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INTEGRATED BONE BIOPSY AND THERAPY APPARATUS

RELATED APPLICATIONS

The present application draws priority from U.S. Provisional Application
60/817,070 filed June 29, 2006 entitled “Integrated Bone Access, Biopsy Needle and
Filler Material Delivery System”, and from U.S. Provisional Application 60/832,122
filed July 21, 2006, also entitled “Integrated Bone Access, Biopsy Needle and Filler
Material Delivery System”.

The present application is related to US provisional applications 60/763,003,
entitled “Cannula” filed on January 26, 2006; and to 60/721,094 filed on September
28, 2005 and entitled “Tools and Methods for Material Delivery into the Body”, the
disclosures of which are incorporated herein by reference.

The present application is related to IL patent application No. 174347 filed on
March 16, 2006 and entitled "Bone Cement and Methods of Use Thereof", which is a
Continuation-in-Part of US patent application 11/360,251 filed on February 22, 2006
and entitled “Methods, Materials and Apparatus for Treating Bone and Other Tissue”,
which claimed the benéﬁt under 35 USC 119(e) of US provisional applications
60/765,484 filed on February 2, 2006 and entitled “Methods , Materials and
Apparatus for Treating Bone and Other Tissue™; 60/762,789 filed on January 26, 2006
and entitled “Methods, Materials and Apparatus for Treating Bone and Other
Tissue™; 60/763,003, entitled “Cannula” filed on January 26, 2006; 60/738,556 filed
November 22, 2005 and entitled “Methods, Materials and Apparatus for Treating
Bone and other Tissue”; 60/729,505 filed October 25, 2005 and entitled “Methods,
Materials and Apparatus for Treating Bone and other Tissue™; 60/720,725 filed on
September 28, 2005 and entitled "Tools and Methods for Treating Bones" and U.S.
provisional application number 60/721,094 filed on September 28, 2005 and entitled
“Tools and Methods for Material Delivery into the Body”. The disclosures of these
applications are incorporated herein by reference.

The present application is related to PCT application PCT/IL2006/000239
filed on February 22, 2006, the disclosure of which is incorporated herein by
reference.

Each of the documents mentioned above are hereby incorporated herein by

reference.



10

15

20

25

30

WO 2008/001385 PCT/IL2007/000808

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to apparatus and methods for extracting a tissue
sample from a body organ and injecting a therapeutic substance into that organ using
a same cannula. Embodiments of the invention are particularly useful for extracting a
sample of cancellous bone and injecting a bone cement or bone filler material into a
bone.

Surgical and/or interventional treatment of fractured bones, osteoporotic
bones, deformed bones and the like occasionally includes the use of various types of
bone fillers, used to reinforce and stabilize the bone, restore its original configuration,
and/or alleviate pain.

For example, vertebral fractures such as vertebral compression fractures
(VCFs) may be treated using the vertebroplasty technique, during which a bone
cement such as PMMA is injected into the vertebral body, usually through a cannula
having a diameter of between 1 to 4 mm. Current vertebroplasty procedures typically
rely upon a needle and stylet assembly.

One typical cause of vertebral fractures is existence of a malignant tumor. When
suspicion of a malignancy exists, common clinical practice is to sample the suspected
tissue by performing a biopsy prior to or during the VCF treatment. Know art in this
field includes use of a working sleeve to penetrate into a vertebra (or other organ),
introduction of a biopsy needle through the working sleeve into the bone area,
withdrawal of needle and sleeve after tissue sampling, and then introducing an
injection needle or cannula into the damaged vertebral body, and there using needle or

cannula to deliver bone cement to reinforce the bone.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide methods and apparatus for

integration of biopsy sampling with VCF and vertebroplasty procedures, thereby
potentially rendering such treatment more efficient and more rapid, saving time for
surgeons and reducing risk to patients. Embodiments of the invention provide
cannula adapted both for extraction of an organic tissue sample from a body and also
for injection of a therapeutic material into that body. Some embodiments can be used

for collecting samples of cancellous bone tissue when the cannula is inserted in a
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3
bone, and then subsequently guiding a fluid material such as a bone cement into the

same (or a nearby) tissue locus. Among embodiments for collecting samples of
cancellous bone tissue include embodiments comprising a cannula having a side
opening and an internal structure which guides a biopsy needle advanced through the
cannula to pass through that side opening and thence to penetrate the bone tissue.

In some embodiments, the cannula comprises a plurality of slits, which are
provided to facilitate plastic deformation of the cannula. In some cases the slits are
sized and positioned in such a way that when the cannula is bent in a pre-planned
direction and to a pre-planned extent, slits which were initially somewhat open are
closed by the bending, so that although the slits provide enhanced flexibility of the
cannula as a whole, there is little or no tendency of fluid traversing through the bent
cannula to leak therefrom. In particular, the size, shape, and position of the slits may
be so calculated that when the cannula is bent in a predetermined direction, the
amount of opening in the cannula is reduced, as compared to the slit openings in the
cannula when the cannula is unbent.

Since it is anticipated that the cannula will often be used in a clinical context
where imaging modalities such as x-ray imaging and in particular fluoroscopy will be
used to guide placement of the cannula and to monitor cannula use, in some
embodiments a manipulating rod is provided, together with a connector for
connecting rod to cannula, such that with rod connected to cannula, a surgeon can
manipulate and control the cannula by holding the rod. The manipulating rod is
preferably sufficiently long to enable a surgeon to manipulate the cannula while at
least the distal portion of the cannula is inserted in a body of a patient and is
illuminated by x-ray or other energy sources emitted by imaging modalities, without
the surgeon’s hands thereby being exposed to the illuminating radiation. In general,
the manipulating rod connectable to the cannula is sufficiently long so that a distal
portion of the rod protrudes beyond an irradiated field when a treatment target is
irradiated by an irradiating imaging modality.

In some embodiments the apparatus further comprises a stylet advancable and
retractable within the cannula. The stylet may be rigid, and serve to straighten and
strengthen the cannula, particularly during insertion of the cannula into hard body
tissues. Alternatively, the stylet may impose a predetermined curvature to the

cannula.
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In some embodiments the stylet comprises a cutting tip.

In some embodiments the stylet is designed and constructed to be distinguishable
from the cannula under various imaging modalities. For example, the radio opacity of
the stylet or of the stylet tip may be made to differ from the from radio opacity of the
cannula, so that the stylet tip extending beyond a distal end of the cannula, or
extendihg from a lateral opening in the cannula, can be clearly distinguished on an x-
ray or fluoroscopic image. Similarly, the stylet may be designed so that a difference
in diameter of the cannula as compared to the diameter of the stylet is sufficient to be
visible on an x-ray or other image.

A surface feature of the stylet (such as a bevel) and a corresponding surface
feature of an internal lumen of the cannula may be provided, to constrain the stylet to
enter and traverse the cannula in a predetermined orientation.

In some embodiments two distinct handles are provided, a first proximal handle
connected to the cannula and a second proximate handle connected to the stylet, the
two handles enabling a physician to differentiate forces applied to the cannula from
forces applied to the stylet. In one possible use of this two-handle configuration,
matching orientation of one of the handles to orientation of cannula slits is used to
facilitate bending of the cannula, so that in typical use, the forces applied by a surgeon
to insert the cannula will not be in the same direction as forces applied by the surgeon
to bend the cannula.

In some embodiments, the cannula has a side opening and the stylet has a lateral
niche. Opening and niche may be sized and oriented (or orientable) in such a way that
at some positions of the stylet within the cannula at least a portion of said lateral niche
is aligned with the cannula’s side opening. This aligned position may be used during
the biopsy sampling process, in that the niche may serve as trap area for entrapping
tissues or other materials or substances that enter the cannula through the side
opening. Subsequent to such entrapment of such tissues substances, the stylet may be
retracted from the cannula, bringing with it the entrapped materials, which can then be
examined in a clinical laboratory for diagnostic or other purposes. In a recommended
mode of use, when the stylet is removed for the cannula, the cannula is not itself
retracted from the body, but rather remains in place within the body with its distal end
positioned at or near the biopsy sampling site. A proximal end of the cannula is then

connected to a fluid source. The fluid source, once connected to a proximal portion of
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the cannula, may then be used to force a fluid under pressure through the cannula and

into the body tissues. In one embodiment, the fluid source is a reservoir of a bone
cement having a consistency which enables it to flow through the cannula and into the
bone.

