluoroscopy, or other appropriate means, for

visual reference. After the desired length of cavity has been achieved, the rotating handle 430

is rotated counter to the cutting direction and the reamer blade 415 will fold back inward to the

center starting position. The reamer assembly can be unlatched from the handle and removed.

The cannula and handle assembly 220 can remain in place, however, so that further devices,

such as devices that permit the insertion of the stent and the medical cement, can be inserted

into the enlarged cavity.

[0145] The cable 450 originating from the moveable blade may be fed through the entire

assembled device and terminated and crimped, or otherwise coupled, to a cable retainer 490,

such as a cross pin assembly, that is coupled to the wall of the rotation handle 430. A spring

492 may be located within the proximal inner border of the rotation handle 430 adjacent to the



cable retainer 490. A thread may by used to couple the rotation handle 430 to the remainder of

the reamer device 400.

[0146] In one embodiment, the dual function handle 428 may induce a tensile force on the

cable tether 450 by rotating the proximal molded component relative to the distal handle

component to effectively lengthen the handle. The cable tether thereby pulls the moveable

blade 415 to cause a pivoting of the blade from a closed to an open position. The handle 428

can then cause the rotation of the flexible drive shaft assembly to rotate the blade 415 within

the cavity.

[0147] The handle assembly, including the distal and proximal components, may be further

secured to a rotator component having an internal thread mating the feedscrew component 484

of the slotted tube assembly. Thus, its function may be substantially identical to that of the

drilling device described above. However, the feedscrew rotation may not be enabled until the

reamer blade has been fully deployed via rotation of the proximal component of the handle 428.

Therefore, in one embodiment, when the rotation handle 430 is rotated, the moveable blade

assembly first rotates and deploys, then translates due to the action of the feedscrew mechanism

484. The deployed blade therefore enlarges the path to a required diameter by simultaneously

rotating and translating the blade 415. The direction of translation, in one embodiment, is

retrograde, which is achieved by the use of a left hand thread in the feedscrew 484.

[0148] In one embodiment, the blade deployment from a neutral to an open position may

only occur when the blade is rotating. In an alternative embodiment, the blade deployment

may be independent of the blade rotation. The rate of blade deployment from a closed to an

open position is dependent on the pitch of the thread which joins the proximal and distal handle

component.



[0149] In an alternative embodiment, the reamer device may be configured to drill into the

vertebral body as it is advanced, before being deployed to extend the size of the cavity, as

described above. In this embodiment, the reamer device can function as both a reamer and a

drill, thus eliminating the need for a separate drilling device.

[0150] An example of a drill assembly inserted into a patient can be seen in FIG. 5B, with

an example of a reamer assembly inserted into a patient shown in FIG. 5C. In one embodiment

of the invention the drilling devices and/or reamer devices described herein may include a

balloon element, such as a balloon catheter, at a distal portion thereof. This balloon catheter

may be configured to expand and contract, upon actuation by a user, to increase the size of the

cavity created within the bony structure. An example drill assembly including a multi-lumen

balloon catheter assembly is shown in FIGS. 7A-7F.

Curved Drilling Device with Balloon Element

[0151] In one embodiment of the invention, a drilling device including a balloon element

may be inserted through the cannula to drill a hole, such as, but not limited to, a curved hole, in

the vertebral body. Upon drilling the hole, the drilling device can position a balloon element,

located at a distal end of the drilling device, within the curved hole. This balloon element may

then be expanded, or otherwise deployed, to expand the size of the hole inside the vertebral

body. The balloon element may thereafter be retracted back to its original unexpanded state for

removal of the drilling device, thereby leaving an expanded hole within the vertebral body. An

example curved drilling device including a balloon element is shown in FIGS. 7A-7F.

[0152] In one embodiment, the drilling device may include a drilling element capable of

forming a curvilinear pathway within a bony structure. This drilling element may, in one

embodiment, be contained within one lumen of a multi-lumen balloon catheter. For example,



in one embodiment, the flexible non rotating slotted metal tube 322 of the curved drill device

300 may be located within one lumen of a multi-lumen balloon catheter, with a balloon element

located at a distal end of the catheter.

[0153] In the embodiment shown in FIGS. 7A-7F, a multi-lumen balloon catheter assembly

705 is coupled to a drilling device 710. The drilling device 710 may include a drill tip 715

located at a distal end of a hollow, non-rotating elongate slotted tube 720. The drill tip 715

may be connected to, and driven by, a torque tube 725 extending through the slotted tube 720

to a drive element located at a proximal end of the slotted tube 720. The drill tip 715 may be

connected to the torque tube 725 at a connecting location 722 by any appropriate means, such

as, but not limited to , bonding, crimping, tying, or any other appropriate mechanical, and/or

adhesive means. As described above, the drilling device 710 may additionally include

elements such as a handle (not shown), a key component 730, a feedscrew assembly 735, a

spring element 740, and a retainer element 745.

[0154] In one embodiment, the multi-lumen balloon catheter assembly 705 may be placed

over the torque tube 725 and extend along a length thereof. The multi-lumen balloon catheter

assembly 705 may include a first hollow shaft, or drill lumen, 750 configured to extend around

the torque tube 725, and a second hollow shaft, or balloon lumen, 755 extending along at least

one side of the first hollow shaft 750. At a proximal end 757, the balloon lumen 755 is

connected to a luer connection 760, such as, but not limited to, a luer lock portal, check valve,

or other connecting portal, that may be configured to releasably mate with a fluid dispensing

device 765, such as a syringe or other fluid dispensing device, for holding a fluid 767. The

fluid may include, but is not limited to, a liquid, such as a saline solution, water, a radio-opaque

contrast media, and/or any other appropriate solution, or a gas. The walls of the multi-lumen

balloon catheter assembly 705 may, in one embodiment, be sufficiently thin to allow the multi-



lumen balloon catheter assembly 705 to remain flexible and/or steerable, yet strong enough to

contain a fluid under pressure. In general, the multi-lumen balloon catheter assembly 705 may

be mounted onto, and used in conjunction with, any of the drilling devices and/or reaming

devices described herein.

[0155] The luer connection 760 may, for example, be located within a handle sub-assembly

and/or feedscrew assembly 735 of the drilling device 710. In one embodiment, the balloon

lumen 755 may pass through one or more holes in the feedscrew assembly 735 and within the

core of the handle of the apparatus so that the device may fit and lock to the access cannula.

