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EXPANDABLE BONE FILLER MATERIALS AND METHODS OF USING SAME

RELATED APPLICATION/S

The present application claims priority from US Patent Application No. 60/95 1,7 17

filed on July 25, 2007 and entitled "Expandable Bone Filler Material".

The present application is related to: IL patent application 166,984 filed on

February 17, 2005 and titled "Spine Sponge"; US Patent Application No. 11/461,072 filed

on July 31, 2006 and entitled "Bone Cement and Methods of Use Thereof, which is a

Continuation-in-Part of US Patent Application No. 11/360,25 1 filed on February 22, 2006,

entitled "Methods, Materials and Apparatus for Treating Bone and Other Tissue" and is

also a Continuation-in Part of PCT/IL2005/000812 filed on July 31, 2005; PCT application

PCT/IL2006/052612 filed on July 31, 2006 and entitled "Bone Cement and Methods of

Use thereof; Israel application No. 174,347 filed on March 16, 2006 and entitled "Bone

Cement and Methods of Use thereof and a US patent application filed concurrently

herewith, entitled "Expandable Fillers for Bone Cement".

The contents of the above documents are incorporated herein by reference.

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to bone cement and

methods of use thereof and, more particularly, but not exclusively, to expandable bone

cements and/or fillers and/or methods of making and/or using same.

It is common to employ cement to repair bones in a variety of clinical scenarios. For

example, compression fractures of the vertebrae, which are a common occurrence in older

persons, cause pain and/or a shortening (or other distortion) of stature. In a procedure

known as vertebroplasty cement is injected into a fractured vertebra. Vertebroplasty

stabilizes the fracture and reduces pain, although it slightly restore the vertebral height and

in rare cases to its original height. In vertebroplasty the cement is typically injected in a

liquid phase so that resistance to injection is not too high. Liquid cement may

unintentionally be injected outside of the vertebra and/or may leak out through cracks in the

vertebra or into blood vessels. Such a leakage can be dangerous as it can harm adjacent

nerves and/or other tissue.

In another procedure, known as Kyphoplasty, the fracture is reduced by expanding

a device, such as a balloon, inside the vertebra and then injecting the cement. Kyphoplasty



reduces the risk of cement leakage by permitting a lower pressure to be used for injection

of the cement, as the cement is injected into a pre-dilated void.

US Patent Application No. 11/461,072, the disclosure of which is incorporated

herein by reference, teaches of a new type of bone filler material (commercially available

as "Confidence Bone Cement™" by Disc-O-Tech Medical Technologies, Ltd.; Israel)

having no liquid phase and preserving a relatively stable high viscosity for several minutes

immediately after mixing. These main characteristics provide a substantially safer filler

material for vertebroplasty procedures with less risk of leakage, and further provide some

height restoration in specific cases of Vertebral Compression Fractures (VCF).

US Application Publication No. 2006/0122625 to Truckai et al., the disclosure of

which is incorporated herein by reference, presents a new method of injecting filler

material for treating VCF in which an external energy (e.g., RP) is used to change a

material flow property (e.g., viscosity) during injection and/or in between two sequential

injections. In an embodiment, a first volume of lower viscosity filler is injected to the

vertebra, then RF energy is emitted to enlarge the first volume filler viscosity, and finally a

second volume of same filler is injected into to first volume, which now may serve as an

expandable outer cover, which may improve both leakage durability and height restoration.

SUMMARY OF THE INVENTION

An aspect of some embodiments of the invention relates to providing an expandable

bone filler material. In an embodiment of the invention, the expandable bone filler material

is adapted to engage and/or interface with bones located at the injection site as the material

expands into orifices and/or pores of the bone during and/or after injection. In some

embodiments of the invention, the expandable bone filler material enables low pressure

injection during treatment reducing the chance of undesirable leakage of the filler material

at the injection site. Compression fractures are treated with the expandable bone filler

material wherein expansion of the material de-compresses the fracture, in an embodiment

of the invention.

In an embodiment of the invention, air pockets and/or bubbles within the filler

material expand when heated, thereby causing the filler material as a whole to expand. In

some embodiments of the invention, air pockets are temporarily encased in a degradable

material, such as polyglycolic acid (PGA) which, when the degradable material breaks

down, the air is released resulting in an expansion of the bone filler material matrix.

Optionally, the degradable material is biocompatible and/or biodegradable. In some



embodiments of the invention, the degradable material has a relatively low Tg and when the

bone filler material is heated, but still in the liquid phase, the air is slowly released from the

degradable material expanding the overall bone filler material matrix.

In an embodiment of the invention, air pockets within the filler material are created

during the injection process, wherein an injection device is used which imparts air pockets

to the expandable filler material as it is being injected. Optionally, a cannula with at least

one side exit port is used as the injection device. Optionally, a fenestrated cannula is used

as the injection device such that injected filler material is injected as a plurality of separate

extrusions which aggregate after injection, trapping air pockets therebetween.

In some embodiments of the invention, the expandable bone filler material includes

an additive and/or component which expands when energy is applied to it, thereby

expanding the filler material. For example, materials with low or very low Tg are suitable

to be additives and/or components. Optionally, polymer materials with low or very low Tg

are used as additives. In an embodiment of the invention, a polymer material with a Tg

- under 400C is used. Optionally, a polymer material with a Tg between 300C and 35°C is

used. In some embodiments of the invention, PGA is used as an additive.

In an embodiment of the invention, applied energy is at least one of heat,

radiofrequency (RF), light (coherent and/or broadband), ultrasound, microwave, electrical

and/or magnetic based. Optionally, applied light energy is laser and/or infrared based. In

some embodiments of the invention, at least a portion of the applied heat energy is from the

exothermic reaction of the curing process of the bone filler material. In some embodiments

of the invention, a component or additive is added to the bone filler material depending on

the type of energy to be applied for expansion activation. For example, wire coils are

included in the bone filler material for E-M radiation activation and/or air pockets are

included in the bone filler material for an expansion response to heat and/or ultrasound.

