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SYSTEM FOR USE IN TREATMENT OF VERTEBRAL FRACTURES

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of priotity to U.S. Provisional Patent
Application No, 62/159,800, filed on May 11, 2015, the content of which 1s mcorporated

herein by reference in its entirety.

FIELD OF THE INVENTION
{8002]  This invention relates to medical instruments and systems for creating a path or
cavity in tissue to create a cavity, apply energy or deliver substances. The features relating
to the methods and devices described heremn can be applied in any region of tissue where
tissue is displaced to define a bore or cavity. The devices and methods disclosed herein are
provided to reduce twisting of an arbiculated section of the shaft as well as provide
repeatable torque thresholds to imit anintentional excessive application of force to the
treated region of the body. In addition, the present invention also discloses methods and
devices for ablating or coagulating tissues, including but not Hmited to ablating tumor

tissue in vertebral andfor cortical bone,

SUMMARY OF THE INVENTION
{0003]  Methods and devices described herein relate to improved creation of a cavity,
path, or opening within tissne, bone or other hard tissue where the cavity s created by
displacement of the tissue. In a fust example, a method according to the present disclosure
includes treating a vertebral body or other bone structuee,
{6004]  One vanation of the device includes a handie mcluding an acteator member; a
shaft extending from the handle and having g deflectable section that is moveagble between
a linear configuration and an articulated configuration upon application of an axial
compression to the shaft upon movement of the actuator member and where the shaft
comprises at least a first sleeve having a plurality of first keyed slots, where the first keyed
slot comprises a first edge that forms a first keyved portion and second edge that forms a
{first key receiving portion, where the where i the linear configuration the first keyed

portion is separated from the first key receiving portion by a gap and upon assuming the

~~~~~
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nest together and increase a resistance to twisting deformation of the shaft, and where the
first keved portion and the fivst key receiving portion cach comprises & fivst taper angle
allowing the first keved portion to nest together with the first key receiving portion formmg
a contiguous surface.

{0005] ‘The vanation of the device can include a plurality of proximal keyed slots each
having a depth that varies from an adjacent proximal keved slots where such a
configuration can provide extra support at regions of hugh stress created duning articulation
and use of the device.

{0006] In an additional variation, the device can include a shaft that further comprises a
second tube having a plurality of second slots and a plurality of second tabs slidably
received in each of the second slots and located on a second side of the second whe
apposite to the first side of the first tube; wherein movement of the actuation member
causes compression of the first and the second wubes such that the first slots engage the first
tabs and the second slots engage the second tabs to cause the deflectable section to assume
the articulated configuration and to increase torsional resistance of the deflectable section.
{007] The variations of the devices can mclude a second taper angle on the plurality of
second slots and the plurality of second tabs each includes a second taper angle allowing
the second keved portion 1o nest together with the second kev receiving portion forming a
second contiguons surface.

{6008]  Varations of the devices can further include a torque hmiter having a torque
threshold and rotatably coupling the first slegve to the handle, where application of a torque
exceeding the torque threshold causes rotation of the torgue limiter relative 1o the handle 1o
rotate the first sleeve.

{0009) In some variations, the torque Haviter comprises a pluraliny of resistance
surfaces that are deflected upon application of a rotational force to the shaft.

{6019] The devices described herein can also include a first condnctive portion on the
shaft electrically coupleable to a first pole of a power supply and a second conductive
element coupled to the shaft being coupled to a second pole of the power supply.

{8011) In another variation, the invention includes a medical device for treating a
region of tissue by mechanically displacing the tssue. In one example such a device
comprises a handle including an actuator member; a shaft extending from the handle and
having a deflectable section that is moveable between a linear configuration and an
articulated configuration that can compress tissue as the shaft is moved in a linear

direction, the shaft comprising a phaality of lavers incloding at least a fist layer and a
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second layer, the second laver being shidable relative to the first laver; the first laver located
adjacent to a first side of the shatt and having a plurality of first recesses each forming a
first slot with a first tab located therein, the first slot and first tab have a first taper causing
an opening of the first slot to be wider than an end the first tab; the second laver located
adjacent to a second side of the shaft, the second side of the shaft being radially opposite to
the first side of the shaft, the second layer having a plurality of second recess each forming
a second slot with a second tab located therein; and where in the linear configuration the
first slot and first tab have a first clearance gap and the second slot and second tab have a
second clearance gap, wherein movement of the actuation member causes compression of
the shaft such that the first slot engages the first tab and the second slots engages the
second tab to reduce the first clearance gap and second clearance gap causing movement of
the deflectable section towards the articulated configuration and whereby reducing of the
first clearance gap and second clearance gap increase torsional resistance of the deflectable
section.