The luer connection 760 may be located proximate to the handle in a manner that allows the

handle to rotate freely in order to drive the drill tip 715 and engage the feedscrew assembly

735. The balloon lumen 755 may provide a conduit for fluid under pressure to fill the distal

balloon end of the catheter. The balloon lumen 755 may be of a small diameter relative to the

first hollow shaft 750, which contains the drilling device 710. The balloon lumen 755 may be

incorporated within the wall of the multi-lumen balloon catheter assembly 705, or extend along

an outer or inner surface of the multi-lumen balloon catheter assembly 705.

[0156] The distal end 770 of the balloon lumen 755 includes an exit port 780 in fluid

communication with the interior 772 of a balloon element 775 located at a distal end of the

multi-lumen balloon catheter assembly 705 near the drill tip 715 of the drilling device 710.

The balloon element 775 is sealably coupled to the first hollow shaft 750 at a distal end 782 and

a proximate end 784, thereby providing a sealed balloon element 775 that may expand and

contract in response to the injection and removal of a fluid through the balloon lumen 755 and

into the interior 772 of the balloon element 775. The balloon element 775 may be sealably

connected to the first hollow shaft 750 by any appropriate mechanical and/or adhesive means,

such as, but not limited to, bonding, pressure fitting, or clamping. In an alternative



embodiment, the balloon element 775 may be attached directly to the non-rotating slotted tube

720 of the drilling device 710, with a balloon lumen 755 extending along, and optionally

attached directly to, the slotted tube 720.

[0157] In one embodiment the drilling device 710 may be slideably inserted through the

first hollow shaft 750 of the multi-lumen balloon catheter assembly 705. The multi-lumen

balloon catheter assembly 705 may, in one embodiment, be bonded, or otherwise fixedly

connected, through adhesive and/or mechanical means, to the drilling device 710 at at least one

location, or be held in location through a pressure fitting. In an alternative embodiment, the

multi-lumen balloon catheter assembly 705 may be molded, or otherwise formed, over the

drilling device 710, or be mounted onto the drilling device 710 by any other appropriate means.

The first hollow shaft 750 and/or balloon lumen 755 may be manufactured from materials

including, but not limited to, polymers, metals, such as, but not limited to, nickel titanium (i.e.

NiTi , or Nitinol), aluminum, or other appropriate metal, plastics, composite materials, or

combinations thereof, and may possess any appropriate plastic and/or elastic properties, as

appropriate. The multi-lumen balloon catheter assembly 705 may be extruded, molded,

machined, or otherwise manufactured, as appropriate. In one embodiment, the multi-lumen

balloon catheter assembly 705 may be removable, thereby allowing the drilling device 710 to

operate with or without the multi-lumen balloon catheter assembly 705.

[0158] In one embodiment, the balloon element 775 may be constructed from an elastically

deformable polymeric material such as, but not limited to, a natural or synthetic rubber

material. For example, in one embodiment, the material for the balloon element is one that will

resist puncture at inflation pressures as high as 25 atm, such as, but not limited to, polyurethane

or mylar. In its undeformed configuration, the balloon element 775 may lie flush, or

substantially flush, with the outer surface of the multi-lumen balloon catheter assembly 705,



thereby minimizing the cross-section of the multi-lumen balloon catheter assembly 705 and

drilling device 710 during insertion and removal of the distal end into the vertebral body, or

other bony structure. The balloon element 775 may then be expanded out from the surface of

the multi-lumen balloon catheter assembly 705 upon injection of a fluid through the balloon

lumen 755 and into the interior 772 of the balloon element 775. An example of a balloon

element 775 after expansion can be seen in FIGS. 7A, 7C, and 7F. Upon removal of the fluid

from the interior 772 of the balloon element 775, the balloon element 775 may return to its

original, undeformed, configuration prior to removal of the multi-lumen balloon catheter

assembly 705 and drilling device 710 from the vertebral body.

[0159] In one embodiment, the distal end 782 of the balloon element 775 may fixed

approximately 1 mm proximal to the drill tip 715 of the drilling device 710. In an alternative

embodiment the balloon element may be placed closer to, or further away from, the drill tip 715

along the elongate length of the multi-lumen balloon catheter assembly 705 and drilling device

710. In one embodiment, the balloon element 775 may be configured to form a specific shape

upon expansion, such as, but not limited to, a cylinder, sphere, oval shape, cube, or oblong

shape. This may be achieved, for example, by manufacturing the balloon element 775 from

multiple materials and/or multiple thicknesses of material, having different elastic properties,

and/or by including restraining elements within the balloon element 775 to restrain the

expansion of the balloon element 775 in certain directions.

[0160] In an alternative embodiment, the balloon element 775 may only extend over a

portion of the circumference of the multi-lumen balloon catheter assembly 705, and thereby

only expand out over a portion of the circumference of the multi-lumen balloon catheter

assembly 705 upon injection of the fluid. For example, in one embodiment, the balloon

element 775 may only extend over the inner curve of the curved distal end of the multi-lumen



balloon catheter assembly 705 and drilling device 710, and therefore only expand inwards

towards the central portion of the vertebral body upon expansion by the fluid. In a further

alternative embodiment, the balloon element 775 may extend over the entire circumference of

the multi-lumen balloon catheter assembly 705, but be restrained to only expand in one or more

directions by a restraining element, such as, but not limited to, a non-deformable cover element

attached over a portion of the balloon element 775.

[0161] In one embodiment, the multi-lumen balloon catheter assembly 705 may include a

plurality of balloon elements 775 located at different circumferential positions on the multi

lumen balloon catheter assembly 705 and/or at different locations along the length of the multi-

lumen balloon catheter assembly 705. Each of the plurality of balloon elements 775 may be in

fluid communication with a different balloon lumen 755. Alternatively, a single balloon lumen

755 may be configured to be in fluid communication with some or all of the plurality of balloon

elements 775. For example, in one embodiment, the multi-lumen balloon catheter assembly

705 may include a plurality of balloon elements 775 each located at the same distance from the

drill tip 715 and spanning a portion of the circumference of the multi-lumen balloon catheter

assembly 705. These balloon elements 775 may be expanded separately, thereby allowing the

controlled expansion of a cavity within a bony structure by different amounts in different radial

directions.