In some embodiments of the invention, the bone filler material is adapted to expand

as a result of absorbing moisture. Optionally, absorbed moisture comes from tissue and/or

other anatomical features of the patient surrounding the expandable material. In some

embodiments of the invention, an additive to the bone filler material expands upon

absorbing moisture, thereby expanding the material.

In some embodiments of the invention, an open-cell foam element (e.g. a sponge) is

added to the bone filler material for providing at least part of the absorption and/or

expansion of the bone filler material.



In an embodiment of the invention, a bone filler material is used in combination

with an expandable object which upon insertion is compressed and subsequently

decompresses causing expansion of the bone filler material. In an embodiment of the

invention, the expandable member is an open-cell foam element. In some embodiments of

the invention, the expandable object is saturated with the bone filler material. In some

embodiments of the invention, the expandable object is coated with the bone filler material.

In some embodiments of the invention, a plurality of expandable objects, such as sponges

and/or compressible balls, are compressed during injection and then expand after arriving at

the treatment site.

In an exemplary embodiment of the invention, at least one of the bone filler material

components or additives produces and/or discharges a gas that promotes bone filler material

expansion. Optionally, gas discharge occurs at a predetermined temperature and/or time-

from-mixing. In an embodiment of the invention, a biodegradable material which releases

CO is used as a gas discharging additive.

In an embodiment of the invention, the expandable bone filler material is adapted to

expand at a predetermined time. In some embodiments of the invention, expansion of the

bone filler material commences upon mixing the material together. In some embodiments

of the invention, the bone filler material does not expand until after a predetermined

amount of time. In an exemplary embodiment of the invention, the bone filler material

starts expansion during the "working phase", the working phase being when the bone filler

material is liquid and/or doughy so it can be manipulated into bone and/or interdigitate

within a cancellous bone. In an exemplary embodiment of the invention, the bone filler

material starts expansion during the "setting phase", the setting phase being when the bone

filler material accelerates its curing to achieve full hardness. Optionally, the bone filler

material starts expanding during the working phase and continues expansion into and after

the setting phase. In an embodiment of the invention, the bone filler material does not

experience expansion until after a predetermined time after the setting phase begins. In

some embodiments of the invention, the bone filler material is set between 10 and 45

minutes from the start of mixing.

In an exemplary embodiment of the invention, the filler material expands after a

predetermined period of time from mixing start.

In some embodiments of the invention, the expansion time is adapted to overlap

for a predetermined time the working phase and/or setting phase of the filler material. A



predetermined expansion time and/or amount are used to provide guidelines and/or

parameters for the timing of the treatment procedure, in an embodiment of the invention.

In an exemplary embodiment of the invention, a specific quantity and/or mass of

the bone filler material is adapted to expand a predetermined amount and/or over a

predetermined period of time.

In some embodiments of the invention, the expandable bone filler is adapted for

treating a compression fractures. Optionally, the compression fracture is a vertebral

compression fracture.

An aspect of some embodiments of the invention relates to a method or methods of

treating compression fractures by injecting an expandable bone filler material in a position

to decompress the compression fracture by expanding. In some embodiments of the

invention, an optional "design" phase for planning performance defining characteristics

including at least one of the location of injection and/or duration of expansion and/or time

of expansion start/end and/or amount of expansion and/or direction(s) of expansion and/or

speed of expansion and/or viscosity (which is optionally variable over time, in an

embodiment of the invention) is included in the treatment method. In some embodiments

of the invention, designing occurs before injection.

In an embodiment of the invention, the bone material filler is mixed at or near the

start of the treatment procedure. Optionally, mixing includes providing an additive to the

bone filler mix which will provide an expansion force to at least a portion of the mixture.

In some embodiments of the invention, a component of the mix provides the expandable

quality to at least a portion of the mixture.

In some embodiments of the invention, the bone filler mixture is injected into a

treatment site using an injection device adapted to cause and/or assist the bone filler

expansion. A cannula is used as an injection device, in some embodiments of the

invention. Optionally, the cannula is a fenestrated cannula which creates air pockets within

the bone filler material during the injection process.

Expansion of the bone filler material is directed and/or designed, in some

embodiments of the invention. For example, the bone filler material is injected in situ in a

specific direction and/or location. Optionally, the bone filler material is injected in a

specific direction and/or location using a cannula as the injection device. In some

embodiments of the invention, expansion of the bone filler material is adapted during the

design process to account for the patient being treated by a pressure relief mechanism, such



as traction, reducing the amount of resistance imparted to the expansion mechanism of the

bone filler material.

In an embodiment of the invention, expandable additive and/or component is

located in some portions of the bone filler material but not in other portions, such that

when expansion of the additive occurs, at least direction and/or amount of expansion is

controlled. In some embodiments of the invention, expansion is pre-designed by

embedding in the bone filler material an expandable body, such as a sponge, which is

adapted to expand in a specific direction or directions. In some embodiments of the

invention, selective application of energy to the bone filler mixture causes energized

portions of the bone filler mixture to expand more than non-energized portions

In an embodiment of the invention, a compressed vertebra is treated using the

methodology described herein.

An aspect of some embodiments of the invention relates to a method of performing

vertebroplasty with an expandable bone filler material while using a low injection pressure

for enhanced safety. In an embodiment of the invention, the expandable quality of the bone

filler material obviates the need for injection at high pressure, which is normally used to

disperse the bone filler material throughout the treatment site and/or into extensive contact

with the bone structure surrounding the treatment site. In an embodiment of the invention,

"low" pressure means less than 15 bar. Optionally, low pressure is between 8 and 15 bar.

