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BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to devices and methods for injection of a viscous material into a

living subject. This invention particularly relates to devices and methods for filling bone

voids. This invention more particularly relates to height restoration of a bone, for example,

for treating Vertebral Compression Fractures (VCFs).

Description of the Related Art
A common occurrence in older persons is compression fractures of the vertebrae. This causes

pain and a shortening (or other distortion) of stature. One common treatment is vertebroplasty,

in which cement is injected into a fractured vertebra. While this treatment fixes the fracture

and reduces pain, it does not restore the vertebra and person to their original height. Another

problem with vertebroplasty, is that because the cement is injected as a liquid, it may leak

outside of the vertebra, for example, through cracks in the vertebra. This may cause

considerable bodily harm.

Viscous cement may reduce the risk of leakage, while sustaining an ability to infiltrate into

the intravertebral cancellous bone (interdigitation) [see G Baroud et al, Injection

biomechanics of bone cements used in vertebroplasty, Bio-Medical Materials and Engineering

00 (2004) 1-18]. Li addition, viscous material may reduce the fracture. For example, PCT

Application No. PCT/IL2006/000239 and IL Patent Application No. 174347 to Beyar et al.

describe bone cements with certain formulations, commercially known as Confidence Bone

Cement™, which provide an enhanced high-viscosity window of time during which the

cement is suitably viscous for injection, fit using a designated delivery system and which are

incorporated by reference herein. This type of bone cement rapidly achieves a high viscosity

when its components are mixed and set slowly. The liquid phase is skipped during and

immediately following the mixing of the components.

Another common treatment for fractured vertebras is kyphoplasty. This was first described in

US Patents Nos. 5,108,404 and 4,969,888 to Scliolten et al, wherein a fracture of a vertebra is



taught to be reduced by first inflating a balloon inside the vertebra and thereby producing

compaction of the cancellous bone to form a cavity. Bone cement is subsequently injected

into the cavity after the balloon is withdrawn. The cement fills the cavity hi this procedure,

because a lower pressure can be used to inject the cement, the problem of cement migration is

reduced. However, this problem is not completely avoided.

US Patents Nos. 5,549,679 and 5,571,189 to Kuslich describe a device and method for

stabilizing a spinal segment with an expandable, porous fabric implant for insertion into the

interior of a reamed out disc which is packed with material to facilitate body fusion. US

Application No. 10/440,036 of Kuslich et al. describes an improved method of correcting

bone abnormalities by first accessing and boring into the damaged tissue or bone, and then

reaming out the damaged and/or diseased area. Alternatively, the cancellous bone may be

compacted by expanding a bag within the damaged bone. The bag may then be filled with fill

material, such as a bone repair medium, thereby correcting and stabilizing the bony defect and

deformity in a single step. This type of bag may be inflated with less fear of puncture and

leakage of the inflation medium than a thin walled rubber balloon. Furthermore, this

procedure provides the advantage of safely skipping the first balloon inflation steps of

Scholten, by expanding the bag by introducing fill material, such as a bone repair medium and

thereby correcting and stabilizing the bony defect and deformity in a single step. Nevertheless,

this procedure is accomplished only by leaving the expanded bag inside the body organ after

the injected material has solidified. Furthermore, when the bag is filled with inert filling

materials, it is intentionally designed not to allow said material transfer through bag walls.

US Patent Application No. 10/949,217 to Lin et al. describes an extractable device for

inserting a medicinal filling into a vertebral body. In this procedure, a filling member is made

of a flexible and permeable wall. After the filling member is inserted into the spinal disc

and/or vertebra, and a flowable medicine is injected and fully solidifies therein, closing

threads are pulled to unlash the opening of a holding portion provided with the filling

member. This enables the filling member to be extracted from the spinal disc to leave only

the medicine in the spinal disc. Lin et al. do not describe a method or a device, specifically

intended for compacting cancellous bone and/or promoting height restoration of the vertebral

body. Further, Lin et al. discloses threads located on the distal end of the bag which are not

for connecting the bag to other means.

It is the object of this invention to provide an improved method and apparatus that for treating

a fractured vertebral body, and significantly lowering the risk of filler material leakage.



SUMMARY OF THE INVENTION

The present invention provides method and device by which a bone void filler is introduced

into a fractured bone (e.g., vertebral body), while the risk of leakage is minimized. An aspect

of some embodiments of the invention relates to a device for filling a void in a patient's bone

with bone void filler. The device comprises a mechanism having a permeable element

secured without releasable threads thereto and a cannula for extending into the bone and for

guiding said mechanism to the void. When the permeable element is in a collapsed state it

may pass through the cannula and then expand within the bone when the bone void filler is

applied under pressure thereto.

Another aspect of some embodiments of the invention includes that the permeable element is

permeable to the bone void filler so that the bone void filler may flow into the void when

pressure is applied thereto.

Some embodiments of the invention may include an injection needle for extending into the

permeable element for injecting the bone void filler therein.

Other embodiments of the invention may also include a pressurizing device for delivering the

bone void filler into the permeable element.

A further aspect of some embodiments of the invention relates to a device for delivering bone

filler material to a bone void comprising a longitudinal channel having a proximal end and a

distal end. The channel has a perforated segment and the distal end is sealed so that the bone

filler material may be applied to the bone void through the perforated segment.

Some embodiments of the invention may include that the perforated segment is on the channel

wall proximate the distal end.

Other embodiments of the invention may include that the perforated segment is

circumferentially around a portion of said channel wall.

A still further aspect of some embodiments of the invention relates to a method of introducing

bone void filler into a void in a patient's bone. The method comprises inserting a cannula into

the bone, inserting a collapsed permeable element through the cannula into the bone,

expanding the permeable element with bone void filler, and then extruding the bone void filler

into the bone void by extracting the permeable element through the cannula.

Another method of an embodiment of the present invention includes introducing bone void

filler into a void in a patient's bone by inserting a cannula into the bone, inserting a

mechanism having a collapsed permeable element through the cannula into the bone, wherein

the permeable element is secured to the mechanism without threads, applying the bone void



filler into the bone through the permeable element, and then extracting the permeable element

through the cannula. Additional objects of the present invention will become apparent from

the following description.