In some embodiments, the cannula has a side opening and the apparatus further
comprises a biopsy needle bendable at least on its distal end. In this embodiment
cannula, the internal lumen of the cannula leading to a side opening is slanted or
curved near the opening, so that a biopsy needle advanced through the cannula is
forced to curve sideWays and to protrude out through the side opening of the cannula,
where it may be forced into body tissues to take a tissue sample. Subsequent to the
taking of the sample, the biopsy needle can be retracted from the body tissue and
further retracted through the cannula, after which a fluid source such as a reservoir of
a flowable bone cement or bone-filling material, or other therapeutic substance, may
be connected to a proximal portion of the cannula, enabling to flow the bone cement
(or other therapeutic fluid) through the cannula and into a region at or near the site
from which the tissue sample was taken.

The fluid source connectable to the cannula may be a simple reservoir of fluid
which may be forced to advance through the cannula by means of manual pressure
through the reservoir. Alternatively, a pump or impeller or other pressure source may
be supplied to inject a flowable material through the cannula and into the body. If a
highly viscous material is being supplied, a vibrator may be provided to vibrate
portions of the apparatus and thereby to facilitate flow of that viscous material
through portions of the apparatus.

In some embodiments the cannula is designed and constructed in a manner which
facilitates imposing a planned plastic deformation, such as bending, to a selected
portion of the cannula, during a surgical procedure. For example, in some
embodiments the cannula comprises a series of slits designed to facilitate the
imparting of a plastic deformation to a specific portion of the cannula. The slits may
be so shaped, sized, and positioned that when the cannula has undergone a planned
plastic deformation, such as bending to a planned degree, the bend of the cannula
substantially closes the slits, thereby limiting or preventing leaking of fluid from

within the cannula outward though the slits.
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BRIEF DESCRIPTION OF DRAWINGS

The invention is 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 the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to those skilled in
the art how the several forms of the invention may be embodied in practice.

In the drawings:

Fig. 1A is a simplified schematic of an apparatus for tissue sample extraction and
for injection of a flowable material at or near the sampling site, according to an
embodiment of the present invention; _

Fig. 1B is a simplified schematic of a biopsy needle penetration limitation
module, according to an embodiment of the present invention;

Fig. 2A is a simplified schematic of a cannula with a side opening, according to
an embodiment of the present invention;

Fig. 2B is a detailed view of a portion of the cannula of Figure 2A, according to
an embodiment of the present invention;

Fig. 2C presents the cannula of Figure 2A with an optional closed beveled tip,
according to an embodiment of the present invention;

Fig. 3A is a simplified schematic of a stylet with a lateral niche for use as a tissue
extractor, according to an embodiment of the present invention;

Fig. 3B is a detailed view of a portion of the stylet of Figure 3A, showing the
lateral niche, according to an embodiment of the present invention;

Figs. 4A, 4B and 4C are simplified schematics showing a process by which a
sampling of cancellous bone tissue may be obtained, utilizing an apparatus which
comprises a cannula and a stylet, according to an embodiment of the present

invention;
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Figs. 4D, 4E, 4F and 4G are simplified schematics illustrating a process by which

a cannula, stylet, and biopsy needle assembly can be used to obtain a sample of
cancellous bone tissue, according to an embodiment of the present invention.

Fig. 5A is a simplified perspective view of an elongated rod attached to a
cannula, according to an embodiment of the present invention;

Fig. 5B is a simplified view of an optional distal end of an elongated rod
attachable to a cannula, having a triple-teeth interlocking mechanism, according to an
embodiment of the present invention;

Fig. 5C is a simplified view of an optional distal end of an elongated rod
attachable to a cannula, the rod end comprising an interlocking mechanism which
incorporates frontally pressed snaps, according to an embodiment of the present
invention;

Fig. 5D is a simplified view of an optional distal end of an elongated rod
attachable to a cannula, the rod end comprising an interlocking mechanism which
incorporates laterally pressed snaps, according to an embodiment of the present
invention;

Fig. 6 is a simplified schematic of a deformable .cannula with stylet inserted,
according to an embodiment of the present invention;

Fig. 7A is a simplified schematic of a deformable cannula prior to deformation,
according to an embodiment of the present invention;

Fig. 7B is a detailed view of a portion of the cannula of Figure 7A, showing in
detail the cannula slits, according to an embodiment of the present invention;

Fig. 8A and 8B present views of the cannula of Figures 7A and 7B, showing the
cannula form subsequent to deformation, according to an embodiment of the present
invention;

Fig. 8C is simplified schematic of cannula slits similar to those presented in
Figures 7 and 8, showing slit shapes in detail, according to an embodiment of the
present invention; and

Fig. 9 is a simplified flow diagram of a method for providing a therapeutic
substance, such as bone filler material, to a body organ such as a bone, with optional

biopsy sampling, according to an embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following describes apparatus and methods for utilizing a cannula having a

distal portion insertable into a body, both to obtain body tissue samples and to deliver
a therapeutic material to a target site within that body. Specifically, the present
invention can be used to obtain a sample of cancellous bone tissue and to deliver bone
cement or another therapeutic material to a site on or within a bone.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

For exemplary purposes, the present invention is principally described in the
following with reference to an exemplary context, namely that of intervention within a
bone, sampling of cancellous bone tissue, and injection of a bone cement into the
bone structure. It is to be understood that the invention is not limited to this
exemplary context. The invention is, in general, relevant to use of a cannula or any
similar device to both extract a tissue sample from an intervention site and to supply a
flowable therapeutic material at or near that intervention site. For simplicity of
exposition, interventions in bony structures are presented in the Figures and
throughout the discussion hereinbelow, yet all such references are to be understood to
be exemplary and not limiting. Thus, discussion hereinbelow may be understood to
apply also to cannulas or similar tools having forms different from those presented in
the Figures, including cannulas presented within or combined with other surgical
tools. References to biopsy sampling of bone tissue and therapy of bony structures
are to be understood as referring also to biopsy sampling and treatment of non-bony
sites, and references to providing or injecting of bone filling material or bone cement
may be understood to refer also to the supplying of therapeutic materials of other sorts
to a site within a body organ.

It is expected that during the life of this patent many relevant forms of cannula,
stylet, and biopsy needle will be developed, and the scope of the terms “cannula” and

“stylet” and “biopsy needle” is intended to include all such new technologies a priori.
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In discussion of the various figures described hereinbelow, like numbers refer to

like parts. The drawings are generally not to scale. Some optional or non-essential
parts may be omitted.

Attention is now drawn to Figure 1A, which is a simplified schematic of an
apparatus for removal of a biopsy sample from a treatment site and for injection of a
therapeutic material into that site.

Figure 1A presents apparatus 150 which comprises a cannula 160, a stylet 170
and/or biopsy needle 180, and a fluid source 190. Fluid source 190 is also referred to
herein as injector 190 and as therapeutic material supply 190. Apparatus 150 is
optionally supplied as a kit containing the components shown in Figure 150, the
components sized to fit optimally together, connectors and fittings adapted one to
another, etc.

Cannula 160 comprises an internal lumen 166 and a distal opening 162, and
preferably comprises a proximal connector 164.

Stylet 170 is sized to fit within lumen i66 and to be advancable and retractable
within lumen 166. Distal end 173 of stylet 170 may optionally be sharpened or
hardened. Stylet 170 may comprise a distal niche or recess 172, which is so sized and
oriented as to enable niche 172 to be at least partially aligned with opening 162 at
certain positions of stylet 170 within lumen 166. As will be discussed in detail
hereinbelow, stylet 170 may be inserted in cannula 160 to straighten and strengthen
cannula 160 while a distal portion of cannula 160 is caused to penetrate into a body
and optionally into a bone. Once distal opening 172 is positioned at a desired target
locus, stylet 172 may be used to remove a tissue sample from that target locus, as will
be explained in detail below. Alternatively, a biopsy needle 180, also sized to fit and
operable to be advanced and retracted within lumen 166, may be used to take a tissue
sample at the target locus. Biopsy needle 180 may be advanced through cannula 160
until its distal end protrudes through distal opening 162, for taking of bone samples or
other tissue samples. Distal opening 162 may be a side opening, and the distal end of
biopsy needle 180 may be caused to project laterally from cannula 160 as it passes
through opening 162 embodied as a side opening. Details of several exemplary
embodiments of these configurations will be described in detail hereinbelow, in

particularly with respect to Figures 4A-4G.
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Apparatus 150 may comprise a penetration limitation module 182, provided to

enable accurate pre-determination of a distance by which biopsy needle 180 will
project through distal opening 162.