Optionally, low pressure is less than 10 bar. In an embodiment of the invention, expanding

the bone filler material at least partially increases the height of the bone structure

surrounding the treatment site. In some embodiments of the invention,

An aspect of some embodiments of the invention relates to performing a method of

kyphoplasty using an expandable bone filler material at a low injection pressure and/or

without using a kyphoplasty balloon. In an embodiment of the invention, "low" pressure

means 15 bar or less. Optionally, low pressure is between 8 and 15 bar. Optionally, low

pressure is less than 10 bar. In an embodiment of the invention, the bone filler material

expands to stabilize and/or increase the height of a bone structure surrounding the

treatment site and/or to provide extensive surface area contact between the bone filler

material and the bone structure.

In some embodiments of the invention, expandable bone filler material is injected

into a treatment site without effectuating height restoration to the bone structure

surrounding the treatment site, for example providing stabilization and/or pain relief

without height restoration.



There is thus provided in accordance with an exemplary embodiment of the

invention, a bone filler material, comprising: at least one component adapted to expand at

least a portion of the bone filler material thereby increasing the overall volume of the bone

filler material. Optionally, the at least one component is a material that hardens. In an

embodiment of the invention, the volume increases by at least 5%. Optionally, the volume

increases by at least 10%. Optionally, the volume increases by at least 20%. Optionally, the

volume increases by at least 50%. Optionally, the volume increases by at least 100%.

In an embodiment of the invention, at least a portion of the at least one component

contributes to expansion as a result of having energy applied to the at least one component.

In some embodiments of the invention, energy is at least one of heat, radiofrequency, light,

ultrasound, microwave, electrical or magnetic. Optionally, light is at least one of coherent

or broadband.

In an embodiment of the invention, the at least one component is air. Optionally, the

air is placed in the bone filler material by gas discharging from the bone filler material.

Optionally, the air is placed into the bone filler material by an injection device during

injection into the treatment site.

In an embodiment of the invention, the at least one component is an open-cell foam

object. Optionally, the open-cell foam object is embedded in the bone filler material in a

compressed condition.

In some embodiments of the invention, at least a portion of the applied energy is

derived from a curing process of the bone filler material.

In an embodiment of the invention, the at least one component is used to impart at

least one performance defining characteristic to the expansion of the material. Optionally, a

characteristic is one of duration of expansion, time from mixing of expansion start, time

from mixing of expansion end, amount of expansion, direction of expansion, speed of

expansion and viscosity. Optionally, at least one performance defining characteristic is

variable over time.

In some embodiments of the invention, the material is biocompatible.

There is further provided in accordance with an exemplary embodiment of the

invention, a method of using an expandable bone filler material, comprising: expanding at

least a portion of the bone filler material, thereby increasing the overall volume of the bone

filler material, at a treatment site. In an embodiment of the invention, the method further

comprises injecting the expandable bone filler material with at least one component adapted

to expand at least a portion of the bone filler material.



In an embodiment of the invention, the method further comprises designing the

material to exhibit at least one performance defining characteristic. In an embodiment of

the invention, a performance defining characteristic is at least one of duration of expansion,

time from mixing of expansion start, time from mixing of expansion end, amount of

expansion, direction of expansion, speed of expansion and viscosity. In an embodiment of

the invention, the method further comprises embedding an expandable object in the

mixture.

In an embodiment of the invention, expanding is activated by applying energy to at

least the portion of the bone filler.

In an embodiment of the invention, the method further comprises withdrawing at

least one injection device from the treatment site.

There is further provided in accordance with an exemplary embodiment of the

invention, a method of at least partially decompressing a compression fracture using an

expandable bone filler material, comprising: injecting the expandable bone filler material at

a treatment site, wherein at least a portion of the bone filler material is adapted to expand,

increasing the overall volume of the material and decompressing at least partially the

compression fracture.

In an embodiment of the invention, the method further comprises designing the

material to exhibit at least one performance defining characteristic. In an embodiment of

the invention, a performance defining characteristic is at least one of duration of expansion,

time from mixing of expansion start, time from mixing of expansion end, amount of

expansion, direction of expansion, speed of expansion and viscosity.

In an embodiment of the invention, the method further comprises embedding an

expandable object in the material.

In an embodiment of the invention, the method further comprises activating at least

the portion of the material adapted to expand by applying energy to the portion. Optionally,

applying energy includes applying at least one of heat, radiofrequency, light, ultrasound,

microwave, electrical or magnetic energy.

In an embodiment of the invention, the method further comprises withdrawing at

least one injection device from the treatment site.

There is further provided in accordance with an exemplary embodiment of the

invention, a method of performing vertebroplasty, comprising: injecting an expandable

bone filler material at a treatment site using an injection pressure less than 15 bar; and,

expanding the bone filler material at the treatment site to at least stabilize a bone structure



surrounding the treatment site. Optionally, the injection pressure is between 8-15 bar. In an

embodiment of the invention, expanding the bone filler material at least partially increases

a height of the bone structure surrounding the treatment site.

There is further provided in accordance with an exemplary embodiment of the

invention, a method of performing kyphoplasty, comprising: injecting an expandable bone

filler material at a treatment site using an injection pressure less than 15 bar; and,

expanding the bone filler material at the treatment to at least stabilize a bone structure

surrounding the treatment site, wherein the treatment site is not prepared for receipt of the

bone filler material prior to injecting. In an embodiment of the invention, the injection

pressure is between 8-15 bar. In an embodiment of the invention, expanding the bone filler

material at least partially increases a height of the bone structure surrounding the treatment

site.

Unless otherwise defined, all technical and/or scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which the

invention pertains. Although methods and materials similar or equivalent to those

described herein can be used in the practice or testing of embodiments of the invention,

exemplary methods and/or materials are described below. In case of conflict, the patent

specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example only,

with reference to the accompanying drawings. With specific reference now to the drawings

in detail, it is stressed that the particulars shown are by way of example and for purposes of

illustrative discussion of embodiments of the invention. In this regard, the description

taken with the drawings makes apparent to those skilled in the art how embodiments of the

invention may be practiced.