[0012]  The presem disclosure also includes methods of displacing tissue in a body. For
example such a method can include providing a device with an axially-extending shaft
having an articulating working end, wheremn the working end comprises at least a first
sleeve having a plurality of slots, where a first edge of each of the plurality of slots forms a
keyed portion, and where a second edge of each of the plurality of slots forms a key
recetving portion, where the keyed portion and key receiving portion comprise a tapered
angle and where a surface circumferentially opposite to the plurality of slots Is continnous
each formed into is formed inmo arcuate shape; inserting the working end into tissne; and
progressively articulating the working end through toward an increased curvatwre such that
the tapered angle allows the key recerving portion and the keyed portion to forma
contiguous surface and causing articulation of the articulating working end; rotating the
articulating working when articulated to displace adjacent cancellous bone.

{0013] In an addivonal variation, the present devices include medical osteotome
devices that can treat a hard tissue {2.g., in a vertebral body) by mechanically displacing the
hard tissue and/or applying therapeutic energy to ablate or coagnlate tissne. Another
variations of the method disclosed herein can include the application of energy between
electrodes on the device to ablate tissues (.., tumor or 1o perform other electrosurgical or
mapping procedures withm the tissue.

{0014] In one such example for treating a vertebral body, the method can include

yroviding an elongate tool having a sharp tip confivured for peneiration into vertebral bone,
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the tool having an axis extending from a proximal end to 3 working end thereof, where the
working end comprises at least a first sleeve concenirically located within a second sleeve,
where each sleeve comprises a series of slots or potches to limut deflection of the working
end to a first curved configuration in a single plane and where the respective series of slots
or notches are radially offSet in adjacent sleeves, where a {irst conductive portion of the
first sleeve is electrically coupled to a first pole of & power supply; advancing the working
end through vertebral bone; causing the working end to move from a hinear configuration to
a curved configuration by translating the first sleeve relative to the second sleeve in an
axial direction; and applying energy between the first conductive portion and a return
electrode electrically coupled 1o a second pole of the energy supply to ablate or coagulate a
region within the vertebral body.

{0015]  The method can further include the vse of one or more cannulae o inoduce the
tool into the target region. Such g cannula can maintain the tool in g straight or linear
configuration until the tool advances out of the cannula or until the cannula is withdrawn
from over the tool,

{1 6] As described herein, upon creation of the cavity, the method can further include
the insertion of a filler material or other substance into the cavity. The filler material can
be delivered through the tool or through s separate cannula or catheter,

{0017] Variations of the device can include one or more lumens that extend through the
shaft and working end. These lamens can exit at a distal tip of the device or through a side
opening in a wall of the device. The lumen can include a surface comprising a lubricious
polvmeric material. For example, the material can comprise any bic-compatible material
having low frictional properties (e.g., TEFLON®, a polvtetrallurcethylene (PTFE), FEP
(Fluormated ethylenepropylene), polyethylene, polyamide, ECTFE

{ Ethylenechlorotrifluorg-ethylene}, ETFE, PYDE, polyvinyl chioride and silicone).

{0018]  As described herein, the devices can include any number of configurations to
prevent rotation between adjncent sleeves but allow axial movement between the sleeves.
For example, the sleeves can be mechanically coupled via a pin/slot or kev'keyway
configuration. In an additional variation, the sleeves can be non-circalar to prevent
rotation.

16019] In an additional variation, the disclosure includes various kits comprising the
device described herein as well as a fifler matenal {e.g., a bone cement or other bone filler

material}.
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[0020]  Varations of the access device and procedures described above include
combinations of features of the various embodiments or combination of the embodiments
themselves wherever possible.