The method and apparatus of the present invention will be better understood by reference to

the following detailed discussion of specific embodiments and the attached figures which

illustrate and exemplify such embodiments.

DESCRIPTION OF THE DRAWINGS

A specific embodiment of the present invention will be described with reference to the

following drawings, wherein:

Figures IA- IF are diagrammatic representations of an embodiment of the method of the

present invention.

Figures 2A and 2B are diagrammatic representations of embodiments of extraction

mechanisms of the present invention.

Figures 3A and 3B are diagrammatic representations of embodiments of delivery methods and

devices of material of the present invention. . . .

Figure 4A is a diagrammatic representation of an embodiment of a collapsed formation of a

permeable walled structure of the present invention.

Figure 4B is a diagrammatic representation of an embodiment of an expanded formation of a

permeable walled structure of the present invention.

Figures 5A and 5B are diagrammatic representations of longitudinal sectional views of

embodiments of permeable elements walls of the present invention.

Figure 6A illustrates an embodiment of a guiding cannula for VCF treatment.

Figure 6B illustrates an embodiment of a fenestrated cannula for VCF treatment.

Figure 6C illustrates an embodiment of an inner rod of the guiding cannula of the present

invention.

Figure 6D illustrates the inner rod partially inserted into the guiding cannula of the present

invention.

Figure 6E illustrates an enlarged view of the distal end of the fenestrated cannula of the

present invention.

Figure 6F illustrates an embodiment of the fenestrated cannula covered with meshed sleeve.

Figure 7A illustrates another embodiment of a guiding cannula for VCF treatment.

Figure 7B illustrates an embodiment of a longitudinal sleeve of the present invention.



Figure 7C illustrates an embodiment of an injection needle of the present invention.

Figure 7D illustrates another embodiment of an inner rod (a stylet) of the present invention.

Figure 7E illustrates an embodiment of an assembled cannula inserted into a vertebra for VCF

treatment.

Figure 7F illustrates withdrawing the stylet from the vertebra.

Figure 7G illustrates expanding the sleeve by pressurizing the bone filler material into the

injection needle in an embodiment for VCF treatment.

Figure 7H illustrates withdrawing the sleeve out of the body while extracting at least part of

the remaining bone filler material through the meshed walls.

Figure 8A illustrates another embodiment of a guiding cannula for VCF treatment.

Figure 8B illustrates another embodiment of a longitudinal sleeve of the present invention.

Figure 8C illustrates another embodiment of a stylet of the present invention.

Figure 8D illustrates another embodiment of an assembled cannula inserted into a vertebra for

VCF treatment.

Figure 8E illustrates expanding the sleeve by pressurizing the bone filler material into the

injection needle in the embodiment illustrated in Figure 8A.

Figure 8F illustrates withdrawing the sleeve out of the body in the embodiment illustrated in

Figure 8A. .

Figure 9A illustrates another embodiment of a guiding cannula for VCF treatment.

Figure 9B illustrates a drill for use in the embodiment illustrated in Figure 9A.

Figure 9C illustrates a guide wire for use in the embodiment illustrated in Figure 9A.

Figure 9D illustrates another assembled bone drilling/accessing tool for VCF treatment.

Figure 1OA is a side view of an embodiment of the mesh assembly of the present invention.

Figure 1OB is an isometric view of the embodiment shown in Figure 1OA.

Figure 1IA is a side view of an embodiment of the present invention showing the removal of

the stylet.

Figure 1IB is an isometric view of the embodiment shown in Figure 1IA.

Figure 12A is a side view of an embodiment of the present invention showing the cement

injection assembly.

Figure 12B is an isometric view of the embodiment shown in Figure 12A.

Figure 13A is a side view of an embodiment of the present invention showing disconnecting

the reservoir.

Figure 13B is an isometric view of the embodiment shown in Figure 13A.



Figure 14A is a side view of an embodiment of the present invention showing removing the

injection cannula.

Figure 14B is an isometric view of the embodiment shown in Figure 14A.

Figure 15A is a side view of an embodiment of the present invention showing the rotational

5 handle of the mesh assembly.

Figure 15B is an isometric view of the embodiment shown in Figure 15A.

Figure 16A is a schematic illustration of the extraction mechanism of Figure 15B.

Figure 16B is a schematic illustration of the embodiment shown in Figure 16A showing the

bag looped around the slitted distal end of the extraction mechanism of the present invention.

10 Figure 17 is an exploded isometric view of the engagement of the handle with an end of the

permeable element.

15 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following exemplary embodiments as exemplified by the drawings are illustrative of the

: . : invention and are not intended to limit the invention as encompassed by the claims of this

application. An apparatus and method for filling bone voids is disclosed herein.

20 General exemplary procedure

Figures IA-F generally illustrate a method for filling bone voids. Such voids may often be a

result of a compression fracture and may be treated in accordance with such an exemplary

embodiment of the invention. X-ray or CT images are usually used for identifying a bone

facture. For example a vertebra or other bone may be damaged or fractured by a compression

25 fracture. Alternatively, a vertebra may be fractured because of weakening caused by

osteoporosis or by other pathological conditions. Figure IA shows a schematic lateral view of

a vertebral body 10 having compression fracture. Although following descriptions focus upon

vertebral compression fractures, some embodiments of the invention are not limited to

treatments due solely to such cases.

30 In an exemplary embodiment of the invention, access may be is minimally invasive. For

example, only a single channel may be formed into the body. Figure IB shows a guiding

cannula 1 1 inserted into a body, for example, within a fractured vertebral body 10. The

procedure described herein may use a cannula having a diameter ranging from about 5mm to



about 0.5mm. For example, a cannula may have a diameter of about 5 mm, about 4 mm, or

less in diameter. In some cases, multiple openings into the body may be formed. This

procedure may alternatively use a surgical or key-hole incision. However, a surgical or key¬

hole incision may require a longer recuperation period by the patient. In other embodiments,

the cannula (and the corresponding length of a delivery tube described below) may range from

about 50mm to about 100mm. For example the cannula may be about 50 mm, about 70 mm,

about 100 mm, or more, or intermediate, or smaller values.