[0162] In operation, a cavity may be formed within a vertebral body or other bony

structure, such as, but not limited to, a target location within a vertebral body containing broken

bone fragments. In one embodiment, a method of creating a cavity, such as a curvilinear

cavity, within a vertebral body may include the use of a multi-lumen balloon catheter assembly

705 and drilling device 710. As the distal end of the multi-lumen balloon catheter assembly

705 and drilling device 710 are advanced into the bone, the multi-lumen balloon catheter



assembly 705 is translated to the desired target location within the bony structure. Once the

position of the drill tip 705 and balloon element 775 have been established, the fluid dispensing

device 765 may be attached to the luer connection 760 located proximal to the drill handle

assembly. The balloon element 775 may then be filled with fluid media 767 under pressure to

cause the expansion of the balloon element 775 radially from the flexible drill shaft housing, as

shown in FIGS. 7A, 7C, and 7F. Depending on the shape and material of the balloon element

775, the wall of the expanding balloon element 775 pushes or compacts surrounding bone and

contacts fractured bone fragments to cause the movement of the fragments, thereby expanding

the cavity within the bony structure to the required shape and volume. After expansion of the

balloon element 775, the fluid 767 may be removed from the balloon element 775, through

suction or any other appropriate means, and the balloon element 775 may return to its initial,

unexpanded configuration. The distal end of the multi-lumen balloon catheter assembly 705

and drilling device 710 may then be removed from the bony structure, leaving behind the

expanded cavity. Methods for inserting a drilling device into a bony structure, and

manipulating the drilling tip of the drilling device within the bony structure, are described

above for FIGS. 3A-3K.

[0163] After creation of the expanded cavity by the balloon element 775, a reaming device,

such as the reamer device 400 described above in FIGS. 4A-4G, may be inserted into the cavity

to further ream the cavity to the required shape and size prior to injection of bone cement

and/or the insertion of a stent device into the cavity. Alternatively, a reaming device may not

be required, and stent placement and/or bone cement injection may be performed immediately

after the removal of the distal end of the multi-lumen balloon catheter assembly 705 and

drilling device 710 from the bony structure.



[0164] In one embodiment, a multi-lumen balloon catheter assembly 705 and drilling

device 710 assembly may include a means of adjusting the curvature of at least a portion of the

elongate shaft of the multi-lumen balloon catheter assembly 705 and/or drilling device 710.

Such a means may include, for example, a wire tensioner connected to the distal end of the

flexible shaft of the multi-lumen balloon catheter assembly 705 and/or drilling device 710. By

applying a tension force to the wire tensioner, the shaft of the apparatus may flex to a preferred

radius. This tension force may be applied, in one embodiment, by a manually operated lever,

an integrated spring, and/or a combination in which a spring force may be modified by a dial-

able knob or manually operated lever. By controlling the flexibility of the shaft of the multi-

lumen balloon catheter assembly 705 and/or drilling device 710 at given locations, such as at

the distal end of the shaft, the shaft can be configured to preferentially buckle at a given

position, and in a given direction, upon application of a force to the wire tensioner. This may

be beneficial, for example, in guiding the distal portion of the multi-lumen balloon catheter

assembly 705 and/or drilling device 710 to a target location within a bony structure. The

flexibility of sections the shaft may be controlled through careful material selection for the

shaft, or portions thereof, through changes in thickness of portions of the shaft, and/or through

slots or other elements within the shaft configured to allow preferential buckling in one or more

set directions.

[0165] In one embodiment, a straight or curved guide wire may be removably inserted into

a hollow portion of a shaft of the multi-lumen balloon catheter assembly 705 and/or drilling

device 710 to support and/or change the curvature of at least a portion of the shaft. This guide

wire may be beneficial, for example, in assisting the apparatus in entering the bony structure

along a substantially straight or curvilinear path, and/or in holding the apparatus in a desired

curved or straight configuration prior to, during, and/or after use.



[0166] In an alternative embodiment, a multi-lumen balloon catheter assembly 705 may be

coupled to a reamer device, such as, for example, the reamer device 400 described above for

FIGS. 4A-4G. For example, regardless of surgical sequence selected, a multi-lumen balloon

catheter assembly 705 including a balloon element 775 may be mounted to the flexible shaft

housing of a reamer device in the same way as for the drilling device 710 described above, as

both the reamer devices and drilling devices described herein may incorporate a flexible shaft

housing and handle assembly.

[0167] In one embodiment, a reamer device incorporating a multi-lumen balloon catheter

assembly 705 may provide a means for creating a hole that is significantly larger in diameter

than the flexible shaft housing. In operation, one or more balloon elements may be expanded

within the bony structure after reaming of a cavity by the reaming element. As a result, by

creating a larger cavity prior to expanding the balloon element, the initial force to expand the

balloon element may be decreased, resulting in the probability of fully inflating the balloon

increasing. In an alternative embodiment, one or more balloon elements may be expanded, and

thereafter collapsed, prior to reaming, thereby forcing material away from the shaft and

reducing the material that must be reamed in order to form the cavity.

[0168] In one embodiment of the invention, the balloon element 775 may be able to expand

with sufficient force to provide a distraction force to the end plates of a compressed vertebral

body. In an alternative embodiment, the balloon element 775 may be specifically configured to

expand without providing any distractive force sufficient to move the end plates of the vertebral

body. In this case, the balloon element may, upon expansion, merely create a cavity within the

vertebral body without changing the shape or location of the outer walls of vertebral body.



[0169] In an alternative embodiment, the balloon element 775 may be detachably mounted

at the distal end of the multi-lumen balloon catheter assembly 705 and/or drilling device 710.

In this embodiment, a release mechanism may be included to allow the balloon element 775 to

be detached and left in the vertebral body when the drilling device 710 is removed. As a result,

the balloon element 775 may be filed with a bone cement, or other sufficiently viscous

material, to allow the balloon element 775 to be left within the vertebral body and act as a

structural support element for the vertebral body. In this embodiment, the balloon element may

be a permeable or impermeable stent type structure.

[0170] In a further embodiment, the balloon element 775 may be formed, in an expanded

configuration, from a shape memory material, such as Nitinol. The balloon element 775 may

then be collapsed down to a contracted configuration for insertion into the vertebral body, or

other bony structure, and held in a contracted configuration by, for example, a mechanical

and/or magnetic locking mechanism. Upon release of this locking mechanism the balloon

element 775 may thereafter self-expand without the need for injection of a fluid. The balloon

element 775 may thereafter be re-collapsed and removed, leaving the expanded cavity within

the vertebral body.