In the drawings:

Fig. 1 is a flowchart depicting a method for using an expandable bone filler, in

accordance with an exemplary embodiment of the invention;

Fig. 2 is a flowchart depicting a method for treating a compression fracture, in

accordance with an exemplary embodiment of the invention;



Fig. 3A is a schematic diagram showing expandable bone filler material injected in

proximity to a vertebral compression fracture prior to full expansion of the filler, in

accordance with an embodiment of the invention;

Fig. 3B is a schematic diagram showing expandable bone filler material injected in

proximity to a vertebral compression fracture after at least partial expansion of the filler, in

accordance with an embodiment of the invention;

Fig. 4A is an illustration of an expandable, open-cell foam object compressed in an

injection device prior to expansion, in accordance with an embodiment of the invention;

Fig. 4B is an illustration of an expandable, open-cell foam object being deployed

out of an injection device in a partially expanded form, in accordance with an embodiment

of the invention;

Fig. 4C is an illustration of an expandable, open-cell foam object after expansion at

a treatment site, in accordance with an embodiment of the invention;

Fig. 5A is an illustration of a fenestrated cannula for injecting bone filler material at

a treatment site, in accordance with an exemplary embodiment of the invention;

Fig. 5B is a close-up of the fenestrated cannula extruding bone filler material, in

accordance with an exemplary embodiment of the invention;

Fig. 6A is a cross-sectional view showing bone filler material injected into a

treatment site prior to activation of expansion, in accordance with an embodiment of the

invention; and,

Fig. 6B is a cross-sectional view showing bone filler material being activated at a

treatment site, in accordance with an embodiment of the invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION

Referring to Fig. 1, a flowchart 100 depicting a method for using an expandable,

biocompatible bone filler is shown, in accordance with an exemplary embodiment of the

invention.

In an embodiment of the invention, methods for using an expandable bone filler are

adapted to utilize configurable characteristics of inventive expandable bone filler materials,

as described herein. Designing (102) the characteristics of the expandable bone filler

material is optionally performed prior to mixing (104) of the material, in an embodiment of

the invention. Performance defining characteristics of the bone filler material, in an

embodiment of the invention, include as examples: duration of expansion; and/or time

from mixing of expansion start and/or end; and/or amount of expansion; and/or direction(s)



of expansion; and/or speed of expansion; and/or viscosity (which is optionally variable

over time, in an embodiment of the invention).

In addition to the above, the location of injection of the bone filler material is

optionally optimized in conjunction with a characteristic of the material, for example,

injecting the bone filler material in a specific location such that the bone filler material

expands in a predetermined direction from the specific location to have a desired effect on

the patient. Optionally, a specific location for injection is determined while designing

(102) the characteristics of the bone filler material.

In some embodiments of the invention, the bone filler material is adapted (e.g.

during designing (102)) to engage interstitial spaces of the bones at the injection site in

order to provide a stable and/or supporting bone filler mass once the bone filler material is

set. Optionally, the expandable nature of the bone filler material causes the bone filler to

expand into the interstitial spaces of the bones at the injection site. In some embodiments

of the invention, an attending medical professional designs the bone filler material mixture

on the fly, adjusting at least one of additives and/or components in the mixture, direction

and/or amount and/or type of applied energy, and/or injection device used.

In an embodiment of the invention, speed of expansion is designed (102) by

adjusting applied energy and/or porosity of the material coating the at least one additive.

Optionally, the material coating the additive is the bone filler material. Optionally, the

material coating the additive is a part of the additive. In some embodiments of the

invention, expansion is halted by an inherent property of the additive (e.g. a sponge has a

maximum amount it can expand) and/or by limiting the applied energy, for example

terminating exposure of the bone filler material to the applied energy. In some embodiment

of the invention, viscosity is controlled and/or designed in order to achieve a desired

amount of expansion. Optionally, a known viscosity profile of the base components of the

bone filler material determines the choice of additive(s) and/or applied energy used.

In some embodiments of the invention, expansion of the bone filler material is

adapted during the design (102) process to account for the patient being treated by a

pressure relief mechanism, such as traction, reducing the amount of resistance imparted to

the expansion mechanism of the bone filler material during expansion at the treatment site.

Base components of the bone filler material may be of any bone cement type and/or

any biocompatible filler material known to those skilled in the art, in an embodiment of the

invention. Optionally, the bone filler material is acrylic bone cement, produced by mixing

(104) at least two components, one of which contains a polymethylmethacrylate powder



and the other component containing a liquid methylmethacrylate monomer. In some

embodiments, the bone filler material is a calcium phosphate based material.

In an embodiment of the invention, bone filler material expansion is accomplished

by expansion of at least one component of said filler material and/or a specific region or

part of the filler material. In some embodiments of the invention, mixing (104) includes

adding at least one component or additive 602, shown in Fig. 6A, which is adapted to

provide expansive forces to the bone filler material mixture at the treatment site 608. In an

embodiment of the invention, the at least one additive is radio-opaque. In some

embodiments of the invention, the at least one component represents between 5% and 45%

of the total volume of the bone filler material mixture. Optionally, the at least one

component represents more than 45% of the total volume of the mixture.

In some embodiments of the invention, materials with low or very low Tg are

suitable to be additives and/or components. Optionally, polymer materials with low or very

low Tg are used as additives. In an embodiment of the invention, a polymer material with a

Tg under 40°C is used. Optionally, a polymer material with a Tg between 30°C and 35°C is

used. In some embodiments of the invention, PGA is used as an additive.

In an embodiment of the invention, the additive expands as a result of energy 604

applied to it, such as described with respect to activation ( 110) and Fig. 6B, below. In some

embodiments of the invention, a component or additive is added to the bone filler material

depending on the type of energy to be applied for expansion activation ( 110). For example,

wire coils are included in the bone filler material for E-M radiation activation (110) and/or

air pockets are included in the bone filler material for an expansion response to heat and/or

ultrasound.

In some embodiments of the invention, the additive discharges a gas which causes

expansion of the bone filler material. In an embodiment of the invention, a biodegradable

material which releases CO is used as a gas discharging additive.