Figure 1C shows a mesh structure 12, comprising an expandable-collapsible permeable

element 14 and an extraction mechanism 13. These elements are introduced into guiding

cannula 11. The permeable element 14 is placed in a optionally preferred location, as chosen

by the physician. The permeable element 14 is attached to the distal side of the extraction

mechanism 13 and is introduced and placed in the body in a collapsed configuration.

A predetermined amount of bone void filler 16 is prepared. As illustrated in Figure ID, a

filler material reservoir 15 is then filled with the prepared bone void filler. The prepared bone

void filler material 16 may be prepared for setting into a hardened condition, for example, as

in the case of setting bone cement. Alternatively, the prepared bone filler material may be a

non-hardening material.

In one embodiment of the invention, the bone cement may have an enhanced high-viscosity

window before it sets. Its viscosity, although relatively high, may not vary to a degree that

adversely affects injection parameters. Alternatively, the viscosity in the window may be

about 500, or about 1,000, or about 1,500, or about 2,000 Pascal-sec, or less, or more, or of an

intermediate value. In another embodiment of the invention, the working window may be at

least about 3 minutes, or at least about 5 minutes, or at least about 8 minutes, or at least about

10 minutes, or at least about 15 minutes, or at least about 20 minutes. The increased viscosity

may alternatively provide a short time after mixing of the cement components, for example,

zero time (for a pre-provided viscous material). Alternatively, it may be less than about 1

minutes, or less than about 2, or less than about 3 minutes after mixing is complete.

Alternative examples of setting and non-setting bone cements are thoroughly described in

PCT application No. PCT/IL2006/000239 and IL patent application No. 174347 to Beyar et

ah, the disclosures of which are fully incorporated herein by reference.

In one embodiment of the invention, the permeable element has at least one flexible segment.

In another embodiment of the invention, at least part of the permeable element is a fabric

material, whereas said fabric can be woven or non-woven, knitted, braided, molded or be



constructed in any other method known in the art. In yet another exemplary embodiment of

the invention, at least part of the permeable element is made of a biocompatible material, such

as stainless steel, rubber, elastic plastic, synthetic fiber, PMMA, titanium, goat intestine, and

the like. Optionally, the permeable element can be formed into an object in the form of sac,

bag, cylinder, rectangular column, sphere, torus, kidney-bean configuration, pyramid,

cylindrical ellipse, or any combination of such configurations, integrally or by joining

separate pieces. In an exemplary embodiment of the invention, the permeable element may

contain a ray imaging material, such as a metal wire, by which the precise position of the

filling member can be easily located by a ray imaging system, such as an X-ray machine. In

embodiment of the invention, the flexible segment and/or fabric material may be of a one-

layered or multi-layered construction, depending on the particle size and/or the viscosity of

the bone void filler.

As shown in Figure IE, the filler material reservoir is then connected on its distal side to the

guided cannula and/or to a mesh structure 12. The connection may be accomplished either

with or without a special adapter 18. The proximal side of the material reservoir may be

coupled to an optionally preferred pressurizing device. This pressuring device, capable of

injecting the bone void is schematically illustrated as plunger 17. When the plunger is

actuated, pressure therein increases sufficient for forcing a quantity of bone void filler 16a

into the permeable element. The bone void filler flows thereto until the permeable element

expands to an optionally preferred expanded formation 14a.

In one embodiment of the invention, the proximal opening of the guiding cannula or the

extraction mechanism may be attached to a syringe and/or to any other bone cement delivery

system known in the art. In another embodiment of the invention, the injection port of the

guiding cannula or the extraction mechanism may be attached to a distal end of a bone filler

reservoir. The reservoir may be alternatively attached to a pressurizing hydraulic system on its

proximal side. In another embodiment of the invention, the system may be manually operable,

and/or by foot, and/or by battery power, hi a further embodiment of the invention, the

pressurizing system may provide sufficient pressure to deliver at least about 5 ml, or at least

about 10 ml of viscous bone cement as a single continuous aliquot. In a still further

embodiment of the invention, the pressure source may provide a pressure of about 50, or

about 100, or about 150, or about 200, or about 300 atmospheres, or less, or more, or of and

intermediate value. In another embodiment of the invention, the system design may assure

that the physician's hands are located outside an X-ray radiation zone, hi another embodiment



of the invention, an actuator for a pressure source may be located about 20 cm, about 40 cm,

about 60 cm, about 100 cm, or an intermediate or greater distance from a cement reservoir.

Examples of hydraulic delivery devices are thoroughly described in PCT application No.

PCT/IL2006/000239 and IL patent application No. 174347 to Beyar et al, the disclosures of

which are fully incorporated herein by reference.

The expansion of the permeable element preferably restores at least part of the height of the

vertebra to its former height. The expansion may restore, for example, up to about 20%,

about 40%, about 60%, about 80%, or intermediate, or higher percentages of a pre-

compression height. A particular feature of some embodiments of the invention is that the

provided material is of sufficient viscosity or sufficiently solidity for preventing or reducing

leakage from the permeable element until the optionally preferred expansion is accomplished,

especially as compared with leakage when using liquid PMMA cement. The pressure needed

to inject the material may be higher than what is typically used in the art to accommodate the

increased viscosity.

In another embodiment of the invention, the permeable element comprises at least one rigid

segment. The permeable element may comprise. any number of several rigid segments each

capable of changing their formation with respect to one another. This may allow the

permeable element to expand or collapse under certain preferred circumstances. In another

embodiment of the invention, the rigid segments may be set as an expandable telescopic tube.

In still another embodiment of the invention, the permeable element may comprise of at least

one rigid element, elastic or inelastic, capable of stretching, elongating or changing its

dimensions in any other way when inner-pressure applied changes. In a further embodiment

of the invention, the rigid element may be made of shape memory material, such as Nitinol.

Figure IF illustrates extraction of the permeable element out of a vertebral body. This

extraction is accomplished by the extraction mechanism 13. The removal of the permeable

element forces it to re-collapse. The collapsing of the permeable element thereby forces the

bone void filler material to penetrate and/or flow through the permeable element walls into the

vertebral body until collapsing formation 14b occurs. To maintain adequate inner-pressure, a

sufficient force upon on plunger may be applied. In an alternative method, the amount of filler

material that flows through the permeable element walls may form a bulk material 16b. The

location and/or the volume of the bulk material may be similar to that previously occupied by

the permeable element in its expanded formation 16a. Preferably, the bulk material has the

properties required for repairing fractures and preserving the height restoration that was



achieved by the previous expansion of permeable element 14. The tube is removed after the

procedure is completed.