Attention is now drawn to Figure 1B, which is a simplified schematic of an
exemplary embodiment of penetration limitation module 182, according to an
embodiment of the present invention. Figure 1B shows a portion of biopsy needle
180 with a position-adjustable embodiment 185 of penetration limitation module 182
positioned fhereon. As may be seen from Figure 1B, a simple screw mechanism
enables to fix module 185 at a selected position on a proximal portion of biopsy
needle 180. When biopsy needle 180 is inserted in cannula 160, penetration limitation
module 182 will come up against proximal base 186 of cannula 160 (shown in Figure
1A), preventing further penetration. If module 182 is positioned appropriately on
needle 180, forward motion of needle 180 will be stopped at a point where a desired
length of distal portion of needle 180 is extended through distal opening 162.
Graduated distance markers -184 may be provided on the shaft of needle 180 to
facilitate positioning of module 182 and appropriate positions on needle 180, markers
184 being calibrated to show distances by which a distal end of needle 180 will extend
beyond distal opening 162 of cannula 160 at various seitings (positions) of module
182.

Alternatively, module 182 may be implemented in non-adjustable fashion.
Module 182 may, for example, simply be a bump on the shaft of needle 180 or a
handle attached thereto, preventing penetration of needle 180 into cannula 160 beyond
a pre-determined point. When apparatus 150 is supplied as a kit, a plurality of biopsy
needles 180 may be supplied, each designed with a fixed module 182, these modules
182 being at various distances from a distal end of the needles, thereby providing a
user with a selection of biopsy needles each with a pre-determined penetration
limitation. In general, modules 182 are useful in enabling biopsy samples to be taken
from pre-determined depths within a bone or other tissue.

Returning attention now to Figure 1A, once a tissue sample has been taken, stylet
170 and/or biopsy needle 180 may be removed from within cannula 160, and a fluid
source 190 may be attached to a.proximal end of cannula 160 and used to flow a
material into cannula 160 and through cannula 160 into the target locus. Fluid source

190 may be a simple material reservoir 192 made of compressible material, such that
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manual pressure on reservoir 192 causes a therapeutic material 194 contained therein

to flow into cannula 160 under pressure. Alternatively, material source 190 may be
provided with a pressure source 196, such as a pump 197, which serves to cause
material from reservoir 192 to flow into cannula 160 under pressure. A vibrator 193
may also be provided to facilitate movement of viscous material through the
apparatus. Vibrator 193 may be attached to cannula or to fluid source 190. It is to be
understood that “fluid source 190” may supply a material which is more or less fluid:
in some cases “fluid source 190” may supply a material which is highly viscous or
nearly solidified, and which may be caused to flow through cannula 160 only under
very high pressures. Material supplied by fluid source 190 is also referred to herein as
“flowable material”, indicating that, whatever its consistency, it is operable to be
advanced through a catheter and into a body by means of pressure supplied by “fluid
source 190.”

As stated -above, pressure source 196 may be designed to supply extremely high
pressures. It is noted that supply of high pressures by pressure source 196 provides an
additional advantage, in that high-pressure supply of flowable material through
cannula 160 enables cannula 160 to be of very narrow dimension. By way of
comparison, prior art biopsy needles are typically about 2 mm in diameter, but
cannulas used to deliver bone cement or similar materials to a bone or similar site are
typically 4 mm in diameter. In contrast, in some embodiments cannula 160 has a
diameter of less than 3 mm. In an exemplary embodiment, cannula 160 is 2.3 mm in
diameter, and a high-pressure is a high-pressure source 196 is provided.

Material supplied from source 190 will advance through cannula 160 to its distal
end, and exit opening 162 into the target locus. Apparatus 150 may thus be used, for
example, to take a sample of cancellous bone tissue, and then to inject a bone cement
or other therapeutic material into a lesion or other therapeutic target. Source 190 may
comprise a connector 191 adapted to connect to proximal connector 164 of cannula
160, to facilitate transfer under pressure of material from supply 190 to cannula 160.

Attention is now drawn to Figures 2A, 2B and 2C, which are simplified
schematics of a cannula, according to an embodiment of the present invention.
Figures 2A, 2B and 2C show views of a cannula 300 with a side opening 301.
Cannula 300 is thus an embodiment of cannula 150 presented in Figure 1A. Side

opening 301 may serve as an intake and/or an outlet port for materials and/or
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instruments. Optionally, side opening 301 may serve as an injection port for bone

filler material to be delivered into a body organ through cannula 300. Optionally, side
opening 301 may serve as an intake port for biopsy sampling of living tissues, e.g.
cancellous bones.

Distal tip 304 of cannula 300 may be open, allowing materials to pass through tip
304 in and out of cannula 300, or may be closed, preventing passage of materials.
Figure 2B illustrates an optional distal end pattern of cannula 300, having a distal tip
302 which is open and flat. Figure 2C illustrates another optional distal end pattern of
cannula 300, having a distal tip 303 which is closed and shaped as a cone. In general,
distal tip 304 may be of any shape or pattern. Optionally, tip 304 may be sharpened,
be hardened, be provided with drilling surfaces or be otherwise adapted to facilitate
penetration of cannula 300 into or through hard tissue such as bone. Alternatively,
when cannula 300 is used together with a stylet such as stylet 170, distal tip 173 of
stylet 170 may be sharpened, hardened, may be provided with drilling surfaces or may
be otherwise adapted to facilitate penetration of hard tissues. In this case, tip 173 is
optionally pushed forward so that it extends beyond tip 304 and serves as a
penetration tool to facilitate penetrate of cannula 300 into bone or other hard tissue.
In general, one or more than one lateral ports or distal ports may be provided, and a
cannula may optionally be provided with a tip 304 designed to facilitate penetration of
tissues.

Attention is now drawn to Figures 3A and 3B, which are simplified schematics of
a stylet such as stylet 160 or similar stylet, for use with a cannula 150 or 300 or
similar cannula, according to an embodiment of the present invention.

Figures 3A and 3B illustrate an exemplary embodiment, here labeled stylet 400,
having a lateral niche 401. Optionally, stylet 400 is sized to fit into cannula 300, or a
similar cannula having a side opening.

Preferably, stylet 400 can be positioned within cannula 300 in such position that
side opening 301 at least partially faces lateral niche 401. Such placement enables
lateral niche 401 to serve as trap area for entrapping materials or substances that enter
into cannula 300 through side opening 301. An apparatus (such as apparatus 150)
comprising a cannula 300 and a stylet 400, appropriately sized and configured one
with respect to the other, can be used to collect samples of living tissues (e.g.,

cancellous bones) for biopsy evaluation.
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Attention is now drawn to Figures 4A, 4B, and 4C, which are simplified

schematics showing stages in use of apparatus 150 (or a similar apparatus) to take a
tissue samples, according to an embodiment of the present invention.

Figure 4A shows an apparatus combining a cannula 300 having a side opening
301 and a stylet 400 having a lateral niche 401 being used to access and/or move
through a portion of cancellous bone 502. When lateral niche 401 is at least partially
aligned with side opening 301, as illustrated in Figure 4B, a sample 503 of cancellous
bone 502 may enter lateral niche 401 through side opening 301. Stylet 400 may then
be partially withdrawn from cannula 300, thereby enirapping at least a portion of
sample 503 between niche 401 and an outside wall of cannula 300, as shown in Figure
4C. Stylet 400 may then be wholly withdrawn from cannula 300, making sample 503
accessible to appropriate clinical analyses for purposes of evaluating the health or
pathology of tissues 502. Thus, Stylet 400 functions as a tissue extractor advancable
and retractable within cannula 300. It is noted that movement of niche 401 with
respect to opening 301 may optionally be coordinated with both longitudinal and axial
movement of cannula 300, to facilitate capture of a tissue sample from a desired
locus.