[0171] Another example drilling device with balloon element is shown in FIGS. 8A - 8J.

In this embodiment, the device 800 includes a drill tip 805 mounted at a distal end of a rotating

torque tube or drive shaft coil 810 which is in turn mounted to a rotating drive shaft 815. The

drive shaft coil 810 includes a multi-filar coil including a plurality of flexible wire elements,

thereby allowing the drive shaft coil 810 to exert a torque on the drill tip 805 while allowing the

drive shaft coil 810 to bend and rotate about a curvilinear central axis of the device 800. The

drill tip 805 may be formed from a material such as, but not limited to, a metal (e.g. stainless

steel or tungsten). The drive shaft coil 810 may include, for example, a single, dual, or three



layer multi-filar coil. The drive shaft 815 is a rotating, non-flexible section connected to the

drive shaft coil 810 and extending back to a rotating drive mechanism within a handle of the

device 800 (not shown). In one embodiment, the drive shaft 815 is formed from a metal (e.g.

stainless steel) wire or a thick walled hypotube. In operation, the drive shaft 815 provides

torque to the drive shaft coil 810, which in turn rotates the drill tip 805. In an alternative

embodiment, the non-flexible drive shaft 815 is not required, with the flexible drive shaft coil

810 extending along the full length of the device to the handle. In a further alternative

embodiment, the non-flexible drive shaft 815 extends out to the drill tip 805, with no drive

shaft coil 810 required.

[0172] An expandable and collapsible balloon element 820 is placed at a distal end of the

device 800 behind the drill tip 805. In one embodiment, the drill tip 805 extends a set distance

beyond the balloon element 820. In an alternative embodiment, the drill tip 805 is placed

directly beyond, and abutting, a pull wire band 855 at a distal end of the balloon element 820.

The pull wire band 825 provides an anchor for a distal end of the balloon element 820, and

further provides an anchor for one or more pull wires 855 which extend from the pull wire band

825 through a hollow tube or shaft 835, e.g. a hollow polymer shaft, and provide a means for

imposing a preset and adjustable curvature to the flexible distal end of the device 800. In

operation, by pulling on the pull wire 855, a user can curve the distal end of the device 800 by a

set amount, thereby allowing the drill tip 805 to drill a curvilinear cavity within a vertebral

body or other target site. In one embodiment, the pull wire 855 is placed within a pull wire

lumen which extends through and/or between one or more layers of the hollow shaft. In one

embodiment, the pull wire lumen is a thin walled polyimide shaft with tetrafluoroethylene

(TFE) filler. The pull wire 855 may be formed from a material such as, but not limited to, a

metal such as stainless steel, tungsten, or Nitinol, a synthetic fiber, or combinations thereof.



The pull wire 855 may be welded, glued, threaded through, or otherwise attached to the pull

wire band 825.

[0173] An inflation lumen 840 extends through the outer hollow shaft 835 and provides a

fluid channel through which a fluid can be flowed to expand the balloon element 820. In an

alternative embodiment, the inflation lumen 840 may extend between the outer hollow shaft

835 and an inner hollow shaft 845, e.g. a high pressure polymer inner shaft. The inflation

lumen 840 may include a thin walled polyimide shaft configured to handle a high pressure flow

therethrough. The inner hollow shaft 845 may, in one embodiment, be a coiled polyimide

shaft. The polyimide shaft may, in one embodiment, have an outer layer that is thermally

compatible with the balloon element 820. The thermal compatibility allows thermal bonding of

the shaft outer layer with the balloon element rather than a glue bond.

[0174] The balloon element 820 may, in one embodiment, be constructed from

polyurethane. In an alternative embodiment, the balloon element 820 may be constructed from

a material including, but not limited to, a plastic, a metal (e.g., Nitinol), and/or a polymer. The

balloon element 820 is collapsible to a minimal diameter, i.e. substantially the outer diameter of

the shaft 835, to allow the distal end of the device 800 to be deployed through a cannula and

into a target location within a body. In one embodiment, the balloon element 800 may be

expanded by forcing a fluid (e.g., a saline solution, water, or a gas such as, but not limited to,

air) into the interior of the balloon element 820 through the inflation lumen 840.

[0175] The balloon element 820 may expand to form any appropriate expanded shape

including, but not limited to, a sphere, a cylinder, or a curvilinear cylinder. In one embodiment,

different portions or the wall of the balloon element 820 have different wall thicknesses,

thereby forcing the balloon element 820 to expand preferentially in a predetermined direction



corresponding to the sections having a thinner wall. As a result, the balloon element 820 may

be designed to inflate in any set direction by any set amount, thereby allowing the device 800 to

form cavities of any appropriate size and shape, as required for a particular vertebral body

and/or treatment. In one embodiment, the balloon may have a multi-layered structure. For

example, the balloon may be formed with a compliant outer layer and a substantially non-

compliant inner layer. The outer layer may, for example, be polyurethane, while the inner layer

may, for example, be nylon. The compliant outer layer adds strength and puncture resistance

while the inner non-compliant layer provides the desired inflated shape or volume.

[0176] The device 800 may, in one embodiment, include one or more axial stiffening wires

850. The stiffening wire(s) 850 may extend along a length of the shaft 835, or a portion

thereof, and provide structural support to the shaft 835 to prevent the shaft 835 from bending or

buckling when not pulled by the pull wire 855, and/or to prevent the shaft 835 from bending in

directions other than that required to form the required curvilinear cavity. The stiffening

wire(s) 850 may extend in a helical pattern, as shown for example in FIG. 8F, or may extend

generally straight longitudinally along the shaft 835. The stiffening wire 850 may be formed

from a material such as, but not limited to, a metal such as stainless steel, tungsten, or Nitinol, a

synthetic fiber, or combinations thereof.

[0177] In one embodiment, the device 800 may include a plurality of pull wires. For

example, a first pull wire 855 may be used to produce a first curvature in the distal end of the

device 800, while secondary axial pull wires 860 may be used to produce further curvatures in

the distal end of the device 800 in different directions to that imposed by the first pull wire 855.