Basic extraction mechanisms

Figures 2A and 2B illustrate basic extraction mechanisms in accordance with exemplary

embodiments of the invention. Figure 2A is a cross-sectional view of a mesh structure

introducing system, generally comprising an expandable-collapsible permeable element 14

and an extraction mechanism 20 inside the guiding cannula 11. As schematically illustrated,

the extraction mechanism may comprise several tension wires distally connected to permeable

element 14. Alternatively, the wires may be elongated ends of threads fabricated into the

permeable element walls.

Figure 2B is a cross-sectional view of a mesh structure introducing system, generally

comprising an expandable-collapsible permeable element 14 and an extraction mechanism 2 1

inside the guiding cannula. As schematically illustrated, the extraction mechanism may

comprise an elongated body with outside dimensions sufficient for allowing introduction into

the guiding cannula. Alternatively, the elongated body may be tubular, or hollow, or with

slotted areas on its peripheral wall, or any combination thereof .

Basic filler material delivery devices and methods

Figures 3A and 3B illustrate basic delivery methods and devices in accordance with

exemplary embodiments of the invention. Figure 3A is a cross-sectional view of a mesh

structure introducing system, generally comprising an expandable-collapsible permeable

element 14 and an extraction mechanism 13 inside the guiding cannula. As schematically

illustrated, the bone void filler 30 may be delivered to the permeable element directly through

the extraction mechanism. The permeable element may comprise a permeable or a leak proof

hollow body. Figure 3B illustrates a similar apparatus. In this embodiment, the guiding

cannula serves as the delivery device of the bone void filler material. The bone void filler

material may flow the through location occupied by the extraction mechanism within the

guiding cannula, or it may flow in the space created therebetween, depending upon the

specific configuration of the extraction mechanism (including the example described with

respect to Figs 2A-B).



Basic permeable walled structures

Figures 4A and 4B show a collapsed formation and an expanded formation of permeable

walled structure, respectively, in accordance with exemplary embodiments of the invention.

Figure 4A is a cross-sectional view of an expandable-collapsible permeable element 14

attached to extraction mechanism 2 1 inside the guiding cannula. The permeable element is

shown in its first alternatively preferred collapsed formation 40. The permeable element can

be positioned inside the guiding cannula either in whole or in part when collapsed until it is

placed in the vertebral body prior to the injection of the filler material.

Dotted line 5-5 shows a section of the permeable element. As shown in Figures 5A and 5B,

the permeable element wall may contain several through holes 50 or "blind" holes 51. These

holes permit flow or extrusion of bone void filler material into cancellous bone and/or into a

cavity formed in the vertebral body. In an exemplary embodiment of the invention, the

diameter of the holes may range from about 0.1mm to about 0.5mm. Alternatively, the flow or

extrusion from the holes may occur only after the permeable element has expanded to its

preferred formation configuration. Preferably, the flow or extrusion may occur only during

extraction of the permeable element out of the vertebral body into the distal opening of the

cannula.

The blind hole or holes of the permeable element are preferably closed and may be capable of

being burst by the bone void filler when a higher inner-pressure is achieved and after the

permeable element has expanded to a preferred size or configuration. Alternatively, the

hole(s) of the permeable element may be open and have certain diameter or size, which

permits flowing or exudation of the filler material with certain properties and only after a

preferable inner-pressure is met. The diameter and size of the holes may vary. Alternatively, a

hole's diameter and/or shape may be be changed before, during, or after expansion and/or

injection of bone void filler.

Preferably, the inner-pressure of the permeable element may be developed when or after the

permeable element has expanded to a preferred size or configuration and is extracted from the

vertebral body. The diameter of the holes may range from about 0.1mm to about 0.5mm. The

inner-pressures may exceed 20 to 300 Atmospheres. In one embodiment of the invention, the

holes may be located in specific areas of the permeable element thereby permitting a flowing

of bone void filler to a specific location in vertebral body and/or in a specific flowing

direction.



Fig 4B illustrates another configuration of the permeable element after it has expanded to

another preferred expanded formation 41. As schematically illustrated, the bone void filler

material has filled the volume enclosed by the permeable element and is shown as it emerges

through the holes. Preferably, the bone filler material is delivered to the permeable element

through an opening port 43.

Example 1: Using A Perforated Cannula

Figures 6A-6E show an exemplary set of instruments that can be used for VCF treatment. The

embodiments of the set comprises a guiding cannula 70 (shown in Figure 6A), a fenestrated

cannula 60 (shown in Figure 6B), and an inner rod/stylet 66 (shown in Figure 6C). The

cannula 60 and the inner rod 66 may be assembled (as shown in Figure 6D) prior to insertion

into the body. Generally, the inner rod 66 may be used, when a further hardening of the

cannula is needed (e.g., improved bending durability) during insertion into the bone. The

guiding cannula 70 generally comprises a handle 77 and a body 78 and may be made of any

rigid biocompatible material (e.g. stainless steel).

The cannula 6.0 comprises a handle 6 1 and a body 62 having a distal end 63. The cannula 60

may be made of any rigid biocompatible material (e.g. stainless steel). Preferably, the cannula

body 78 may be made long enough to reach the inner volume of a vertebra during posterior

and/or anterior surgeries. A perforated area with plurality of pores 65 may be placed along at

least part of the cannula distal end 63. Alternatively, there may be at least 2 pores, or at least

10 pores, or at least 50 pores, or at least 100 pores, or at least 200 pores, or at least 500 pores.

In one exemplary embodiment of the invention, the area of the pores has a length L of about

lmm, or about 10mm, or about 20mm, or about 40mm or lesser, or greater, or of intermediate

values. Alternatively, the area of the pores may cover a full rotation around the longitudinal

axis of the cannula 60 (not shown). Alternatively, the area of the pores may cover less than a

full rotation around the same longitudinal axis (as shown in Figure 6E). In one exemplary

embodiment of the invention, the diameter of each pore may be about 0.1mm, or about

0.3mm, or about 0.5mm, or lesser, or greater, or of intermediate values.