Attention is now drawn to Figures 4D, 4E, 4F, and 4G, which are simplified
schematics presenting an method for sampling cancellous bone tissue, which method
uses a bendable biopsy needle as a tissue extractor operable sample bone or other
tissue by extending laterally from a cannula, according to an embodiment of the
present invention.

Figure 4D shows a cannula 800 having a side opening 801 and internal lumen
814 and an optional stylet 802 used to access and/or move through a portion of
cancellous bone 803. Stylet 802 serves to cover side opening 801 and/or to stiffen
cannula 800 during insertion of cannula 800 into a target locus within bone volume
803. Once cannula 800 is inserted into a desired locus, stylet 802 may be withdrawn.
As shown in Figure 4E, a biopsy needle 805 may then be inserted into cannula 800
and through cannula 800 to side opening 801. As illustrated in Figure 4E, biopsy
needle 805 has a flexible or bendable distal end, and distal end 815 of internal lumen
814 of cannula 800 has a slanted or curved shape, which shape forces the distal end of
biopsy needle 805 towards and through side opening 801 if needle 805 is pushed into

cannula 800 to end 815 with sufficient force. In this manner biopsy needle 805 can be
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forced to advance, through side opening 801, into cancellous bone 803. A cancellous

bone sample 807 will be entrapped, by this procedure, in distal opening 806 of biopsy
needle 805, which is preferably sufficiently strong to withstand being pressed to
advance into cancellous bone, yet comprise a portion sufficiently flexible to bend as
shown in Figure 4E.

As illustrated in Figure 4F, biopsy needle 805 may then be withdrawn from
cannula 800, with at least part of sample 807 trapped within its distal portion. 'Sample
807 may then be pushed out of biopsy needle 805, for example by pressure from an
inner rod 808 inserted into biopsy needle 805 from its proximal end, as illustrated in
Figure 4G. Sample 807 is thus made available for pathological evaluation.

Attention is now drawn to Figure 5A, which is a simplified view of a
manipulating rod used to manipulate a cannula, according to an embodiment of the
present invention. Figure 5A presents a perspective view of a distal side of an
elongated rod 600 interlocked to a handle 701 of a cannula 700. Rod 600 is attached
to cannula 700 by a locking mechanism 601. In clinical contexts in which bone
samples are taken and bones are treated, it is common practice to monitor surgical

procedures by use of imaging modalities such as x-ray and in particular fluoroscopy.

~ Rod 600 is preferably sufficiently long so when that when rod 600 is interlocked with

(i.e. attached to) a cannula and/or any other bone surgery instrument, the hands of an
operator holding rod 600 and thereby enabled to hold, control, and manipulate the
cannula or related tool, while remaining substantially or entirely out of the field of
radiation projected by the imaging modality. A desirable length for rod 600‘ will
depend on a specific use (e.g. a specific site being treated within a body) for which a
given embodiment is intended. In an exemplary embodiment, rod 600 is 20 cm in
length, yet longer and shorter lengths may be useful in particular clinical contexts.

Rod 600 is may be re-usable or designed for one-time use.

Interlocking mechanism 601 is preferably capable of sustaining a rigid
connection between elongated rod 600 and cannula 700, so that cannula 700 can be
held and manipulated as a bone access instrument and biopsy sampler and/or as a
filler material delivery device, by a user holding and manipulating rod 600.

Attention is now drawn to Figures 5B, 5C and 5D, which are simplified
perspective views of exemplary alternative constructions of interlocking mechanism

601, according to embodiments of the present invention. Figure 5B shows an
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interlocking mechanism 601 having a combination of rear tooth 603 and front teeth

602. Optionally, front teeth 602 are rigidly fixed to interlocking mechanism 601,
while rear tooth 603 may be shifted by pressing or releasing button 604. This
combination of teeth may be used to hold between them a cannula handle 701. When
button 604 is pressed (or when it is released), interlocking mechanism 601 is rigidly
connected to handle 701, and when button 604 is released (or when it is pressed) these
elements are disconnected.

Figure 5C illustrates a second example of an interlocking mechanism 601, one
which comprises frontally pressed snaps 605. Preferably, each snap 605 consists of a
flexible bottom leg 606 and a flexible upper leg 607, separated by an elongated space,
so when both legs are pressed one to the other, snap 605 collapses to a smaller
diameter; and when released, snap 605 re-expands to its original dimensions.
Optionally, legs 606 and 607 are pressed together by pressing a button 608. This
interlocking mechanism may be used to hold a cannula handle 701, so when button
608 is released snaps 605 may be clicked into matching holes in handle 701.
Preferably, these holes have a diameter smaller than that of snap 605 in its expanded
form and larger than that of snap 605 in its collapsed form, so interlocking mechanism
601 can be interlocked with or released from handle 701 by using button 608.

Figure 5D illustrates a third example of interlocking mechanism 601, one which
comprises laterally pressed snaps 609. In a mechanism similar to that described
above with respect to figure 5C, each snap consists of a flexible right leg 610 and a
flexible left leg 611, which legs may be laterally pressed one to the other by pressing
opposing areas 612, thus providing an additional interlocking mechanism 601 which
may also be used to hold a cannula handle 701 in a rigid connection. In general, rod
600 may be attached to cannula 700 with any variety of snaps, interlocking teeth,
screw mechanism, clamp mechanism, or any other connective device which provides
a rigid or semi-rigid connection.

Attention is now drawn to Figure 6, which is a simplified schematic of an
apparatus comprising a cannula with a first handle and a stylet with a second handle,
according to an embodiment of the present invention. Figure 6 presents a stylet 214
having a handle 220. Stylet 214 is inserted within a cannula 212 having a handle 222.

Cannula 212 may be an embodiment of cannula 160 and/or of cannula 300, both
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described above, and stylet 214 may be an embodiment of stylet 170 and/or of stylet

400, both also described above.

Cannula 212 comprises a series of slits 224 provided to impart a desired
plastic deformation capability to a specific portion of cannula 212.

Stylet 214 is inserted through cannula 212 via an inner lumen thereof
(corresponding to lumen 166 of Figure 1A). A cutting tip 218 of stylet 214
optionally protrudes from a distal end of cannula 212 when stylet 214 is fully inserted

~ therein. Tip 218 is optionally adapted to puncture and penetrate skin, soft tissue,

cortical bone and/or other bone. Tip 218 may be, for example, of diamond type, drill
type, bevel type or J-type, or of other tip types known in the art.

Optionally, cannula 212 and stylet 214 are so constructed that their respective
distal tips are of visibly different one from another when observed under clinical
imaging modalities. For example, they may have different degrees of radio-opacity,
or discernibly different diameters, or have some other observable difference serving to
make them distinguishable, so as to enable a viewer to distinguish one from another
when both are viewed by means of an imaging modality such as a fluoroscope.

An internal lumen of cannula 212 is adapted to receive stylet 214. For example,
an inner cannula lumen of diameter 2.7 mm may be provided with a stylet of external
diametér 2.6 mm. Stylet 214 and the internal lumen of cannula may have surface
features (e.g. a bevel) which constrain stylet 214 to enter cannula 212 in a
predetermined orientation. Such a feature is useful, for example, in a context such as
that presented by Figures 4A-4C and discussed hereinabove, where it is important that
there be a position at which side opening 301 at least partially faces lateral niche 401.

Optionally, stylet 214 is equipped with a proximal handle 220. In some
embodiments of the invention, handles 222 and 220 engage one another via an
engagement mechanism 216, which may be, for example, a threaded connection.
Optionally, a spring is provided to elastically couple the components. An alternative
locking mechanism 217 is also shown in Figure‘6. In locking mechanism 217 a
tongue on one handle snap-locks to a grobve on the other handle. Such snap-locking
may be, for example, by rotation or by axial motion.