In some embodiments of the invention, the bone filler material is designed (102) to

contain air pockets which, when heated, expand causing the bone filler material to expand

in general. In some embodiments of the invention, air pockets are temporarily encased in a

degradable material, such as PGA which, when the degradable material breaks down, the

air is released resulting in an expansion of the bone filler material matrix. Optionally, the

degradable material is biocompatible and/or biodegradable. In some embodiments of the

invention, the degradable material has a relatively low Tg (e.g. 36°C-40°C) and when the

bone filler material is heated, but still in the liquid phase, the air is slowly released from the



degradable material. Air pockets are optionally created in the bone filler material during

mixing (104) and/or injection (108), as described in more detail below. In some

embodiments of the invention, air pockets are added at the treatment site separately from

the bone filler material. In an embodiment of the invention, air pockets represent between

10% and 45% of the volume of the bone filler material mixture.

In some embodiments of the invention, the bone filler material is designed (102) to

expand in a particular spatial fashion. For example, the material is designed (102) to

expand in a specific direction or directions and/or with a particular shape (e.g. spherical

expansion).

In an exemplary embodiment of the invention, at least a portion of the bone filler

material expands at least 5% from its original volume. Optionally, at least a portion of the

bone filler material expands at least 10% from its original volume. Optionally, at least a

portion of the bone filler material expands at least 20% from its original volume.

Optionally, at least a portion of the bone filler material expands at least 50% from its

original volume. Optionally, at least a portion of the bone filler material expands at least

100% from its original volume.

In an embodiment of the invention, the addition of air pockets which represent

about 10%-20% by volume of the bone filler material and/or the addition of a sufficient

amount of additive, like PGA, to expand the bone filler material by about 10%-15% will

diminish the strength of the bone filler material by about 10%- 15%.

In an exemplary embodiment of the invention, the bone filler material starts to

expand after a preset period of time after mixing (104) starts. In an embodiment of the

invention, expansion starts immediately. Optionally, expansion occurs more than 3 minutes

after mixing (104) of the filler material components starts. Optionally, expansion occurs

more than 5 minutes after mixing (104) of the filler material components starts. Optionally,

expansion occurs more than 10 minutes after mixing (104) of the filler material

components starts. Optionally, expansion occurs more than 15 minutes after mixing (104)

of the filler material components starts. In some embodiments of the invention, expansion

occurs a matter of hours or days after the mixing (104) starts, which in some embodiments

of the invention, is after the bone filler material has been injected into the patient. A

predetermined expansion time and/or amount are used to provide guidelines and/or

parameters for the timing of the treatment procedure, in an embodiment of the invention.

In an embodiment of the invention, mixing (104) starts the expansion of the bone

filler material, as described elsewhere herein. In some embodiments of the invention,



wherein base components of the bone filler material are acrylic, the bone filler material

goes through a polymerization process after mixing (104) starts, so the mixed material

becomes more viscous over time until it sets to full hardness. Optionally, full hardness is

similar to bone hardness. Optionally, bone filler material hardness is softened by at least

one additive or component in the mixture. Different compositions may lead to different

polymerization behaviors/profiles/characteristics, however all acrylic bone filler materials

have at least two main phases after mixing: the "working phase", when the bone filler

material is liquid and/or doughy so it can be manipulated into bone and/or interdigitate

within a cancellous bone, and the "setting phase", when the bone filler material

polymerization accelerates until full hardness. In an exemplary embodiment of the

invention, the bone filler material expands after it is introduced into bone and before and/or

during its setting phase. In some embodiments of the invention, bone material expansion

begins while still in the working phase. Various mixing (104) techniques are optionally

used to impart at least expansion promoting property to the bone filler material, for

example bone filler material containing entrapped air pockets can be prepared by mixing

the material components with air (as in non-vacuum mixers).

It should be understood that additives and/or components are optionally added

depending on the desired performance of the bone filler material and that actual

formulations of bone filler materials may vary depending on the needs of the patient and/or

the opinion of the attending medical professional.

In some embodiments of the invention, an expandable object or objects are

optionally embedded (106) in the bone filler material. At least one moisture absorbent,

expandable open-cell foam object, for example a sponge, is embedded (106) in the bone

filler material mixture, in an embodiment of the invention. Exemplary absorbent materials

are described in US Patent No. 6,692,528 to Ward et al, the disclosure of which is fully

incorporated herein by reference. In some embodiments of the invention, the moisture

which is absorbed by the at least one moisture absorbent expandable object comes from the

surrounding tissue of the patient's body.

In an exemplary embodiment of the invention, the bone filler material is introduced

into a bone (e.g. a vertebral body) with at least one expandable, optionally initially

compressed, object. Optionally, the at least one expandable, optionally initially

compressed, object is a sponge. In some embodiments of the invention, the expandable

object(s) is not nominally sufficient by itself to support the structures surrounding the



treatment site but when used in combination with the bone filler material and/or with a

plurality of objects is sufficient to provide support.

In an embodiment of the invention, when the object decompresses, it causes

expansion in a predetermined and/or designed direction or directions. In some

embodiments of the invention, a plurality of expandable objects, such as sponges and/or

compressible balls, are compressed during injection and then expand after arriving at the

treatment site. In some embodiments of the invention, the initially compressed expandable

object is also moisture absorbent. Optionally, the object is soaked and/or saturated with

said filler material when embedded (106). Alternatively and/or optionally, the object is

introduced separately from the bone filler material into the patient. Optionally, the object is

introduced without any or additional bone filler material being introduced into the patient.

In some embodiments of the invention, the object is introduced in conjunction with the

bone filler material after it has begun to cure, reducing and/or eliminating the amount of

bone filler material absorbed by the object. In some embodiments of the invention, bone

filler material is used to fix the object to its surroundings within the patient.