Alternatively, the cannula 60 may be sealed at its distal end, so that the filler material may be

delivered only through the pores 65. Alternatively, a shaped tip 64 may be incorporated into

the cannula's distal end, thus creating a seal therewith. Alternatively, the shaped tip may be

specifically designed for allowing particular functionality. In exemplary embodiments, the



shaped tip may be designed as a trocar, and/or a driller, and/or a reamer, thus enhancing bone

access capabilities of the present invention.

The inner rod 66 comprises a handle 61 and a rod 68. When assembled, the distal tip of the

inner rod and the proximal end of the shaped tip are close to one another (not shown), and

optionally in contact. Alternatively, the handles 6 1 and 61 may be capable of being

interconnected.

In an exemplary method of treatment (not shown), the assembled set is introduced into a

vertebra until a preferred portion of the cannula's distal end has penetrated to the desired

location The inner rod is then withdrawn. The bone filler material may then be pressurized

into the cannula towards its distal end. After injection, the cannula may be withdrawn from

the body.

In an alternative embodiment shown in Figure 6F, the fenestrated cannula 60 may be

combined with a longitudinal sleeve cover 110. Alternatively, the cannula and the sleeve

cover may be connected at least to one point and/or a curve and/or an area. They may be

alternatively connected at least at their distal tips. Another alternative may be to crimp the

tips together. .-. . .

In another embodiment of the invention, the sleeve cover may be at least partially made from

a mesh structure (e.g. knitted/weaved fabric) and/or from a perforated membrane. If a mesh

structure is used, it may be appropriate to use fibers having good resistance to tensile strength

(e.g. stainless steel, high performance synthetic fibers, etc). Other biocompatible fibers, such

as plastic (e.g. PMMA) fibers, may also be used.

When the bone filler material is injected into the bone using the injection device described

herein, the sleeve cover is expanded before and/or during extrusion of the bone filler material

into its surroundings. Injection of the bone filler material by embodiments of the present

invention promotes homogeneous interdigitation within the bone and/or around the perforated

segment.

Example 2: Delivering Material Through A Loose Longitudinal Sleeve

Figures 1K-IY) show another exemplary set of instruments that can be used for VCF

treatment. The set comprises a cannula 120 (shown in Figure 7A), a longitudinal sleeve 7 1

(shown in Figure 7B)5 an injection needle 74 (shown in Figure 7C) and a stylet 75 (shown in

Figure 7D).



The cannula 120 comprises a handle 121 and a body 122 and may be made of any rigid

biocompatible material (e.g. stainless steel). Preferably, the cannula body 122 is long enough

to reach the inner volume of a vertebra during posterior and/or anterior surgeries. In one

exemplary-embodiment of the invention, the cannula body 122 is longer than about 50mm, or

longer than about 100mm, or longer than about 150 mm. Alternatively, the cannula body may

be approximately 120mm long. In one exemplary embodiment of the invention, the cannula

body has an outer diameter of about 2mm, or about 4mm, or about 6mm, or lesser, or greater,

or of intermediate values. Alternatively, the outer diameter of the cannula body may be

approximately 4.2mm. Alternative, the inner diameter of the cannula body may be smaller

from its outer diameter by about 0.1mm, or about 0.5mm, or about 2mm. Alternatively, the

inner diameter of the cannula body may be about 3.6mm.

The sleeve 7 1 comprises a handle 73 and a body 72. In one exemplary embodiment of the

invention, the sleeve body 72 may be at least partially made from a mesh structure (e.g.

knitted/weaved fabric) and/or a perforated membrane. If a mesh structure is used, it is most

appropriate to use fibers having a good resistance to tensile strength (e.g. stainless steel, high

performance synthetic fibers, etc). Other biocompatible fibers, such as PMMA fibers, may

also be used. Alternatively, the sleeve handle may be coupled to the guiding cannula handle

121.

Alternatively, the injection needle 74 may be longer than the cannula body 122. The stylet 75

may be alternatively longer than the needle 74. Preferably, when the stylet is introduced into

the sleeve, it may be capable of stretching the sleeve 7 1 to a predetermined length along its

longitudinal axis, and optionally through injection needle 74 to the inner lumen. Optionally,

said delivery system further includes an advance mechanism, capable of advancing and/or

withdrawing the sleeve within the guiding cannula along its lumen.

In an embodiment of the invention, the advance mechanism may include at least two

interconnected elements that permit relative uni-axial motion between them (e.g., a bolt-nut

mechanism). For example, one element (e.g., a nut) may be fixed to the proximal end of the

guiding cannula, and a second element (e.g., a mating bolt) may be connected to the proximal

side of the sleeve. In that manner, the sleeve may travel distally or proximally, according to

the set relative motion between the at least two interconnected elements.

The following steps are part of a complete exemplary procedure. At least a portion of these

steps may be an exemplary embodiment of method of the invention. An example of steps for

filling bone voids is:



(1) Positioning a patient for penetrating the guiding cannula 120 into a vertebra;

(2) Inserting a stylet 75 within an injection needle 74 which is within a sleeve 7 1

in a cannula 120 until at least part of the distal end of the sleeve is emerging out of the distal

opening of the cannula 120 (as shown in Figure 7E);

(3) Withdrawing the stylet out of the body (shown in Figure 7F);

(4) Optionally, partly withdrawing the injection needle to a preferred position, so

that a preferred length of the distal end of the sleeve loosely settles within the vertebra (not

shown);

(5) Introducing bone filler material under pressure into the injection needle so that

the material is urged towards the distal end of the sleeve. The filler material should be

viscous enough and/or the pressure applied should be high enough and/or the pressure impact

should be sufficient so that the distal end of the sleeve may expand to a predetermined

preferred dimension and/or size and/or configuration (as shown in Figure 7G). Preferably, the

maximal diameter of the expanded part of the sleeve should be larger than the inner diameter

of the guiding cannula. Alternatively, the maximal diameter may be greater than about 5mm,

or greater than about 10mm, or greater than about 20mm. The maximal diameter may

alternatively be about 15mm. Preferably, the force applied by the expanded part of the sleeve

to its surroundings is high enough to move the opposing endplates of the vertebra apart.

Alternatively, at least a small quantity of the filler material may extrude or flow through the

meshed walls into the surroundings.