Handle orientation may be matched to slit orientation (described below), so that

in typical use, forces applied by a doctor to insert cannula 212 into a body will not be



10

15

20

25

30

WO 2008/001385 PCT/IL2007/000808

17
in the same direction as forces that are used to bend cannula 212. Handle direction

may be used to indicate the desired deformation direction.

In some embodiments of the invention, stylet 214 is rigid. A rigid stylet 214
supports cannula 212 during insertion and prevents deformation of cannula 212 until
such deformation is desired. Stylet 214 may then be removed before deformation is
undertaken.

In alternative embodiments, stylet 214 may be curved.

Stylet 214 may be flexible, or a portion of stylet 214 may be flexible, for example
a portion positioned to correspond to slit series 224 when stylet 214 is inserted in
cannula 212.

In an exemplary embodiment of the invention designed for use in a fractured
vertebral body, stylet 214 has a diameter of about 1.4-2.6 mm. The cannula
optionally has an inner diameter of about 2.7 mm and an outer diameter of about 3
mm. When employed in a vertebroplasty procedure, the assembled cannula stylet 200
is introduced into the body so that distal tip 218 penetrates skin, soft tissue and
vertebra. Stylet 214 is then disconnected from cannula 212, which remains in situ
during delivery of a therapeutic material to the vertebra, as will be described in detail
hereinbelow.

Attention is now drawn to Figures 7A and 7B, which are detailed views of
cannula 212, according to an embodiment of the present invention. Figure 7A
presents cannula 212 with stylet 214 removed. The straight configuration of cannula
212, shown in Figure 7A, may be preferable for use during introduction of cannula
212 into a treatment site within a body. Cannula 212 comprises a series of slits 224,
which slits facilitate plastic deformation (bending) of cannula 212.

Figure 7B (inset) is an enlargement of a portion of series of slits 224, showing
several slits in greater detail. The pattern of slits shown in enlarged Figure 7B
includes two rows of slits, 226, 228, etc., and 230, 232, etc. The rows are displaced
180 degrees relative to each other on the circumference of cannula 212. In an
exemplary embodiment shown in Figure 7A, each row comprises 12 slits, but this
number is exemplary only; other numbers of slits may be provided. Slits 224 may
penetrate the cannula wall completely, or they may be perforations or grooves etched

in the cannula wall.
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Attention is now drawn to Figures 8A and 8B, which show cannula 212 of

Figures 7A and 7B after plastic deformation. As seen most clearly in Figure 8B, slits
230 and 232, on the inner side of the bend caused by the deformation, tend to close as
a result of the deformation, and slits 226 and 228, on the outer side of the bend caused
by the deformation, tend to remain of unchanged size, or tend to open slightly, as a
result of the deformation.

Attention is now drawn to Figure 8C, which is a detailed view of a pair of slits
within a cannula wall, according to an embodiment of the present invention. Opening
and closing of slits under plastic deformation of cannula 212 may understood with
reference to Figure 8C. If the portion of cannula 212 shown in Figure 8C is caused to
curve downward (in the sense of the Figure, that is, the ends of the shown cannula
portion move downward and the center of the shown cannula portion moves upward),
then opening 248 of slit 228 will tend to widen, and opening 244 of slit 232 will tend
to narrow. In an exemplary embodiment of the invention, slits 226 and 228 are
characterized by a width 248 of 0.03 mm, and cannula wall thickness is 0.03 mm.
During plastic deformation of cannula 212, width of opening 248 increases, for
example, to about 0.3 mm, for some of the slits or sections thereof (e.g., the outer
portions of the slits).

In some embodiments of the invention, initial width of slits in the row along the
inside of the curve produced by plastic deformation (230, 232) is larger than the initial |
width of the slits in the row along the outside of the curve produced by plastic
deformation (226, 228). Optionally, cannula 212 may be so constructed that the
larger slits (e.g. 230, 232) on the inside of the curve resulting from plastic deformation
tend to close during deformation while smaller slits (e.g. 226, 228) on the inside of the
curve resulting from plastic deformation tend to open or stay a same width during
deformation. As a result of this construction, total cement leakage (or risk thereof)
through the slits is less when cannula 212 is plastically deformed to a planned degree
than it is when cannula 212 is straight.

Attention is now drawn to Figure 9, which is a simplified flow chart of a method
for using apparatus described hereinabove, or similar apparatus, to both remove a
tissue sample from a treatment site and to inject a therapeutic material into that site.

Figure 9 refers to biopsy and treatment of cancellous bone, but it is to be understood
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that this specific use is exemplary only, and that the apparatus and methods presented

herein may be used to treat a variety of other clinical conditions.

As shown at 101, a cannula such as cannula 160 (or 300, or 212, or other cannula)
may be connected to an elongated rod such as rod 600 by a interlocking mechanism
such as mechanism 601 operable to join a distal side of rod 600 to a proximal side
(e.g. a handle) of cannula 160. Preferably, rod 600 is long enough to extend beyond
the radiation field projected by medical imaging equipment, if in use, so cannula 160
may be manually manipulated by an operator without the operator exposing his hands
to the radiation field. Preferably, the cannula used has a side opening at its distal end.

At 102, a cannula (for example, a cannula 160 or 212) is inserted into a body
organ, such as for example an organ having a cancellous bone. Insertion may be done
with or without the aid of a stylet, which stylet may be rigid or flexible, straight or
bent. Optionally, insertion 102 is monitored 104 via a medical imaging apparatus
such as, for example, a fluoroscope or conventional X-ray camera.

Optionally, if required because of suspicion of a malignant tumor or other
pathological condition in the body organ and/or cancellous bone, or for any other
reason, a surgeon or operator may use the cannula (105) to collect a sample of
cancellous bone or other tissue for pathological analysis. If this is the case, the
cannula may be advanced in cancellous bone, causing a sample of cancellous bone to
enter the cannula through an opening or openings at its distal end (as shown in F igure
4B), a stylet may be used to entrap and/or collect and/or remove a captured sample
from the cannula (106) for optional biopsy testing (107), (as shown in F igures 4B and
4C), or biopsy sampling can be achieved by advancing a biopsy needle having an
opening at its distal end until it extends beyond a distal opening of the cannula and
advances thence into cancellous bone or other target tissue, causing a sample of the
cancellous bone or tissue to enter into it through opening or openings at its distal end
(105), as shown in Figure 4E. The biopsy needle may then be withdrawn (106), thus
removing the sample from the cannula for optional biopsy testing 107.

At 108, optional plastic deformation (e.g. curving or bending) of the cannula may
be performed. The cannula may be deformed before or after insertion, and, if after
insertion, deformation may be performed before or after biopsy sampling.

At 110, a bone filler material reservoir and/or delivery system are attached to a

proximal end of the cannula. (Other therapeutic material may be substituted instead
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of bone filler material.) The order in which 108 and 110 are performed is optionally

reversed. In some cases, the reservoir may be integral with the cannula.

At 112, an injection of bone filler material or other flowable therapeutic material
is performed, and may be monitored, either intermittently or continuously, via a
medical imaging modality such as a fluoroscope or x-ray camera (114).

It is noted that plastic deformation 108 and attachment 110 may be timed or
configured in view of subsequent injection monitoring 114: since a bone cement
and/or injection reservoir may not be X-ray transparent, deformation 108 may be
performed to configure an attached cement reservoir to be outside of a relevant
portion of a field of view of X-ray imaging used during injection 112. X-rays are
often obtained from a directional perpendicular to the body, e.g., along the axis of the
unbent cannula, but this is not always the case and the cannula deformation may be
configured accordingly. Bending of the cannula may also serve to provide convenient
supports for the reservoir and other heavy items. )

Injection 112 may be undertaken using a suitable injection device connected to
the cement reservoir. In an exemplary embodiment of the invention, a high viscosity
bone cement is employed and a high pressure injection device is employed, for
example as described in “Methods, Materials and Apparatus for Treating Bone and
other Tissue”, cited hereinabove, the disclosure of which is incorporated herein by
reference. Alternatively, a syringe or other delivery system is used. The delivered
material may be, for example, PMMA or calcium-based material (such as calcium
phosphate or calcium sulfate).