As a result the direction of the drill tip 805 may be steered through a body by manipulation of

the plurality of pull wires 855, 860. An example multi-pull wire configuration for the device

800 is shown in FIGS. 8F and 8G. In one embodiment, one or more pull wires 855, 860 is



connected to a cam assembly, as described hereinabove, to allow a user to pull on the one or

more pull wires 855, 860. In an alternative embodiment, the pull wires 855, 860 may be

controlled by control elements including, but not limited to, a sliding element, a threaded

element, a levered element, a motorized element, and/or a magnetic element. In one

embodiment, the pull wire 855, 860 may be spring loaded to produce a pre-load on the pull

wire 855, 860 to induce a pre-loaded, but flexible, curvature in the distal end of the device 800.

Use of a spring element to induce a pre-loaded curvature in the distal end of the device 800

allows the distal end or the device to be straightened during insertion through a straight

cannula, and thereafter return to its curved configuration after insertion through the cannula.

[0178] The device 800 may include a feed screw 862, (e.g., an injection molded lead

screw), with an integrated key component 865. The key component 865 is adapted to mate

with a slot in a cannula to ensure correct orientation of the device 800 within the cannula, as

described hereinabove. In an alternative embodiment, no key component 865 is required. The

feed screw 862 provides a threaded mating with a handle assembly (not shown) to provide a

rotational and axial driving motion to the drill tip 805 upon rotation of the handle assembly, as

described hereinabove.

[0179] In one embodiment, the outer shaft 835 extends from a proximal end of the device

800 to the proximal end of the balloon element 820, with the pull wire band 825 and the distal

end of the outer shaft 835 providing sealed mating surfaces onto which the balloon element is

attached. In this embodiment, the inflation lumen 840 extends from the distal end of the outer

shaft 835 into an interior of the balloon element 820. In an alternative embodiment, as shown

in FIGS. 9A - 9J, an outer shaft 935 extends out to a distal end of the pull wire band 825. In

this embodiment, the balloon element 820 is sealing mounted over the outer shaft 835, with a

hole 910 providing a portal through which fluid from the inflation lumen 840 may be flowed



into the interior of the balloon element 820. In various embodiments of the invention, the outer

shafts 835, 935, and/or inner shaft 845 may be constructed from braided material such as, but

not limited to, a braided multi-lumen polymer material. In one embodiment, the braid includes

tri-axial wires. In an alternative embodiment, any multi-lumen or single lumen structures may

be used for the shafts. In one embodiment, the inner shaft 845 and/or outer shafts 835, 935

may have a lower durometer (hardness) at a distal end portion, with a higher durometer

(hardness) at a proximal end portion thereof.

[0180] In one embodiment the inflation lumen 840 is coupled at a proximal end to a portal

element. The portal element allows a syringe or other fluid injecting and removing device to be

releasably coupled to the inflation lumen 840 to controllably inject fluid into the balloon

element 820 to expand a cavity within a body, and to controllably remove the fluid from the

balloon element 820 prior to removing the device 800 from the body. The portal element may

include, but is not limited to, a rotatable fitting on a side of the handle assembly and/or a

centrally located, non-rotatable fitting at a center of the proximal end of the handle assembly.

The portal element may include a luer lock or other appropriate fitting. The portal element may

be covered, when not in use, by a cap, sleeve, or other suitable imperforate closure.

[0181] In operation, as described hereinabove, the distal end of the device 800 may be

inserted through a cannula and into a bony structure such as, but not limited to, a vertebral

body. The distal end of the drill device may be manipulated by rotating and axially extending

the drill tip 805 to create a curvilinear void in the bony structure. This void can then be

enlarged by expansion of the balloon element 820 mounted to the drill device, after which the

balloon element 820 is deflated and the distal end of the device 800 is removed from the

cannula.



[0182] In one embodiment of the invention, the drill tip 805 may include a reaming

element, as described herein above, with the reaming element being used to ream out a

curvilinear cavity of a first diameter, with the balloon thereafter being used to further expand

the curvilinear cavity. Alternatively, the balloon may be used to further expand a cavity after

reaming.

[0183] In one embodiment of the invention, a curvature at a distal end of a drilling device

with balloon element may be provided by means other than a pull wire. For example, a curved

distal portion for a drill assembly with balloon element may be formed using elements such as,

but not limited to, a shaft with one or more slots cut therein, a shaft comprising a portion that

bends in response to an electro-magnetic signal, or a pre-molded curved shaft. An example

drilling device 900 with a collapsible balloon element 820 and a slotted shaft 905 is shown in

FIGS. 1OA - 10O. In this embodiment, the device 900 includes a deflection shaft 905 having a

plurality of slots 910 along a distal portion of one side of the deflection shaft 905. In an

alternative embodiment, slots 910 may be centered around more than one radial position on the

distal end of the deflection shaft 905, thereby allowing for bending of the distal end of the

deflection shaft 905 in more than one plane.

[0184] The deflection shaft 905 is positioned within a hollow tube or shaft 835, with an

expandable and collapsible balloon element 820 placed over the deflection shaft 905 at a distal

end of the device 900 behind the drill tip 805. The deflection shaft 905 may be formed from a

material including, but not limited to, a metal (e.g. stainless steel, Nitinol, aluminum), a

polymer, and/or combinations thereof. In one example embodiment, the deflection shaft 905 is

formed from a stainless steel hypotube with slots 910 laser cut into the distal end of the

deflection shaft 905. In various embodiments, the slots 910 may be laser cut, molded, etched,

or otherwise formed in the shaft 905.



[0185] The deflection shaft 905 may be placed inside an outer shaft 835 that extends from a

proximal end of the device 900 to the proximal end of the balloon element 820. An additional

outer shaft section 935 may extend from a distal end of the balloon element 820 to a distal end

of the deflection shaft 905, with the drill tip 805 extending from the distal end of the deflection

shaft 905. In one embodiment, the deflection shaft 905 may be covered by a sleeve 915. The

sleeve 915 may, for example, be a high pressure sleeve formed from a material such as, but not

limited to, a thin wall polyimide shaft.

[0186] The device 900 may include a feed screw assembly 864, including a feed screw 862

and key component 865, for movably coupling the assemble 900 to a handle portion (not

shown). One or more inflation lumens 840 may extend from the proximal end of the device

900 into the interior of the inflatable balloon element 820 to provide a fluid passageway for

injecting and removing fluid from the balloon element 820 to inflate and deflate the balloon

element 820 as required.