In an embodiment of the invention, the object 400 is introduced to the treatment site

404 via a cannula 402 while in compressed mode (shown in Fig. 4A) and then expands to a

larger size, as shown in Figs. 4B-4C. Optionally, a small diameter cannula (for example

having l-5mm diameter, optionally about 3mm diameter) is used. As described above,

bone filler material 406 is optionally used in conjunction with the expandable object 400. It

should be noted that while Fig. 4C illustrates the object 400 occupying the treatment site

404 almost entirely, in some embodiments of the invention, the object 400 expands to only

partially occupy the treatment site 404.

In an exemplary embodiment of the invention, at least one of the bone filler

material components or additives produces or discharges gas that promotes overall bone

filler material expansion. Optionally, gas discharge occurs at a predetermined temperature

and/or time. Optionally, the time is measured from mixing.

In an exemplary embodiment of the invention, the bone filler material is injected

(108) into a treatment site via an injection device, such as a cannula. In some embodiments

of the invention, the injection device is used to inject (108) the bone filler material into a

specific location and/or in a specific direction at the treatment site. An exemplary injection

device having a side exit port for providing directed bone filler material injection (108) is

described in US Patent Application No. 11/468,421, the disclosure of which is

incorporated herein by reference.



The injection device is optionally used to provide the bone filler material mixture

with a desirable property, for example containing air pockets, in an exemplary embodiment

of the invention. Optionally, a fenestrated cannula 500, shown in more detail in Figs. 5A

and 5B, is used as the injection device for imparting air pockets to the bone filler material

mixture. Using a fenestrated cannula, the filler material is injected (108) into the treatment

site as separated, thin hair-like extrusions 504 that are aggregated inside the patient at the

treatment site, trapping air pockets between the extrusions that have aggregated.

An exemplary fenestrated cannula that is optionally modified for use as an injection

device using the herein described methodologies is described in PCT Patent Application

No. PCT/IL2007/000484, the disclosure of which is incorporated herein by reference. In

some embodiments of the invention, the fenestrations 502 of the fenestrated cannula is

modified to impart air pockets in certain portions of the injected bone cement. Optionally,

the fenestrated cannula 500 is adapted to create certain sizes and/or certain parts per

volume of air pockets in the bone filler material.

In an embodiment of the invention, the air pockets and/or bubbles expand when

activated (110) by heat, thus promoting expansion of the overall bone filler material mass.

In some embodiments of the invention, the injection device is also used to inject fluids

and/or expandable additives and/or components and/or objects with the bone filler

material.

In an embodiment of the invention, the expandable bone filler material is injected

(108) at a "low" pressure helping to avoid leakage of the bone filler material into undesired

areas of the patient's body. The expandable quality of the bone filler material is optionally

used to expand bone filler material into cracks, crevices and/or interstitial spaces at the

treatment site, as shown in Figs. 3A-3B and 4A-4C, in lieu of high pressure (which is one

technique used today for providing wide dispersion of bone cement in a space), in an

embodiment of the invention. In some embodiments of the invention, expandable additives

and/or methods are used with a calcium phosphate based bone filler material, which

typically does not work well in high pressure injection situations.

As described herein, high pressure injection carries with it the risk of leakage of the

bone filler material into unintended, possibly unsafe, locations. In some embodiments of

the invention, the injection (108) pressure is low relative to the above-referenced

conventional bone cement treatment procedures (e.g. vertebroplasty). Optionally, "low

pressure is under 15 bar. Optionally, "low" pressure means 8-15 bar. Optionally, "low"

pressure is under 10 bar. In some embodiments of the invention, the "low" injection



pressure is used without preparation of the treatment site prior to injection of the bone filler

material, for example without using a kyphoplasty balloon, in a procedure which takes

advantage of the expandable nature of the bone filler material, as described herein.

As described elsewhere herein, expansion of the bone filler material is activated

( 110) in some embodiments of the invention. Optionally, an attending medical professional

activates (110) expansion of the bone filler material using a form of applied energy. In an

embodiment of the invention, applied energy is at least one of the following:

radiofrequency (RF), heat, light (coherent or broadband), including laser and IR,

ultrasound, microwave, electrical and/or magnetic. In some embodiments of the invention,

applied energy derives from the injection device (e.g. cannula or injection needle) and/or a

tool 606 inserted with the injection device, as shown in Fig. 6B. Activation (110) is

optionally halted upon the attainment of the desired expansion amount of the bone filler

material. In some embodiments of the invention, the bone filler material is adapted such

that the applied energy required to activate ( 110) its expansion is within a safe level. For

example, using heat as applied energy doesn't burn the patient in order to activate (110)

the bone filler material. Optionally, the application of applied energy is targeted such that

the patient is not adversely effected by the energy, even if the energy is at a level which

nominally would be dangerous to the patient.

In some embodiments of the invention, at least a portion of the applied energy is

derived from the bone filler material itself, for example heat generated from the curing

process. During the setting phase, the heat emitted from the exothermic curing process of

the bone filler material may raise the filler material temperature to 70-1400C. Optionally,

self-expansion occurs when the curing process of the acrylic (in embodiments where at

least one base component is acrylic based) filler material reaches a minimal higher

temperature, for example at the beginning of the setting phase. Optionally, the activation

(110) temperature is higher than 37°C. Optionally, the activation (110) temperature is

higher than 5O0C. Optionally, the activation (110) temperature is higher than 700C.

Optionally, the activation (110) temperature is higher than 12O0C. In an exemplary

embodiment of the invention, the bone filler expansion process absorbs at least part of the

heat emitted during the curing process so that the temperature surrounding the curing bone

filler material remains relatively low. Optionally, the temperature surrounding the curing

bone filler material is not substantially higher than 370C.

In some embodiments of the invention, applied energy is derived from the body

heat of the patient.



In some embodiments of the invention, at least a portion of the bone filler material

contains air pockets and/or bubbles, that expand when heated, thus promoting expansion of

at least a portion of the overall bone filler material mass. Applied energy is optionally used

to activate (110) expansion of the air pockets and/or bubble.