(6) Withdrawing the injection needle out of the body. Optionally, a preferred

minimal pressure may be sustained within guiding the cannula and/or the sleeve.

Alternatively, this step may be accomplished after the filler material has cured to a preferred

higher average viscosity than it was during the injection step, although preferably, it has not

yet totally solidified.

(7) Withdrawing the sleeve out of the body while extracting at least part of the

remaining bone filler material through its meshed walls (as shown in Figure 7H). Preferably,

when the expanded part of the sleeve has maximal diameter within the vertebra and when it is

larger than the inner diameter of the guiding cannula, at least part of the filler material that is

entrapped therein is extruded when the sleeve 7 1 is extracted through the cannula.

(8) Withdrawing the guiding cannula out of the body.



Example 3: Delivering Material Through A Reinforced Longitudinal Sleeve

Figures 8A-8C show an exemplary set of instruments that can be used for VCF treatment.

The set comprises a cannula 120 (shown in Figure 8A), an injection element 80 (shown in

Figure 8B), and a stylet 83 (shown in Figure 8C).

The cannula 120 comprises a handle 121 and a body 122 and may be made of any rigid

biocompatible material (e.g. stainless steel). Preferably, the cannula body 122 is long enough

to reach the inner volume of a vertebra during posterior and/or anterior surgeries. In one

exemplary embodiment of the invention, the cannula body is longer than about 50mm, or

longer than about 100mm, or longer than about 150 mm. Alternatively, the cannula body may

be about 120mm long. In one exemplary embodiment of the invention, the cannula bodymay

have an outer diameter of about 2mm, or about 4mm, or about 6mm, or lesser, or greater, or

of intermediate values. Alternatively, the outer diameter of the cannula body 122 may be

approximately 4.2mm. Alternatively, the inner diameter of the cannula body 122 may be

smaller than its outer diameter by about 0.1mm, or by about 0.5mm, or by about 2mm. The

inner diameter of the cannula body may alternatively be about 3.6mm.

:.. The injection element 80 comprises a relatively rigid injection needle 81, covering the sleeve

.; 82 and the sleeve handle 84. Alternatively, the injection needle 8 1 may be coupled to the

.covering sleeve 82 in at least one spot and/or curve and/or area. Alternatively, they may be

coupled to one another at least at their related proximal sides. In one exemplary embodiment

of the invention, the covering sleeve 82 may be at least partially made from a mesh structure

(e.g. knitted/weaved fabric) and/or a perforated membrane. If a mesh structure is used, it is

most appropriate to use fibers having good resistance to tensile strength (e.g. stainless steel,

high performance synthetic fibers, etc). Other biocompatible fibers, such as PMMA fibers,

may be used also. Optionally, the sleeve handle 84 may be coupled to the guiding cannula

handle 121.

The longitudinal body/bodies of the extraction mechanism should be preferably capable of

withstanding sufficient tension force needed to overcome existing inner-pressure, drag force,

compressive force, or any other combination of forces, in order to re-collapse and extract the

permeable element out of the vertebral body, while still being able to force a sufficient

quantity of bone void filler through the permeable element wall into the vertebral body. In

one embodiment of the invention, the longitudinal body/bodies may be capable of

withstanding sufficient compression force for forcing the permeable element into the

vertebral body through the guiding cannula. In another embodiment of the invention, the



longitudinal body may be the form of a rigid rod. In another embodiment of the invention, the

longitudinal body may be in the form of wire or thread.

The injection needle 8 1 may alternatively be longer than the cannula body. The stylet 83 may

alternatively be longer than the needle 81. Preferably, the stylet is capable of stretching the

sleeve 82 to a predetermined length along its longitudinal axis when the stylet is introduced

therein, optionally through the inner lumen of the injection needle.

The following steps are part of a complete exemplary procedure. At least a portion of these

steps may be an exemplary embodiment of method of the invention. An example of steps for

filling bone voids is:

(1) Positioning a patient for penetrating the guiding cannula 120 into a vertebra;

(2) Inserting the stylet 83 within the injection needle 8 1 of the injection element

80 within the cannula 120 until at least part of the distal end of the sleeve 82 is emerging out

of the distal opening of the cannula (as shown in Figure 8D);

(3) Withdrawing the stylet out of the body;

(4) Introducing bone filler material under pressure into the injection needle of the

injection element. ..The bone filler material should be viscous enough and/or the pressure

applied should be high enough and/or the pressure impact should be sufficient so that the

distal end of the sleeve may expand to a predetermined preferred dimension and/or size

and/or configuration (as shown in Figure 8E). Preferably, the maximal diameter of the

expanded part of the sleeve is larger than the inner diameter of the guiding cannula.

Alternatively, the maximal diameter may be greater than about 5mm, or greater than about

10mm, or greater than about 20mm. The maximal diameter may alternatively be about

15mm. Preferably, the force applied by the expanded part of sleeve to its surroundings may

be high enough to move the opposing endplates of the vertebra apart. Alternatively, at least a

small quantity of the filler material may extrde or flow through the meshed walls into the

surroundings.

(5) Withdrawing the injection element out of the body while extracting at least

part of the remaining bone filler material through its meshed walls (as shown in Figure 8G).

Preferably, when the expanded part of the sleeve has maximal diameter within vertebra and

when it is larger than the inner diameter of the guiding cannula, at least part of the filler

material that is entrapped therein is extruded when the injection element is extracted through

the cannula.

(6) Withdrawing the guiding cannula out of the body.



Using The Exemplary Bone Access Kit

Figures 9A-9C show an exemplary set of instruments, at least a portion of which may be used

as a part of a bone access kit for accessing or penetrating a vertebra. The penetration may

include using a posterior and/or an anterior approach. The set comprises a guiding cannula

120 (shown in Figure 9A), a hollow drill 90 (not shown), and/or a regular drill 9 1 (shown in

Figure 9B), and an optional guide wire 92 (shown in Figure 9C).

In one exemplary embodiment of the invention, the instruments may be part of a complete kit

for accessing a bone and delivering bone filler material therein. For example, they may be

used during a vertebroplasty procedure, when preferably, at least one of the other exemplary

tools of the invention is added.