16021] The disclosure of this application is related to, and can be combined with the
following commonty assigned patents USE391507 filed January, 31, 2013 issued on
November 26, 2013; US 8663226 filed September, 30, 2009 issued on March 04, 2014, US
8758349 filed October, 13, 2009 1ssued on June 24, 2014, and US 8864760 filed March,
11, 2013 issued on October 21, 2014; as well as the following commonly assigned US
Patent Apphications: US-2014-0133779-A1 filed January, 16, 2014, US-2014-0371740-A1
filed June, 23, 2014, US-2011-0251615-A1 filed April, 08, 2011; US-2011-02935201-A1
filed April, 29, 2011; US-2013-0231654~A1 filed March, 26, 2013; US.2011-0205262-A1
filed April, 29, 2011; US-2012-0130381~-A1 filed November, 22, 2011; US-2014-03503542-
Al filed August, 06, 2014; and US-2014-0163566-A1 filed March, 15, 2013, The entirety

of each of the above patents andfor applications is incorporated by reference herein.

BRIEF DESCRIPTION OF DRAWINGS
{0022]  FIG. | is a plan view of an osteotome of the invention.
{0023]  FIG. 2 15 a side view of the osteotome of FIG. |
{0024] FIG. 3 is a cross sectional view of the osteotome of FI1G. 1.

{8025]  FIG. 4 is gn enlarged sectional view of the handle of the osteotome of FIG. 1.

A

10026] FIG. 3 15 an enlarged sectional view of the working end of the osteotome of
FIG. 1.

{0027 FIG. 6A is a sectional view of the working end of FIG. § in a inear
configuration.

{0028] FIG. 6B is a sectional view of the working end of FIG. 5 in a curved
configuration.

{0029] FIGS. TA-7C are schematic sectional views of a method of use of the osteotome
of FIG. 1.

{6030]  FIG. 8 is another embodiment of an osteotome working end.

10031] FIG. 9 is another embodiment of an osteotome working end.

10032] FIG. 10 is another variation of an osteotome with an outer sleeve.

{0033} FIG. 11 13 a cut-away view of the working end of the osteotome of FIG. 10
{0034]  FIG. 124 is sectional view of another embodiment of working end, taken along
fine 12A-124 of FIG. 11,
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{0035] FIGS. 12B and 12C dlustrate additonal vanations of preventing rowtion
between adjacent sfeeves.

{0036]  FIG. 13 1s sectional view of another working end embodiment sinnlar to that of
FIG 1L

{0037 FIG. 14 is a cut-away perspective view of the working end of FIG. 13,

{0038] FIG. 15 illustrates another embodiment of an osteotome as described herein that
has a distal working end that is configured for deformation resistance when nsed in very
hard cancellous bone.

{0039] FIG. 16 iHuostrates an osteotome device as shown in FIG. 15 with g torque-
Himiting mechanism built info a handle portion.

{00486] FIG. 17 Wustrates 8 de-mated slotted sleeve of the device of FIG. 15 wherem
the slots are configured to resist radial deformation of the working end when articulated.
{0041] FIGS. 18A and 18B illustrate first and second concentric slotted sleeves of the
device of FIG. 15 from different sides to itlustrate the configuration of the slots.

10042] FIG. 18C illustrates a sleeve configuration with arcuate slots and a radial slot.
{H343] FIGS. 19A-19C are enlarged schematic views the working end of the osteotome
of FIG. 15 illustrating the progressive application of force would be apphied by the working
end to cancellous bone, wherein the force application progresses over different axial
portions of the working end as it articunlates.

16044]  FIGS. 20A-20B show the distal end of a prior art stylet with a hinged distal tip
that is used to treat cancellous bone; FIG. 19A showing the working end in a linear shape
for insertion inte bone; FIG. 19B showing the working end in an articulated shape for
creating a space i bone having a certain area.

{8045) FIG. 21 is a view of the working end of FIGS, 15 and 19A-19C illustrating the
width and volume of displaced cancellous bone caused by articulation of the working end.
{8046] FIG. 22 is a view of the working end of FIGS. 15 and 19A-19C illustrating the
volume of displaced cancellous bone caused by articulation and rotation of the working
end.