[0187] A puller element 920 may be placed within the deflection shaft 905 to provide a

means of adjustably controlling the curvature of the distal end of the deflection shaft 905. An

anchoring portion 925 of the puller element 920 may be welded, or otherwise bonded, to the

distal end of the deflection shaft 905, wit the remainder of the puller element 820 free to slide

axially with respect to the deflection shaft 905. One or more alignment holes 930 may be

incorporated into the anchoring portion 925 to assist in the aligning of the puller element 820

with the deflection shaft 905 prior to welding the anchoring portion 925 to the deflection shaft

905.



[0188] In operation, the puller element 920 is anchored at a proximal end 940 to a handle

portion (not shown). This connection between the puller element 920 and the handle portion

may be spring loaded and/or adjustable or non-adjustable, as required. By applying a pulling

force to the proximal end 940 the anchoring portion 925 pulls the distal end of the deflection

shaft 905, thereby providing a bending force to the deflection shaft 905. The curvature of the

distal end of the deflection shaft 905 is controlled by the force applied by the puller element

920, the deflection shaft 905 material, and the position of the slots 910 on the distal end portion

of the deflection shaft 905.

[0189] One embodiment of the invention includes a drilling device 1000 having a

deflection shaft 1005 which is integrally formed with a feed screw assembly 1015. As before,

the feed screw assembly 1015 may include a feed screw 862 and key component 865. The

drilling device 1000 may, for example, include a plastic feed screw assembly 1015 that is

overmolded with or onto a deflection shaft 1005 having a plurality of slots 1010. An outer

shaft 835 may then be positioned over the deflection shaft 1005. In one embodiment, a sleeve

915 may be placed over the deflection shaft 1005. An example drilling device 1000 including a

deflection shaft 1005 with integrally formed feed screw assembly 1015 is shown in FIGS. 1IA

through HH.

Method of Use

[0190] The devices discussed herein may be used in conjunction to provide a method of

creating a curvilinear cavity within a vertebral body, or other bony structure. As disclosed

herein, the creation of a curvilinear pathway and cavity within a vertebral body allows the

cavity to extend over a potentially larger region of the interior of a vertebral body, and bisect an

axis of the vertebral body using only a single point of access. After creation of a cavity in a



damaged or diseased vertebral body, the cavity can be filled with a medical cement or other

treatment element to stabilize the vertebral body and alleviate pain. As a result, the creation of

a curvilinear pathway and cavity using these devices can enable the complete stabilization of a

vertebral body from a single access incision, thus reducing the time needed for a surgical

procedure and the damage caused to surrounding tissue and bone during a procedure. This can

greatly improve the efficiency and safety of such a procedure.

[0191] In one embodiment of the invention, a procedure for using the devices disclosed

herein can be used to produce a curvilinear cavity within a vertebral body. After location of the

pedicle of the vertebral body, a needle assembly may then inserted percutaneously from the

posterior approach through the outer tissue and anchored into the bone of the vertebral body to

a suitable depth. This needle or wire will provide a guide for subsequent instruments. In one

embodiment, the needle is a 1.5 mm diameter stainless steel pointed wire, although in other

embodiments any appropriate diameter and material of needle may be used. The needle may be

solid or hollow, depending upon the specific requirements of the procedure. An example of a

guide wire or piercer 510 being inserted through the outer tissue 515 of a patient and into a

vertebral body 520 by a posterior approach can be seen in FIG. 5A.

[0192] Once the guide wire 510 is in place, a trocar can be inserted into, and releasably

coupled to a cannula, and the resulting trocar and cannula assembly slid over the guide wire

510. The trocar impact knob can be tapped with a hammer or other instrument to force the

trocar forward to enlarge the hole in the vertebral body and thereby force the tip of the trocar

and cannula into the bone. Once the trocar and cannula assembly have been correctly

positioned, the trocar and the guide wire can be removed, thus leaving the cannula in place on

its own. This cannula can then serve as a delivery path into the vertebral body for subsequent

instruments.



[0193] A curved drilling device can then be inserted through the cannula to create a

curvilinear pathway through the vertebral body. An example of a drilling device 525 being

inserted through a cannula 530 and into a vertebral body 520 can be seen in FIG. 5B.

[0194] The drilling device 525 can be slideably placed within the cannula by aligning the

key on the drill 535 with the slot on the cannula. The drilling device 525 can then be fully

inserted and releasably locked to the cannula 530 by sliding a locking tab to the lock position,

or otherwise securing the drilling device 525 to the cannula 530. In this position, the curved

slotted tube of the drilling device 525 is constrained in the straight tube of the cannula 530 and

the sharp drill tip is positioned at the end of the cannula 530. After the drilling device 525 is

secured to the cannula 530, for example by the locking the flange to the cannula handle, the

drive handle of the curved drill can be rotated to cause the rotation of the flexible drive shaft

assembly and sharp tip. Rotation of the flexible drive shaft assembly and sharp tip can also

cause the simultaneous translation of the slotted tube and feedscrew assembly relative to the

drive handle and cannula 530, thus translating the tip of the drilling device 525 into the

vertebral body along a curvilinear path, provided the handle is locked to the cannula. For

example, as it is being fed forward, the distal end of the drill shaft will begin to protrude from

the cannula and starts to curve in the desired direction as it is cutting. The farther the drill shaft

exits from the cannula, the greater the curved protrusion. As the drill tip rotates and travels in

an arc, the resultant hole that it creates is also in an arc until the desired depth is achieved.

[0195] The sharp tip advances within the bone according to the pitch of the feedscrew. The

advance of the tip of the drilling device 525 may be monitored fluoroscopically by the user,

and/or the depth of drilling may be indicated by a scale printed or etched on the drilling device

525. When the path has been fully formed, the lock may be disengaged and the drilling device

525 removed from the cannula 530. The drilling device 525 can be removed by a counter



rotation of the drill handle to withdraw the drill back into the cannula 530 and straighten the

drill shaft in the process, after which the locking flange can be released and the drill assembly

removed from the cannula 530. In an alternate embodiment, the drilling device 525 can be

removed by simply unlatching it from the cannula 530 and pulling it out. This will, in turn,

leave a hollow, curvilinear path through the vertebral body extending from the end of the

cannula.