Optionally, a vibrator is attached to the cannula, for example, at a connector of
the reservoir thereto, to facilitate flow of cement therethrough.

When injection (112) is complete as indicated by monitoring (114), the cement
reservoir is disconnected (116) and the cannula is removed from the body (118). The
order in which 116 and 118 are performed is optionally reversed.

Tissues which may be treated by the methods disclosed herein include, but are
not limited to, the spine, compacted tibia plate and other bones with compression
fractures, and bone implants such as hip implants, either during initial implanting or
for tightening implants which have loosened. Optionally, for tightening an existing
implant, a small hole is drilled to a location where there is a void in the bone and

material is extruded into the void.
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It should be noted that while the apparatus and methods presented herein provide

particular advantages in treatment of bope structures, non-bone tissues such as
cartilage and soft tissue may be so treated as well. The therapeutic material delivered
by methods and apparatus presented herein may include an encapsulated
pharmaceutical, and be used as a matrix for slow release of the pharmaceutical over
time. In this manner, for example, it is possible to use means and method here
provided to supply an anti-arthritis drug to a joint, by forming a void and implanting
an eluting material near the joint. Such eluting material may be of high viscosity, or
even be a soft non-flowing material.

In another embodiment, the injected material is a nucleus for a disc.

The following optional features are noted:

An aspect of some embodiments of the invention relates to a dgizice, intended to
serve as a channel for the delivery of material and/or instruments into the body, the
device comprising a cannula and a stylet; wherein the c_levice, when pushed through a
volume containing cancellous bone, can be used to collect a sample of the cancellous
bone.

Preferably, the device may be used for accessing the target organ as well. In an
exemplary embodiment of the invention, the stylet and/or a cannula are introduced
into a bone, for example a vertebra. In yet another exemplary embodiment of the
invention, the device is introduced into the body during laparoscopic surgery.

In one embodiment of the invention, the cannula includes a side exit port. In one
embodiment of the invention, the stylet has a lateral niche at it distal side. In an
exemplary embodiment of the invention, the cannula and stylet can be assembled one
to the other. Preferably, when stylet and cannula are assembled, the stylet niche is
facing the side exit port of the cannula. In an exemplary embodiment of the
invention, the cannula and stylet are assembled in at least two positions, wherein at
one position the stylet niche is facing the side exit port of the cannula, and at second
position, the niche is not facing the exit port. In an exemplary embodiment of the
invention, the second position is met when stylet is rotated around its own axis until
its niche is no longer observed through cannula's side exit port. In another exemplary
embodiment of the invention, the second position is met when stylet is pulled
pfoximally at least until its niche is no longer observed through cannula's side exit

port. In an alternative embodiment of the invention, the stylet has no niches or slits
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on its periphery which may or may not serve for any functionality such as in biopsy

sampling.

Optionally, the stylet and/or cannula comprise a handle at their proximal end.
Optionally, cannula and stylet are interlocked at proximal handles thereof.
Optionally, there are at least two interlocking positions that permit the two assemblies
positions described above. In an exemplary embodiment of the invention, the
interlocking arranges the parts in a correct orientation. Optionally, the interlocking
prevents inadvertent rotation or axial motion of one part relative to the other.

In an exemplary embodiment of the invention, the device is constructed from
biocompatible materials. Optionally, the device is constructed from metal, such as
stainless steel or a nickel-titanium alloy such as Nitinol. Optionally, at least a portion
of the device is formed from a polymer.

In one embodiment of the invention, besides its side exit port, the cannula has an
axial hole at its distal end suitable for introducing a stylet distal tip. Optionally, the
size of the hole reduces leakage. Alter;latively or additionally, the properties of the
cement used reduce leakage, for example, viscosity and/or grain size. Alternatively or
additionally, the cannula and/or delivery system include a plug which selectively
closes the axial hole once the stylet is removed. In an alternative embodiment of the
invention, the cannula has only side hole or holes at its distal end. In an exemplary
embodiment of the invention, the cannula tapers at its distal end and/or is otherwise
shaped, for example, to serve as a trocar.

In an exemplary embodiment of the invention, the cannula is capable of
connecting to a bone filler material reservoir and/or filler material delivery system.
Optionally, a proximal end of the cannula includes a connection means for attaching
to a delivery device, for example a luer-lock type connector.

In one embodiment of the invention, the cannula is used to deliver boﬁe filler
material into a bone, for example a veriebral body. In one embodiment of the
invention, the bone filler material is capable of setting into a hardened condition. In
an exemplary embodiment of the invention, the filler is setting bone cement. In one
embodiment of the invention, the formulations of bone cement provide a window of
time during which the cement is suitably viscous for injection. In an exemplary
embodiment of the invention, the cement achieves a high viscosity rapidly when

components are mixed and then sets slowly. Optionally, there is no liquid phase when



10

15

20

25

30

WO 2008/001385 PCT/IL2007/000808

23
cement components are mixed. In an exemplary embodiment of the invention, the

bone cement has an enhanced high-viscosity window before it sets and where
viscosity, while high, does not vary to a degree which influences injection parameters.
In an exemplary embodiment of the invention, the cement remains viscous when held
above a threshold temperature and sets when cooled below the threshold temperature.
In an alternative embodiment of the invention, the bone void filler is non-setting
material. Exemplary setting and non-setting bone cements are thoroughly described
in PCT application PCT/IL2006/000239 and IL patent application No. 174347 by
Beyar et al., the disclosures of which are fully incorporated herein by reference.

An aspect of some embodiments of the invention relates to a device, intended to
serve as a channel for the delivery of material and/or instruments into the body, the
device comprising a cannula, having a side opening, and a biopsy needle; wherein the
device, when is located in a volume containing cancellous bone, can be used to collect
a sample of the cancellous bone.

Preferablsf, the biopsy needle is flexible so it may bend inside a lumen of the
cannula, when is pushed into the lumen, so then it may protrude out of the cannula
side opening. Optionally, the biopsy needle has a bent distal side or tip so it may
engage into the cannula's side opening more easily. In an exemplary embodiment of
the invention, the biopsy needle is made of plastic and/or elastic and/or super-elastic,
preferably bio-compatible, material. In an exemplary embodiment of the invention,
the biopsy needle is made of stainless steel.

In one embodiment of the invention, the biopsy needle has an opening on its
distal side. Preferably, the biopsy needle has a hollow portion directly connected to
the opening, so when it protrudes out of cannula's side opening and pushed through a
volume containing cancellous bone, a sample of the cancellous bone can be
introduced into the opening and may be entrapped within the hollow portion.
Preferably, the biopsy needle is a small diameter tube that may or may not include a
handle.

The sample taken by the biopsy needle through the cannula may be removed from
the biopsy needle, after the needle is withdrawn from the body, by pushing a rod
through the biopsy needle, providing that the rod has an outer diameter smaller than

biopsy needle inner diameter. Air pressure may also be used for this purpose.
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The present invention also discloses a method for introducing bone filler material

into a body organ containing a cancellous bone, the method comprising:

(a) providing a cannula having an axis and a side opening;

(b) inserting the cannula into the body organ;

(c) collecting a sample of the cancellous through the side opening;

(d) withdrawing the sample of cancellous bone out of the cannula; and

() injecting a flowable material through the cannula into the body organ.

In one embodiment of the invention, the cancellous bone sample is collected by
inserting a biopsy needle along its axis, the biopsy needle is capable of protruding out
of a cannula side opening and advancing through a cancellous bone, when sufficient
force is applied. In one embodiment of the invention, the biopsy needle has an
opening on its distal side. Preferably, the biopsy needle has a hollow portion directly
connected to the opening, so when it protrudes out of cannula's side opening and
pushed through a volume containing cancellous bone, a sample of the cancellous bone
can be introduced into the opening and may be entrapped within the hollow portion.
Preferably, the biopsy needle is a small diameter tube that may or may not include a
handle. ‘

In an alternative embodiment of the invention, the cancellous bone sample is
collected by advancing the cannula through the cancellous bone. In one embodiment
of the invention, when advancing cannula through a cancellous bone, a sample of the
cancellous bone may enter into cannula inner space through its side opening. In an
exemplary embodiment of the invention, the side opening is large enough and/or the
travel through cancellous bone is long enough to assure that enough cancellous bone
is collected for successful pathology analysis.