{6047]  FIG. 23 s a view of the prior art stylet working end of FIGS. 20A-208
depicting the limited volame of cancellous bone that ca be displaced by articulation and
rotation of the prior art device.

[0048] FIG. 24A ilustrates another variation of an articulating device,

{0049]  FIGS. 24B-24C respectively illustrate an outer sleeve and an mner sleeve that

form the shatt of the device of FIG. 24A.
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[0058]  FIG 25A Hustrates a top view of the working end of the device shown in FIG.
244,

{0051]  FIG. 25B, which comprises a magnified section of the area 258 i FIG, 25A.
{8032] FIG. 25C shows the shaft of FIG. 23A in a partially articulated configuration.
[0053] FIGS. 25D-25E iHustrate a shaft in a fully articulated configuration and a
reverse articulated configuration.

{0054]  FIGS. 26A-26C illustrate a vanation of an nner sleeve.

[00S3]  FIGS. 27A-27C show another aspect of a sleeve design with varying levels of
depth.

[0036] FIGS. 28A-28D sllustrate a variation of an actuation mechanism of a device as
described herein.

{00571 FIGS. 294 - 29C show an example of an mner and outer sleeve operatively
coupled to an gotuation mechanism.

{0058] FIGS. 30A-30D illustrate an example of a torque lmiter designed to nunimize
surface area contact when providing resistance to torgueing of the device.

{59 FIG. 31 llustrates a variation of an osteotome as described herein having
electrodes on a up of the device and another electrode on the shaft.

j0060] FI1G. 32 illustrates an osteotome device as shown in FIG. 31 after being
advanced into the body and where current passes between electrodes.

{0061]  FIG. 33 tlustrates a vaviation of a device as described hevein further including a
connector for providing energy at the working end of the device.

10062] FIGS. 34A and 34B tllustrate a device having a sharp tip as disclosed herein
where the sharp tip is advanceable from the distal end of the shaft.

{0063) FIG. 35 shows a cross sectional view of the device tlustrated 1n FIG. 348 and
also ilustrates temperature sensing elements located on device.

[0064] FIG. 36 shows a variation of a device where the inner sleeve is extended from
the device and where carrent is applied between the extended portion of the inner sleeve
and the shaft to treat tissue.

{0063]  FIG. 37 tllustrates a vanation of a device as described herein further including
an extendable helical electrode carried by the working end of the device.

{0066] FIGS. 38A and 388 illustrate the device of FIG. 35 with the helical electrode in
a non-extended position and an extended posttion.

{6067)  FIGS. 38C and 38D illustrate charts of vanations of electrodes having ablated

volumes given a particular duration of an ablation cycle.
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[0068]  FIG. 39 illustrates the working end of the device of FIG. 36 in a vertebral body
with the helical electrode debivertng Rf energy 1o ablate tissue.

{0069 FIG. 40 Hustrates the working end of an osteotome sunilar to that of FIGS.
38A-38B showing temperature seasors disposed within the working end.

{00706 FIG. 41 illustrates another osteotome working end similar to that of FIGS. 384~
38B.

{0071] FIGS. 42A 10 42E depict variations of devices having multiple temperature
sensing elements adjacent 1o energy transfer portions.

10072] FIGS. 43A 10 43C illustrates the use of one or more temperature sensing

elements to monitor and/or control the growth of a region of treated tissue.

DETALLED DESCRIPTION
{0073] Referring to FIGS. 1-5, an apparatys or osteotome 100 is shown that is
configured for accessing the interior of a vertebral body and for ereating a pathway In
vertebral cancellous bone to receive bone cement. In one embodiment, the apparatus is
configured with an extension portion or member 105 for mtroducing through a pedicle and
wherein a working end 110 of the extension member can be progressively actuated fo curve
a selected degree and/or rotated to create a curved pathway and cavity in the divection of
the midline of the vertebral body. The apparatus can be withdrawn and bone il material
can be introduced through a bone cement injection cannula. Alternatively, the apparatus
100 itself can be used as a cement injector with the subsequent injection of cement through
a lumen 112 of the apparatus.