Preferably, the guiding cannula may be later used for guiding the injection element

containing bone filler material towards the vertebra. The cannula comprises a handle 121 and

a body 122 and may be made of any rigid biocompatible material (e.g. stainless steel).

Preferably, the cannula body may be long enough to reach the inner volume of a vertebra

during posterior and/or anterior surgeries. In one embodiment of the invention, the cannula

body may be longer than about 50mm, or longer than about 100mm, or longer than about 150

mm. The cannula body may be alternatively about 120mm long. In one embodiment of the

invention, the cannula body may have an outer diameter of about 2mm, or about 4mm, or

about 6mm, or lesser, or greater, or of an intermediate value. Alternatively, the outer diameter

of the cannula body may be about 4.2mm. Alternatively, the inner diameter of the cannula

body may be smaller than its outer diameter by about 0.1mm, or by about 0.5mm, or by about

2mm. The inner diameter of the cannula body may alternatively be about 3.6mm.

The drills that are used in this procedure should preferably be rigid enough when they are

inserted into the cannula lumen that they may be capable of protruding out of the lumen.

This is so their drilling/reaming tips may properly be used for accessing, and/or penetrating,

and/or carving into the bone.

The guide wire may be any commercially available guide wire, capable of threading through

the hollow drill.

The following steps are part of a complete exemplary procedure. At least a portion of these

steps may be an exemplary embodiment of method of the invention. An example of steps for

filling bone voids is:



(1) The optional step of inserting the guide wire into the body to a preferred

location (not shown);

(2) Inserting the regular drill and/or the hollow drill, which has been assembled

within the cannula (as shown in Figure 9D), into the body. Alternatively, if the hollow drill

has been used, after performing step (1) above, the hollow drill may be passed through the

guide wire.

(3) The optional step of withdrawing the guide wire from the body (not shown).

(4) Using the drill for accessing the bone (e.g., the vertebra) and penetrating there.

Preferably, at least part of the guiding cannula should penetrate into the vertebra for the later

optional delivery of the bone filler material as previously described other embodiments of the

invention.

(5) Withdrawing the drill from the body (not shown).

An Example of an Alternative Extraction Kit

If at least part of a mesh structure is unable to be extracted out of the bone (e.g., vertebra)

under reasonable force, an alternative method may be.applied so that the procedure may still

be completed appropriately. One optional procedure is to. tear a part of the mesh structure off

from the whole so as to let it remain within the bone. .,In this case, the torn portion to the

mesh structure may be considered as an implant which is combined with the solidified filler

material within the bone structure. Alternatively, at least part of the sleeve or mesh bag may

be cut by using a cutting tool specially designed for this purpose.

If at least part of the sleeve or mesh is to be left within the bone structure, the stylet and the

injection needle are first removed. As the extractor is removed, the mesh is left within the

guiding cannula. The cannula is then removed leaving only the mesh itself. A proximal

loose end of the bag may be then cut off with a knife or surgical scissors thus leaving its

distal end together with the hardened cement therein within the body. Such a procedure is

recommended when it becomes impossible to remove the mesh or bag without damage to the

patient.

Further exemplary embodiment

Figure 1OA illustrates a preferred embodiment of a mesh assembly 100 inserted into a

working cannula 102. In this example, it is to be understood that the working cannula would

be previously inserted and properly located within bone of the patient. The working cannula



has a handle 104 for ease of control. The mesh assembly 100, has a shaft 106. The shaft 106

is the longitudinal sleeve, covering both the needle tube and the stylet. It is shown as

partially inserted into the bore of the working cannula. The mesh assembly has a handle 108

which, in turn, has engagement elements 110 extending therefrom. The engagement

elements are adapted for engaging and releasably securing the handle of the cannula thereto.

Such engagement elements may be, for example, detents or other elements.

The mesh assembly illustrated in Figures 1OA and 1OB includes both the mesh and an

injection needle and is shown with the injection needle secured therein so that only the handle

112 of the injection needle appears. The needle tube is located within the longitudinal sleeve

106. The tube of the injection needle, together with the stylet, stretches the mesh assembly

distally. The injection needle is secured to the handle of the mesh assembly, for example, by

having threads which screw therein. Similarly, the stylet is also secured by threads therein so

that only its knurled knob 114 may be seen in these figures. A rotating handle 116 having a

shaft 118 is depicted extending through the handle of the mesh assembly.

The permeable element or mesh is preferably a porous fabric made into a collapsible sack-

like arrangement. It is inserted into the bone to be filled through the: working cannula.

Preferably, it should protrude therein about 20mm. The mesh is preferably mounted on the

stylet. The stylet should preferably have a blunt leading edge. Alternatively, the extraction

mechanism and the permeable element may be combined in a single instrument.

As illustrated in Figures H A and HB, when the mesh assembly has been secured to the

handle of the properly placed working cannula, preparatory to a cement delivery system

being connected to the mesh assembly, the stylet should first be removed. As shown in

Figures H A and HB, the stylet has a shaft 115. As can now be seen in these figures, the

knurled knob of the stylet is adapted to engage the threads 119 which extend from the handle

112 of the injection needle. As can also be seen in these figures, the handle of the mesh

assembly has been secured to the handle of the working cannula. One main purpose of the

stylet is to give extra rigidity for the cannula-mesh assembly and to stretch the sleeve so it

will protrude out of cannula distal opening and be located within the vertebra. Afterwards, the

stylet should be removed for injecting the bone cement.

As illustrated in Figures 12A and 12B, after the stylet has been removed, a cement delivery

system 120 may be connected to the threads of the injection needle. The cement delivery

system comprises a plunger 122, which is essentially a cylinder 124 having a piston therein.

Extending from the piston is a rod 126 having a handle 128 connected thereto. A



pressurizing line 130 is connected to the cylinder of the plunger for providing pressure for

injecting cement to the bone of the patient. A reservoir 132 having a floating piston therein

(not shown) is depicted attached to the threads of the injection needle. The reservoir is

preferably pre-filled with the prepared cement. The cement is then inserted into the bone of

the patient by the pressure supplied by the plunger 122. This pressure forces the floating

piston positioned within the reservoir 132 to move distally. Injection of the bone filler

material by embodiments of the present invention promotes homogeneous interdigitation

within the bone and/or around the perforated segment. Preferably, when the amount of

injected cement is sufficient, as verified by, for example, fluoroscopy, then the cement

delivery system may be removed. Figures 13A and 13B depict the disconnection of the

cement delivery system from the mesh assembly.