In one embodiment of the invention, a stylet is inserted along cannula's axis prior
to insertion of cannula into the body organ. In one embodiment of the invention, the
side opening of the cannula can be at least partially closed by inserting the stylet along
its axis. Optionally, the stylet has a lateral niche at its distal side. In an exemplary
embodiment of the invention, the cannula and stylet are assembled in at least two
positions, wherein at one position the stylet niche is facing the side opening of the
cannula, so side opening is at least partially opened; and when at second position, the
niche is not facing the side opening, so side opening is at least partially closed with

respect to first position. In an exemplary embodiment of the invention, the second
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position is met when stylet is rotated around its own axis. In another exemplary

embodiment of the invention, the second position is met when stylet is pulled
proximally. In an exemplary embodiment of the invention, after cancellous bone
sample had entered the cannula's internal lumen, it may be picked up and/or taken out
of the cannula by withdrawing the stylet.

An aspect of some embodiments of the invention relates to devices and/or kits for
bone surgery procedures executed at least partially under fluoroscopy; the devices
and/or kits include an elongated rod capable of being fixed to a bone access device
and/or a filler material delivery system. In an exemplary embodiment of the
invention, the elongated rod is long enough so when it is interlocked with a bone
surgery instrument, and while in surgery procedure, the hands of the surgery
instrument operator stays outside most or all of the radiation field projected by the
fluoroscopy equipment. Preferably, the elongated rod is designed for one-time use.

In one embodiment of the invention, the elongated rod has an interlocking
mechanism at its distal side. The interlocking mechanism may be based on any
locking mechanism known to art and may include, though not limited to: expanding
joints, flexible snaps, nut and bolt, movable teeth, forceps mechanism etc. In an
exemplary embodiment of the invention, the interlocking mechanism has at least two
opposing teeth on its distal side. In an exemplary embodiment of the invention, when
shifting at least one of the teeth from a first position to a second position, the
interlocking to a surgical instrument can occur. Preferably, the interlocking
mechanism can be set to a locked position and an unlocked position by shifting the
teeth. In another exemplary embodiment of the invention, the interlocking
mechanism has at least two opposing flexible snaps with beveled tips which can be
introduced into matching holes located in cannula proximal end and/or handle.
Preferably, when the beveled tips complete a full predetermined travel through the
holes, they click and interlock with the cannula. Optionally, the snaps can be pressed
and/or shifted to any predetermined position in order to release the interlocking

The present invention also discloses a method for accessing into bone under
fluoroscopy, the method comprising:

(a) providing a cannula having an axis, a distal side and a proximal side;

(b) providing an elongated rod having an interlocking mechanism specially

designed to interlock with the proximal side of the cannula; and
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(c) inserting the cannula into the body organ while holding only the elongated

rod;

wherein the elongated rod is long enough so the hands of the operator holding the
rod stays outside most of the radiation field projected by the fluoroscopy equipment.

Optionally, the procedure may also include delivery of bone filler material into
the bone, at least in part under fluoroscopy, while holding only the elongated rod.

In one embodiment of the invention, the cannula is plastically deformable.
“Plastic deformation” as used herein refers to a change in shape which requires an
input energy to implement, and another energy input, for example, of similar order, to
reverse. In an exemplary embodiment of the invention, the input energy required for
plastic deformation is sufficiently small that it can be applied manually, optionally
with one hand. Optionally, once deformed, the cannulas will not un-deform under
forces applied to it by injecting cement therethrough and/or without external forces.

Optionally, plastic deformation of the cannula by hand permits a desired

positioning of a cement reservoir attached thereto, relative to the cannula, imaging

. equipment and/or the patient. In an exemplary embodiment of the invention, insertion

in a straight line is provided by the cannula in an un-deformed configuration, straight
insertion being easier than insertion of a bent cannula. The inserted cannula may then
be bent to a form suitable for another use, for example suitable for combined material
injection and x-ray imaging.

In an exemplary embodiment of the invention, the cannula is stiff enough so that
it maintains its deformation during injection of material therethrough. Optionally, the
injected material is viscous, for example, viscous bone cement, injected at a high
pressure, for example, at least 50 Atmospheres, or at least 100 Atmospheres, or at
least 150 Atmospheres, or at least 200 Atmospheres. In an exemplary embodiment of
the invention, the viscosities used are between 100 and 3000 Pascal-second, for
example 300-2000, or between 500 and 1000. Intermediate values may be used as
well.

In an exemplary embodiment of the invention, the cannula includes a series of
joints which facilitate plastic deformation in a desired manner. In an exemplary
embodiment of the invention, the joints are provided as joint areas including patterns
of cuts and/or other weakening in the cannula body material. Optionally, the cuts are

discrete. Optionally, the cuts are through-cuts. Alternatively, at least some of the cuts
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are notches or other thinning of the cannula material. Optionally, another weakening

type is provided, for example, by chemical treatment and/or mechanical and/or heat
treatment.

In an exemplary embodiment of the invention, the cuts and/or weakening are
designed to designate particular parts of the cannula to act as plastically deformed

segments, at which a significant portion of the overall deformation is provided. In an

“exemplary embodiment of the invention, the cuts and/or weakening are designed to

facilitate a particular direction and/or degree of deformation or range of degrees.
Optionally, the cuts are designed to reduce spacings in the cannula body, for example,
spacings between lips of cuts.

In an exemplary embodiment of the invention, at least some of the cuts tend to at
least partially close during deformation. Optionally, the tendency to partially close is
related to a degree of bending the cut is subjected to. Optionally, partial closing
reduces leaking of a material injected through the cannula. Optionally, the cuts are
covered to reduce leaking of a material injected through the cannula. In an exemplary
embodiment of the invention, a covering which substantially reduces leaking through
the slits at a pressure of 100 to 200 or 300 atmospheres is provided. The covering
may be, for example, internal or external, for example, of Teflon.

Optionally, more viscous cement is used with the cannula, to reduce leakage. In
an exemplary embodiment of the invention, a cement is selected which reduces
leakage in other means, for example, the cement may include a liquid phase and a
solid phase, with the solid particles being of the order of the narrow dimensions of the
slits or larger. Optionally, leakage is reduced once the solid particles are at least 10%,
at least 35%, at least 60%, at least 80% or larger of such narrow dimensions, for
example, being at least 0.01 mm, 0.05 mm, 0.1 mm, 0.3 mm, or intermediate or
greater in size.

In an exemplary embodiment of the invention, the joints each comprise an
asymmetric cut design, in which a greater spacing between lips is provided on one
side of the cut, so that bending in the direction of that side, tends to reduce the
spacing.

In an exemplary embodiment of the invention, the joints are arranged in a line

parallel to the cannula axis.
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In an exemplary embodiment of the invention, each joint permits a deformation

of 5, optionally 10, optionally 15 degrees or lesser or greater or intermediate values.
Optionally, a total deformation of 45, optionally 90, optionally 135, optionally 180
degrees or smaller, intermediate values or greater is achieved and/or is designated as a
design set point where there is minimal leakage. The length of cannula subject to
deformation may vary with the total deformation implerﬁented and/or the number of
slits employed, for example, being 20 mm, 30 mm, 40 mm, or greater, smaller or
intermediate in size. In an exemplary embodiment of the invention, 13 cuts provide a
total deformation of 130 degrees. Greater or smaller numbers of cuts/deformation
regions may be provided, for example, 7, 10, 15 or smaller, intermediate or greater
numbers.

It will be appreciated that the above described apparatus and methods of
implanting and treating may be varied in many ways, including, changing the order of
steps, selecting which steps are performed more often and which less often,
arrangements of elements, type and magnitude of forces applied and/or particular
shapes used. In particular, various tradeoffs may be desirable, for example, between
applied forces, degree of resistance and forces that can be withstood by treated organs.
Further, the location of various elements may be switched without departing from the
spirit of the disclosure, For example, location of the cement outlet may be displaced
within the cannula to suit convenience or the specific geometry of a particular
treatment target.