[0196] In embodiments of the invention including the use of a multi-lumen balloon catheter

assembly in combination with the drilling device 525 (such as the balloon catheter assembly of

FIGS. 7A-7G), forward advancement of the distal end of the drilling device may position the

one or more balloon elements of the multi-lumen balloon catheter assembly within the bony

structure. Once satisfactory drill tip and balloon element position has been achieved, the

balloon element may be inflated by first attaching a fluid injector device to the fluid filling

portal of the catheter, then injecting fluid under pressure into the balloon element, as described

above. Upon pressurization, the balloon element will inflate radially from the flexible drill

shaft housing. The size and shape of the expanded balloon element will depend on many

factors, such as material selection, inflation pressure, bone anatomy, and bone strength. In one

embodiment, the material for the balloon element is one that will resist puncture at inflation

pressures as high as 10 atm, such as, but not limited to, polyurethane or polyester.

[0197] In one embodiment, a curved reamer device may then be inserted through the

cannula to create the desired shape and size of curvilinear pathway through the vertebral body

using the same basic surgical technique as for the drill device described above. An example of

a reamer device 540 being inserted through a cannula 530 and into a vertebral body 520 can be

seen in FIG. 5C. As discussed above, this reamer device 540 may include a multi-lumen

balloon catheter assembly in addition to, or instead of, a multi-lumen balloon catheter assembly



on the drilling device 525. In an alternative embodiment, the curved reamer device 540 is not

required, with the cavity formed only by the drilling device 525 and attached multi-lumen

balloon catheter assembly. In a further alternative embodiment, the drilling device 525 is not

required, with the reaming device 540 configured to provide a drilling function upon entering

the bony structure prior to reaming. Such a reaming/drilling device may, in one embodiment,

also include a multi-lumen balloon catheter assembly mounted thereon.

[0198] The reamer device 540 can be inserted through the cannula 530. The reamer device

540 can then be releasably locked or latched to the cannula 530. During insertion of the reamer

device 540, the moveable blade of the reamer is set in an undeployed position, located

substantially along the axis of the shaft, so it may easily pass through the cannula 530. In one

embodiment, the position of the reamer tip can be fluoroscopically confirmed.

[0199] The handle of the reamer device 540 can then be rotated to deploy and rotate the

blade, with the reamer blade pivoting outward from the shaft and cutting a semi-sphere to a

desired cavity diameter, without forward movement. This therefore forms a substantially semi-

spherical proximal end of a cavity in the bone at the proximal end of the curvilinear path.

[0200] Once fully deployed, the blade can rotate and translate forward toward the anterior

portion of the vertebral body 530 along a generally helical path in response to further rotation

of the handle of the reamer device 540. The blade rotating action forms a generally curvilinear

elongated hole. The speed of translation and cutting is dependent on the pitch of the feedscrew

mechanism in the handle. The cavity created by the reamer device 540 may be monitored

fluoroscopically to determine the length of the cavity, or the length may alternatively be

monitored by a printed scale on the device. In an alternative embodiment, the blade may be



initially placed at a distal end of the drilled hole and may be translated backwards towards the

rear of the vertebral body to create the reamed cavity.

[0201] When cavity cutting is complete, the proximal end of the handle may be counter

rotated to relax tension on the tether cable and allow the movement of the blade back to the

closed or undeployed position. In one embodiment, at this point in the procedure, a balloon

element mounted to the reamer device 540 may optionally be inflated, as described above. In

this instance, the relatively larger cavity in the bone allows initial expansion the balloon

element to occur at the minimum necessary pressure, thereby increasing the radial force of the

balloon element wall when contacting the bone. The balloon element may then be deflated and

the reamer device unlocked from the cannula 530 and removed. The resulting curvilinear

cavity 550 is then free to have a treatment device, such as a stent and/or treatment material,

such as bone cement, inserted into it.

[0202] The cannula 530 can then remain in place for insertion of other devices that will fill

the cavity with medical cement. In one embodiment, these devices may include a stent and

stent deployment apparatus, wherein the stent is filled with cement through the stent

deployment apparatus to fill the curvilinear cavity and stabilize the vertebral body. After the

cement injection procedure has been completed, the cannula 530 can be removed and the

surgical incision closed.

[0203] Another embodiment of the invention can include a drill and/or reamer device

including a lever and cam sub assembly or other mechanism to allow tension to be reduced in

the spring assembly. This can allow the spring force providing the curvature to the drill or

reamer to be reduced during insertion and/or removal of the elongated tube assembly and drill

tip, thus easing the insertion and removal of the drill or reamer from the working channel



during use. An example curved drill device 600 including a lever and cam sub assembly, with

the distal end of the drill straightened, can be seen in FIGS. 6A through 6E.

[0204] In the embodiment shown in FIGS. 6A-6E, the curved drill device 600 can include a

drive handle 605, a sharp drill tip 610 attached to a flexible torque transmitting drive shaft 650

positioned within a slotted tube assembly 615, and a handle drive assembly positioned within

the handle 605. The slotted tube assembly 615 can be a spring loaded, flexible, slotted metal

tube. A key component 620 can be located on the slotted tube assembly 615 to ensure that,

during operation, the drill 600 is inserted and locked into the working channel, such as a hollow

cannula, in the desired circumferential orientation. A drill feed nut 625 including a locking

flange 630 can be threaded onto the handle drive assembly 680 located within the handle 605.

with the locking flange 630 providing a locking element for releasably locking the drill 600 to a

cannula. A cable retaining pin 635 can be inserted within, and keyed to, the handle 605 to

provide a torque retention device to anchor the proximal end of the flexible torque transmitting

drive shaft 650. The cable retaining pin 635 can then drive the shaft 650 as the handle 605 is

rotated.

[0205] The handle drive assembly 680 within the handle 605 includes a feed screw 655

onto which the feed nut 625 can be threaded. The cable retaining pin 635 is located within a

cam pusher assembly 660 located within the central portion of the handle 605. A band

retention element 665 is used to anchor a band 670 located within the slotted tube assembly

615, and anchored at its distal end to a distal portion of the slotted tube assembly 615, to

provide the force necessary to produce a curvature at the distal end of the drill 600. A

compression spring 675 is positioned between the feed screw 655 and the band retention

element 665 to provide a spring force to the band retention element, thereby allowing the

curvature of the distal end of the drill 600 to flex.