As illustrated in Figures 14A and 14B, after the cement delivery system has been removed

from the mesh assembly, the injection needle may be removed. As can now be seen in these

figures, the injection needle 134 has a shaft 136 that is adapted to fit within the bore of the

working cannula. As can also be seen in these figures, the injection needle may be secured to

the .handle of the mesh assembly, for example, by threads 138 adapted for engaging?

therewith.

Figures 15A and 15B depict the rotational handle of the mesh assembly. After the injection ,

needle has been removed from the handle of the mesh assembly, the mesh is preferably

extracted from the patient. The mesh is extracted by rotating the rotational handle until it is

preferably entirely removed.

Figures 16A and 16B schematically illustrate the operational characteristics of the rotational

handle and its engagement with the mesh and the handle of the mesh assembly. The shaft

118 of the rotational handle has a slot 120 extending at least a portion along its distal end 122

thereby creating a slitted distal end 124. As more particularly illustrated in Figure 16B, the

mesh bag which has been previously described preferably has a loop 130 at its proximal end

132. The loop 132 is adapted for engaging the slitted distal end 124 of the shaft of the

rotational handle. Also shown in Figure 16B is a hole 134 in the bag for allowing the

insertion to the cannula or the guide wire therethrough.

As illustrated in Figure 17, which shows an exploded side view of the engagement of the

rotational handle with the handle of the mesh assembly and the bag, when the rotational

handle is rotated the bag is wound upon the shaft l'l 8. In this way, when the rotational handle

is rotated the bag may be pulled out of the bone of the patient. As the bag is pulled out of the



bone of the patient, the cement material is extracted from the bag thus leaving the cement

remaining within the bone. By extracting the permeable bag out of the bone in this manner,

the pressure therein is increased. This forces the bone void filler material to penetrate the bag

walls and flow through its pores into the cancellous bone and/or cavity in the bone. This

promotes height restoration of the bone and introduces the bone filler material to the body in

an enhanced controlled manner. As preferentially shown herein, the bag is coupled to only

one "tooth" of the slitted distal end of the shaft. Thus, as the handle revolves, the bag wraps

around both teeth.

Although the particular embodiments shown and described above will prove to be useful in

many applications in the bone filling and the vertebral reconstruction art to which the present

invention pertains, further modifications of the present invention will occur to persons skilled in

the art. All such modifications are deemed to be within the scope and spirit of the present

invention as defined by the appended claims.



Claims:

1. A device for filling a void in a patient's bone with bone void filler, comprising:

a. a mechanism having a permeable element secured without releasable threads

thereto; and

b. a cannula for extending into the bone and for guiding said mechanism to the

void;

wherein said permeable element is in a collapsed state when passed through said

cannula and expands within the bone when the bone void filler is applied under

pressure thereto.

2. The device of Claim 1, wherein said permeable element is permeable to the bone void

filler so that the bone void filler may flow into the void when pressure is applied

thereto.

3. The device of Claim 1, further comprising an injection needle for extending into said

permeable element for injecting the bone void filler therein.

4. The device of Claim 1, further comprising a pressurizing device for delivering the

bone void filler into said permeable element.

5. The device of Claim 4, wherein said permeable element is adapted for retaining most

of the bone void filler therein until said permeable element is withdrawn from said

cannula.

6. The device of Claim 4, wherein said pressurizing device delivers pressure exceeding

about 20 Atm.

7. The device of Claim 4, wherein said pressurizing device delivers pressure exceeding

about 100 Atm.

8. The device of Claim 4, wherein said pressurizing device delivers pressure exceeding

about 200 Atm.



9. The device of Claim 5, wherein permeations of said permeable element are about

0.1mm.

10. The device of Claim 5, wherein permeations of said permeable element are about

0.3mm.

11. The device of Claim 5, wherein permeations of said permeable element are about

0.5mm.

12. The device of Claim 5, wherein said permeable element comprises a fabric.

13. The device of Claim 5, wherein said permeable element comprises a biocompatible

material.

14. The device of Claim 5, wherein said permeable element comprises at least one rigid

segment.

15. The device of Claim 1, wherein the bone void filler sets into a hardened condition.

16. The device of Claim 1, wherein the bone void filler is a non-setting material.

17. The device of Claim 1, wherein said permeable element is permanently attached to

said mechanism.

18. The device of Claim 1, wherein said permeable element is detachably attached to said

mechanism.

19. The device of Claim 1, wherein said mechanism is a needle covered with a mesh.

20. The device of Claim 1, wherein said mesh comprises metallic fibers.

21. The device of Claim 1, wherein said mesh comprises synthetic fibers.



22. The device of Claim 1, wherein said mesh comprises aramid fibers.

23. A device for delivering bone filler material to a bone void, comprising a longitudinal

channel having a proximal end and a distal end, wherein said channel has a perforated

segment and said distal end is sealed so that the bone filler material may be applied to

the bone void through said perforated segment.

24. The device of Claim 23, wherein the perforated segment is on said channel wall

proximate said distal end.

25. The device of Claim 24, wherein the perforated segment is circumferentially around a

portion of said channel wall.

26. The device of Claim 24, wherein the perforated segment is circumferentially fully

around said channel wall. . ..: .

27. A method of introducing bone void filler into a void in a patient's bone, comprising:

a. inserting a cannula into the bone;

b. inserting a collapsed permeable element through the cannula into the bone;

c. expanding the permeable element with bone void filler; and

d. extruding the bone void filler into the bone void by extracting the permeable

element through the cannula.

28. The method of Claim 27, wherein the cannula has a passage therein having an inner

diameter of about 2mm or less.

29. The method of Claim 27, wherein the cannula has a passage therein having an inner

diameter of about 4mm or less.

30. A method of introducing bone void filler into a void in a patient's bone, comprising:

a. inserting a cannula into the bone;



b. inserting a mechanism having a collapsed permeable element through the

cannula into the bone, wherein the permeable element is secured to the

mechanism without threads;

c. applying the bone void filler into the bone through the permeable element; and

d. extracting the permeable element through the cannula.
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