Once injection (108) and/or optional activation (110) are performed, some or all

injection devices and/or other instruments used for performing the procedure within the

patient are withdrawn ( 112) from the patient, in an embodiment of the invention.

Fig. 2 shows a flowchart 200 depicting a method for treating a compression

fracture, in accordance with an exemplary embodiment of the invention. Optionally, the

compression fracture is a vertebral compression fracture such as shown in Figs. 3A and 3B.

In an embodiment of the invention, some or all of the actions of the method shown and

described with respect to Fig. 1 are employed in a method for treating a compression

fracture. For example, some or all of designing (202) the filler material, mixing (204) the

material, embedding (206) an expandable object objects in the material, injecting (208) that

material into a treatment site, activating (210) expansion of at least a portion of the bone

filler material and/or withdrawing (212) treatment devices are optionally performed as

described elsewhere herein.

In a method for treating a compression fracture, some actions are optionally tailored

to address compression fracture issues. For example, in some embodiments of the

invention, designing (202) is used to define a bone filler material which will exhibit

characteristics which will restore the compression fracture at least partially. In an

embodiment of the invention, an object or objects are embedded (206) in the bone filler

material which, upon expansion, will restore at least partially the compression fracture to a

pre-fracture and/or healthy condition. Injection (208) is optionally performed to deposit the

bone filler material in the most advantageous location or locations for restoring the

compressed fracture.

In an embodiment of the invention, expandable bone filler material 300 is used to

treat a vertebral compression fracture 302, shown in Fig. 3A, by injecting the material with

an injection device 306 into the interior 304 of the vertebra and expanding the material 300

to decompress the compression 302 (where the compressed vertebra has a height = x). In

some embodiments of the invention, the expansion of the bone filler material 300 in the

vertebra interior 304 restores the bone to at least a portion of its former, healthy height,

shown in Fig. 3B (where height x + y, y being some distance larger than 0). Optionally,

the vertebra is restored to its full height prior to the compression fracture. In some



embodiments of the invention, the bone filler material is injected (208) specifically

towards the lower and/or upper vertebral end plate(s) 308, 310 respectively, in order to

improve height restoration. In some embodiments of the invention, the expandable bone

filler material is used to provide stability to an implant for treating the compression

fracture located within the interior 304 of the vertebra by expanding around the implant

and into the space between the implant and the bone. In some embodiments of the

invention, the bone filler material is designed (202) to expand to decompress the vertebra

until a predefined resistance is exerted on the bone filler material, at which point it expands

and/or flows laterally {i.e. not in a direction which causes height enhancement of the

vertebra).

In some embodiments of the invention, the described bone filler materials and/or

methodologies are used for treating tibial plateau fractures.

Although the invention has been described in conjunction with specific

embodiments thereof, it is evident that many alternatives, modifications and variations will

be apparent to those skilled in the art. Accordingly, it is intended to embrace all such

alternatives, modifications and variations that fall within the spirit and broad scope of the

appended claims.

All publications, patents and patent applications mentioned in this specification are

herein incorporated in their entirety by reference into the specification, to the same extent

as if each individual publication, patent or patent application was specifically and

individually indicated to be incorporated herein by reference. In addition, citation or

identification of any reference in this application shall not be construed as an admission that

such reference is available as prior art to the present invention. To the extent that section

headings are used, they should not be construed as necessarily limiting.

The terms "comprises", "comprising", "includes", "including", "having" and their

conjugates mean "including but not limited to". This term encompasses the terms

"consisting of and "consisting essentially of.

The phrase "consisting essentially of means that the composition or method may

include additional ingredients and/or steps, but only if the additional ingredients and/or

steps do not materially alter the basic and novel characteristics of the claimed composition

or method.

As used herein, the singular form "a", "an" and "the" include plural references

unless the context clearly dictates otherwise. For example, the term "a compound" or "at

least one compound" may include a plurality of compounds, including mixtures thereof.



Throughout this application, various embodiments of this invention may be

presented in a range format. It should be understood that the description in range format is

merely for convenience and brevity and should not be construed as an inflexible limitation

on the scope of the invention. Accordingly, the description of a range should be considered

to have specifically disclosed all the possible subranges as well as individual numerical

values within that range. For example, description of a range such as from 1 to 6 should

be considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4,

from 1to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within

that range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of the

range.

Whenever a numerical range is indicated herein, it is meant to include any cited

numeral (fractional or integral) within the indicated range. The phrases "ranging/ranges

between" a first indicate number and a second indicate number and "ranging/ranges from"

a first indicate number "to" a second indicate number are used herein interchangeably and

are meant to include the first and second indicated numbers and all the fractional and

integral numerals therebetween.

Although the invention has been described in conjunction with specific

embodiments thereof, it is evident that many alternatives, modifications and variations will

be apparent to those skilled in the art. Accordingly, it is intended to embrace all such

alternatives, modifications and variations that fall within the spirit and broad scope of the

appended claims.

It is appreciated that certain features of the invention, which are, for clarity,

described in the context of separate embodiments, may also be provided in combination in

a single embodiment Conversely, various features of the invention, which are, for brevity,

described in the context of a single embodiment, may also be provided separately or in any

suitable subcombination or as suitable in any other described embodiment of the invention.

Certain features described in the context of various embodiments are not to be considered

essential features of those embodiments, unless the embodiment is inoperative without

those elements.

As used herein the term "method" refers to manners, means, techniques and

procedures for accomplishing a given task including, but not limited to, those manners,

means, techniques and procedures either known to, or readily developed from known

manners, means, techniques and procedures by practitioners of the chemical,

pharmacological, biological, biochemical and medical arts.



As used herein, the term "treating" includes abrogating, substantially inhibiting,

slowing and/or reversing the progression of a condition, substantially ameliorating clinical

and/or aesthetical symptoms of a condition and/or substantially preventing and/or delaying

the appearance of clinical and/or aesthetical symptoms of a condition.