It is further noted that a multiplicity of features, both of method and of apparatus,
have been described. It should be appreciated that various features may be combined
in different ways, and that not all features shown herein in the context of particular
exemplar embodiments are necessary in all other embodiment of the invention.
Further, combinations of presented features, which combinations are not explicitly
presented herein, are also to be considered to be within the scope of the invention.

In addition, some of the features of the invention described herein may be
adapted for use with prior art devices. The particular geometric forms used to
illustrate the invention should not be considered limiting. For example, where a
cylindrical tube is shown, in other embodiments a rectangular tube may be used. The
scope of the invention also includes apparatus programmed and/or designed to carry

out the methods presented herein.
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Measurements are provided to serve only as exemplary measurements for

-particular cases, the exact measurements applied will vary depending on the

application.

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 conte';xt of a single embodiment, may also be
provided separately or in any suitable subcombination.

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.
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WHAT IS CLAIMED IS:

1. An apparatus for extracting a biopsy sample and for injecting a therapeutic
material, comprising:
(a) a cannula having an internal lumen and at least one distal opening;
(b) a tissue extractor having a distal portion able to traverse said
lumen, to approach said distal opening, and to receive and hold a biopsy
specimen; and
(©)  an injector connectable to said cannula and operable to inject a

flowable material therethrough.

2. The apparatus of claim 1, packaged as a kit of size-compatible and

connection-compatible components.

3. The apparatus of claim 1, wherein said cannula comprises a lateral distal
opening.
4, The apparatus of claim 3, wherein said lateral distal opening is adapted for

collecting a sample of cancellous bone tissue when said cannula is inserted in a

bone.

5. The apparatus of claim 1, wherein said cannula is designed to undergo

plastic deformation after insertion of a distal portion of said cannula into a body.

6. The apparatus of claim 5, further comprising a plurality of slits which

facilitate plastic deformation of said cannula.

7. The apparatus of claim 5, wherein said plastic deformation is substantially

limited to a pre-determined portion of said cannula.

8. The apparatus of claim 5, wherein said slits are so sized, shaped, and

positioned that bending said cannula in a predetermined direction results in a
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reduction of total cross-section of opened portions of said slits as compared to an

opened cross-section of said slits when said cannula is unbent.

9. The apparatus of claim 1, further comprising a manipulating rod

connectable to a proximal portion of said cannula.

10.  The apparatus of claim 9, wherein said manipulating rod is at least 20 cm

long.

11.  The apparatus of claim 9, wherein said manipulating rod comprises a distal
connector for connecting a distal portion of said rod to a proximal portion of said

cannula.

12.  The apparatus of claim 9, wherein said manipulating rod is sufficiently
long that a proximal portion of said rod extends beyond an irradiated field when a
distal portion of said cannula is inserted in a treatment target in a body, a distal
portion of said rod is connected to a proximal portion of said cannula, and said

treatment target is irradiated by an irradiating imaging modality.

13.  The apparatus of claim 1, wherein said tissue extractor comprises a stylet

advancable and retractable within said cannula.

14.  The apparatus of claim 13, wherein said stylet comprises a niche sized and

shaped to contain a tissue sample appropriate for a biopsy examination.

15. The apparatus of claim 14, wherein said cannula comprises a lateral
opening and said niche is operable to be at least partially aligned with. said lateral

opening.

16.  The apparatus of claim 15, wherein at some positions of said stylet within
said cannula said niche is at least partially aligned with said lateral opening, and
wherein at other positions of said stylet within said cannula said niche is

unaligned with said lateral opening.
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17.  The apparatus of claim 13, wherein said stylet comprises a cutting tip.
18.  The apparatus of claim 13, said stylet comprises a distal tip operable to
extend beyond said cannula.
19.  The apparatus of claim 18, wherein appearance of said stylet tip is visibly

different from appearance distal portions of said cannula, when both are viewed

by means of a clinical visual modality.

20.  The apparatus of claim 19, wherein said stylet tip and said distal portions

of said cannula are of visibly different radio-opacity.

21.  The apparatus of claim 19, wherein said stylet tip and said distal portions

of said cannula are of visibly different diameter.

22.  The apparatus of claim 1, wherein said cannula comprises a first proximal
handle and said stylet comprises a second proximal handle distinct from said first

proximal handle.

23.  The apparatus of claim 1, wherein a surface feature of said stylet and a
corresponding surface feature of said lumen of said cannula combine to constrain

said stylet to enter said cannula in a predetermined orientation.

24. The apparatus of claim 1, wherein said tissue extractor comprises a biopsy

needle.

25.  The apparatus of claim 14, further comprising a penetration limitation

module operable to limit penetration of said biopsy needle into body tissue.

26.  The apparatus of claim 24, wherein said biopsy needle has a flexible distal

portion.
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27.  The apparatus of claim 24, wherein said cannula comprises a lateral
opening, said biopsy needle comprises a flexible distal portion, and said flexible
distal portion extends from said lateral opening when said biopsy needle is fully

inserted in said cannula.

28.  The apparatus of claim 27, wherein a distal end of an internal lumen of
said cannula slants in a direction which forces said biopsy needle towards said
lateral opening when said biopsy needle is forced against said distal end of said

internal lumen of said cannula.

29.  The apparatus of claim 1, wherein said injector comprises a reservoir of

flowable material.

30.  The apparatus of claim 29, wherein said reservoir is operable to supply
said flowable material under pressure when manual pressure is applied to said
1eServoir.

31.  The apparatus of claim 29, wherein said injector further comprises a pump.

32. The apparatus of claim 1, wherein said cannula has a diameter of less than

3 mm.

33.  The apparatus of claim 1, wherein said cannula has a diameter of less than

2.4 mm.
34.  The apparatus of claim 1, further comprising a vibrator.

35. The apparatus of claim 1, wherein a distal end of said cannula is adapted

for insertion into a vertebra.

36.  The apparatus of claim 29, wherein said flowable material comprises bone

filler material.
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The apparatus of claim 29, wherein said flowable material comprises bone

cement.

38.

39.

An apparatus for treatment of a vertebra, comprising:
)] a cannula designed to deliver a material into a vertebra; and
) a manipulating rod attachable to a proximal portion of said

cannula, said rod being at least 20 cm in length.

An apparatus for treatment of a bone, comprising a cannula having an

internal lumen and a lateral opening near a distal end of said internal lumen, said

distal end of said internal lumen being shaped to guide a needle inserted through

said internal lumen and against said distal end of said internal lumen towards and

through said lateral opening.

40.

The apparatus of claim 39, further comprising a biopsy needle sized to be

inserted through said lumen and having a flexible distal portion sized to be able to

pass through said lateral opening.

41.

42.

43.

A method surgery of a body organ, comprising:

(2 providing a cannula having an internal lumen and at least one distal
opening;

(b) inserting a distal portion of said cannula into said body organ;

(© utilizing a tissue extractor to withdraw through said cannula a
tissue sample obtained through said distal opening;

(d) utilizing an injector connectable to said cannula to inject a flowable

material into said body organ through said cannula.

The method of claim 41, wherein said a distal opening is a side opening.

The method of claim 42, wherein said tissue extractor comprises a stylet with

a lateral niche, and wherein utilizing a tissue extractor to extract a tissue sample

comprises withdrawing said stylet from said cannula.
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44.  The method of claim 41, wherein said tissue extractor comprises a biopsy
needle, and wherein said utilizing of a tissue extractor comprises advancing a distal
portion of said biopsy needle through said internal lumen, through said distal opening,

and into body tissue.

45.  The method of claim 42, further comprising advancing said cannula through
said cancellous bone, thereby causing a sample of said cancellous bone to enter said

cannula through said side opening.

46. A method for treating a body organ under fluoroscopic monitoring,
comprising:
(a) providing a cannula having a distal end and a proximal end;
(b) providing an elongated rod having, at its distal end, an interlocking
mechanism which interlocks with said proximal end of said cannula;
(©) locking said rod to said cannula; and
() inserting said distal portion of said cannula into said body organ while
observing said body organ under fluoroscopic monitoring, holding only that
portion of said elongated rod which remains outside a field irradiated by said
fluoroscope when said while said fluoroscope irradiates said distal end of said

cannula.
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