[0206] In addition, the curved drilling device 600 includes a lever 640 attached to a drill

cam 645 mounted on the proximal end of the handle 605, wherein the lever 640 pivots the drill

cam 645 about a central axis upon actuation by a user. The drill cam 645 includes an eccentric

inner portion that abuts against a cam pusher assembly 660 located within the central portion of

the handle 605. The cam pusher assembly 660 abuts against the band retention element 665, or

other intermediate element. The band retention element 665 provides a stop for the

compression spring element 675 located within the central axis of the handle 605 and

configured to provide a spring force to the band retention element 665, thus providing the

required force to the band 650 in order to maintain the distal end of the slotted tube assembly

615 in a curved configuration.

[0207] In operation, when the lever 640 is closed against the handle 605 of the drill 600, the

compression spring 675 pushes the band retention element 665 and cam pusher assembly 660

against the drill cam 645, and provides the force necessary to produce a curvature at the distal

end of the drill 600. However, when the lever is pulled away from the handle 605, it pivots the

drill cam 645 about its axis and, due to the eccentric configuration of the drill cam 645, forces

the cam pusher assembly 660 and band retention element 665 against the spring element 675.

This has the effect of compressing and foreshortening the spring element 675, thus reducing the

force provided to the distal end of the slotted tube assembly 615 and therefore allowing the

distal end of the slotted tube assembly 615 to be straightened with less or minimal effort.

[0208] In another embodiment of the invention, a reamer, such as any of the reaming

devices described herein, could include a lever and cam sub assembly or other mechanism to

compress and foreshorten a compression spring within the handle of the reamer, thus allowing

the distal end of the slotted tube assembly of the reamer to be straightened with less or minimal

effort. In one embodiment, the lever and cam sub assemblies may be incorporated into drilling



devices and/or reaming devices including one or more balloon elements. Drilling and/or

reamer devices including a lever and cam sub assembly may, in one embodiment, also include

a multi-lumen balloon catheter assembly mounted thereon.

[0209] In alternative embodiments of the invention, any appropriate material, or

combination of materials, may be used for the components described herein. Appropriate

materials include, but are not limited to, stainless steel, aluminum, plastics, textiles, composite

materials, or any combination thereof. The method of creating a cavity may include all, or only

some of, the components described herein, depending upon the specific requirements of the

system.

[0210] In further alternative embodiments of the invention, different drill and/or reamer

devices can be used to create the cavity. These may include one or more blades or drill bits,

looped or otherwise configured wires, or other drilling, boring, or reaming devices. The blades

may be of any appropriate shape and configuration.

[0211] In one embodiment of the invention, a fiber optic camera device may be inserted

into the cannula to provide images of the curvilinear pathway and cavity to a physician at any

point during the procedure. The camera may also provide diagnostic information that may be

used when determining the required size and shape of the cavity being created.

[0212] In alternative embodiments of the invention, the arc of the drilling device and/or

reamer device may be selected to provide any shape of curvilinear cavity. Different arcs may

be provided by selection of different tools, with each tool being set to provide one specific arc.

Alternatively an individual device may be adaptably configured to provide an arc of any

required curvature by the use of the spring tension mechanism described, or may be constrained



preferentially to a substantially straight configuration, as needed, to achieve proper treatment in

a bone fracture.

[0213] It should be understood that alternative embodiments, and/or materials used in the

construction of embodiments, or alternative embodiments, are applicable to all other

embodiments described herein.

[0214] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.

[0215] What is claimed is:



CLAIMS

1. A method of forming a curvilinear void in bony structure, the method comprising the

steps of:

accessing a bony structure with a cannula;

inserting a distal end of a drill device through the cannula and into the bony structure;

manipulating the distal end of the drill device to create a curvilinear void in the bony

structure;

enlarging the void by expansion of a balloon element mounted to the drill device; and

deflating the balloon element and removing the drill device from the cannula.

2 . The method of claim 1, wherein the balloon element is expanded by fluid pressure.

3 . The method of claim 1, wherein the step of manipulating of the distal end of the drill

device comprises a simultaneous rotation and curvilinear translation of the distal end of the drill

device.

4 . The method of claim 1, wherein the cannula is substantially straight.

5 . The method of claim 1, wherein the drilling device comprises a flexible drill shaft

assembly.

6 . The method of claim 5, wherein the flexible drill shaft assembly comprises a sharp

cutting tip, a flexible rotatable drive shaft coupled to the tip, and a flexible, moveable and non-

rotatable housing.

7 . The method of claim 1, wherein the drilling device further comprises a locking means.



8. The method of claim 7, further comprising the steps of:

locking the drill device into the cannula using the locking means prior to forming the

void; and

unlocking the drill device from the cannula after forming the void and prior to removing

the distal end of the drill device.

9 . The method of claim 1, wherein the drill device is manipulated in response to a rotation

of an element at a proximal end of the drill device.

10. The method of claim 1, further comprising the steps of reaming the void produced by at

least one of drilling and balloon expansion.

11. An apparatus for forming a curvilinear void in bony structure, comprising:

a curvilinear drilling device; and

an expandable balloon element mounted on a distal portion of the drilling device.

12. The apparatus of claim 11, wherein the balloon element is expanded by injection of a

fluid into an interior portion thereof.

13. The apparatus of claim 11, further comprising a lumen in fluid communication with the

balloon element.

14. The apparatus of claim 11, wherein the drilling device comprises:

a handle; and

a flexible drill shaft assembly extending from a distal end of the handle, comprising:

a cutting tip located at a distal end of the flexible drill shaft assembly;

a flexible rotatable drive shaft coupled to the tip; and

a flexible, moveable and non-rotatable housing.



15. The apparatus of claim 14, wherein the cutting tip is adapted to form the curvilinear

void by simultaneous rotation and curvilinear translation of the cutting tip.

16. The apparatus of claim 14, wherein the balloon element is located substantially

proximate to a distal end of the flexible, moveable and non-rotatable housing.

17. The apparatus of claim 11, wherein the balloon element is mounted to a multi-lumen

assembly mounted to the drilling device.

18. The apparatus of claim 17, wherein the multi-lumen assembly comprises:

a first lumen adapted to surround an elongate shaft of the drilling device; and

a second lumen in fluid communication with the balloon element.

19. The apparatus of claim 17, wherein the multi-lumen assembly is removably mounted

onto the drilling device.

20. The apparatus of claim 17, wherein the multi-lumen assembly is fixedly mounted onto

the drilling device.

21. The apparatus of claim 11, wherein the drill device comprises at least one pull wire for

applying a curvature to a distal end thereof.

22. The apparatus of claim 21, wherein the drill device further comprises at least one

stiffening wire.
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