The word "exemplary" is used herein to mean "serving as an example, instance or

illustration". Any embodiment described as "exemplary" is not necessarily to be construed

as preferred or advantageous over other embodiments and/or to exclude the incorporation

of features from other embodiments.

The word "optionally" is used herein to mean "is provided in some embodiments and

not provided in other embodiments". Any particular embodiment of the invention may

include a plurality of "optional" features unless such features conflict.

All publications, patents and patent applications mentioned in this specification are

herein incorporated in their entirety by reference into the specification, to the same extent

as if each individual publication, patent or patent application was specifically and

individually indicated to be incorporated herein by reference. In addition, citation or

identification of any reference in this application shall not be construed as an admission that

such reference is available as prior art to the present invention. To the extent that section

headings are used, they should not be construed as necessarily limiting.



WHAT IS CLAIMED IS:

1. A bone filler material, comprising:

at least one component adapted to expand at least a portion of the bone filler

material thereby increasing the overall volume of the bone filler material.

2. A bone filler material according to claim 1, wherein the at least one component is a

material that hardens.

3. A bone filler material according to claim 1 or claim 2, wherein the volume increases

by at least 5%.

4. A bone filler material according to any of claims 1-3, wherein the volume increases

by at least 10%.

5. A bone filler material according to any of claims 1-4, wherein the volume increases

by at least 20%.

6. A bone filler material according to any of claims 1-5, wherein the volume increases

by at least 50%.

7. A bone filler material according to any of claims 1-6, wherein the volume increases

by at least 100%.

8. A bone filler material according to any of claims 1-7, wherein at least a portion of

the at least one component contributes to expansion as a result of having energy applied to

the at least one component.

9. A bone filler material according to claim 8, wherein energy is at least one of heat,

radiofrequency, light, ultrasound, microwave, electrical or magnetic.

10. A bone filler material according to claim 9, wherein light is at least one of coherent

or broadband.



11. A bone filler material according to any of claims 1-10, wherein the at least one

component is air.

12. A bone filler material according to any of claims 1-11, wherein the at least one

component is an open-cell foam object.

13. A bone filler material according to claim 12, wherein the open-cell foam object is

embedded in the bone filler material in a compressed condition.

14. A bone filler material according to any of claims 8-10, wherein at least a portion of

the applied energy is derived from a curing process of the bone filler material.

15. A bone filler material according to claim 11, wherein the air is placed in the bone

filler material by gas discharging from the bone filler material.

16. A bone filler material according to claim 11, wherein the air is placed into the bone

filler material by an injection device during injection into the treatment site.

17. A bone filler material according to any of claims 1-16, wherein the at least one

component is used to impart at least one performance defining characteristic to the

expansion of the material.

18. A bone filler material according to claim 17, wherein a characteristic is one of

duration of expansion, time from mixing of expansion start, time from mixing of expansion

end, amount of expansion, direction of expansion, speed of expansion and viscosity.

19. A bone filler material according to claim 17 or claim 18, wherein at least one

performance defining characteristic is variable over time.

20. A bone filler material according to any of claims 1-19, wherein the material is

biocompatible.

21. A method of using an expandable bone filler material, comprising:



expanding at least a portion of the bone filler material, thereby increasing the

overall volume of the bone filler material, at a treatment site.

22. A method according to claim 21, further comprising injecting the expandable bone

filler material with at least one component adapted to expand at least a portion of the bone

filler material.

23. A method according to claim 2 1 or claim 22, further comprising designing the

material to exhibit at least one performance defining characteristic.

24. A method according to claim 23, wherein a performance defining characteristic is at

least one of duration of expansion, time from mixing of expansion start, time from mixing

of expansion end, amount of expansion, direction of expansion, speed of expansion and

viscosity.

25. A method according to any of claims 21-24, further comprising embedding an

expandable object in the mixture.

26. A method according to any of claims 21-25, wherein expanding is activated by

applying energy to at least the portion of the bone filler.

27. A method according to any of claims 21-26, further comprising withdrawing at least

one injection device from the treatment site.

28. A method of at least partially decompressing a compression fracture using an

expandable bone filler material, comprising:

injecting the expandable bone filler material at a treatment site, wherein at least a

portion of the bone filler material is adapted to expand, increasing the overall volume of the

material and decompressing at least partially the compression fracture.

29. A method according to claim 28, further comprising designing the material to

exhibit at least one performance defining characteristic.



30. A method according to claim 29, wherein a performance defining characteristic is at

least one of duration of expansion, time from mixing of expansion start, time from mixing

of expansion end, amount of expansion, direction of expansion, speed of expansion and

viscosity.

31. A method according to any of claims 28-30, further comprising embedding an

expandable object in the material.

32. A method according to any of claims 28-31, further comprising activating at least

the portion of the material adapted to expand by applying energy to the portion.

33. A method according to claim 32, wherein applying energy includes applying at least

one of heat, radiofrequency, light, ultrasound, microwave, electrical or magnetic energy.

34. A method according to any of claims 28-33, further comprising withdrawing at least

one injection device from the treatment site.

35. A method of performing vertebroplasty, comprising:

injecting an expandable bone filler material at a treatment site using an injection

pressure less than 15 bar; and,

expanding the bone filler material at the treatment site to at least stabilize a bone

structure surrounding the treatment site.

36. A method according to claim 35, wherein the injection pressure is between 8-15

bar.

37. A method according to claim 35 or claim 36, wherein expanding the bone filler

material at least partially increases a height of the bone structure surrounding the treatment

site.

38. A method of performing kyphoplasty, comprising:

injecting an expandable bone filler material at a treatment site using an injection

pressure less than 15 bar; and,



expanding the bone filler material at the treatment to at least stabilize a bone

structure surrounding the treatment site, wherein the treatment site is not prepared for

receipt of the bone filler material prior to injecting.

39. A method according to claim 38, wherein the injection pressure is between 8-15

bar.

40. A method according to claim 38 or claim 39, wherein expanding the bone filler

material at least partially increases a height of the bone structure surrounding the treatment

site.
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