{0074 In one embodiment, the apparatus 104 comprises a handle 115 that is coupled to
a proximal end of the extension member 105, The extension member 105 comprises an
assembly of first (outer) sleeve 120 and a second {inner) sleeve 122, with the first sleave
120 having a proximal end 124 and distal end 126, The second sleeve 122 has a proximal
end 134 and distal end 136, The extension member 103 is coupled to the handle 115, as
will be described below, to allow a physician to drive the extension member 103 into bone
while contemporancously actuating the working end 110 into an actuated or curved

oo

configuration (see FIG. 6). The handle 115 can be fabricated of a polymer, metal or any
other material suitable to withstand hammering or impact forces used to drive the assembly
into bone {e.g., via use of a hammer or sumilar device on the handle 115). The wmner and

outer sleeves are fabnicated of a suitable metal allov, such as stainless steel or NiT1. The
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wall thicknesses of the mner and outer sleeves can range from about 0.0057 10 0.010 with
the cuter diameter the outer sleeve ranging from about 2.5 mm to 5.0 mm,

{0075]  Referrmg to FIGS. 1, 3 and 4, the handle 115 comprises both a first grip portion
140 and a second actuator portion indicated at 142, The grip portion 140 is coupled to the
first sleeve 120 as will be described below. The actuator portion 142 is operatively coupled
to the second sleeve 122 as will be described below. The actuator portion 142 is rotatable
relative to the goip portion 140 and one or more plastic flex tabs 145 of the grip portion 140
are configured to engage notches 146 in the rotatable actuator portion 142 to provide tactile
dication and temporary locking of the handle portions 140 and 142 in a certain degree of
rotation, The flex tabs 145 thus engage and disengage with the notches 146 o permit
ratcheting (rotation and locking) of the handle portions and the respective sleeve coupled
thereto.

18076] The notches or slots in any of the sleeves can comprise & uniform width along
the length of the working end or can comprise a varving width. Alternatively, the width
can be selected in certain areas to effectuate a particular curved profile. In other variation,
the width can increase or decrease along the working end to create a carve having a varving
radius. Clearly, it is understood that any number of variations are within the scope of this
disclosure.

{8077] FIG. 4 is a sectional view of the handle showing a mechanism for actuating the
second inner sleeve 122 relative 1o the first outer sleeve 120, The actuator portion 142 of
the handle 115 is configured with a fast-lead helical groove indicated at 150 that cooperates
with a protruding thread 149 of the grip portion 140 of the handle. Thus, it can be
understood that rotation of the actwation portion 142 will move this portion to the posttion
indicated at 150 (phantom view). In one embodiment, when the actuator portien 142 i
rotated a selected amount from about 450 to 7200, or from about 900 to 360q, the inner
sleeve 122 is lifted proximally relative to the grip portion 140 and outer sleeve 120 to
actaate the working end 110, As can be seen in FIG. 4 the actuator portion 142 engages
flange 152 that is welded to the proximal end 132 of mner sleeve 122, The flange 152 15
lifted by means of a ball bearing assembly 154 disposed between the flange 152 and metal
bearing surface 155 mserted into the grip portion 140 of the handle. Thus, the rotation of
actuator 142 can lift the inner sleeve 122 without creating torque on the inner sleeve.
{0078] Now turming to FEGS. 5, 6A and 6B, #t can be seen that the working end 110 of
the extension member 105 s articulated by cooperating slotted portions of the distal

portions of outer sleeve 120 and tnner sleeve 122 that are both thus capable of bending in a
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substantially tight radins. The outer sleave 120 has a plurality of slots or notches 162
therein that can be any slots that are perpendicolar or angled relative to the axis of the
sleeve. The inner sleeve 122 has a plurality of slots or notches indicated at 164 that can be
on an opposite side of the assembly relative to the slots 162 in the ouer sleeve 120. The
outer and inner sleeves are welded together at the distal region indicated at weld 160. It
thus can be understood that when inner sleeve 122 is translated in the proximal direction,
the outer sleeve will be flexed as depicted in FIG. 6B. Tt can be understood that by rotating
the actuator handle portion 142 a selected amount, the working end can be articulated 1o a
selected degree.

[0079] FIG. 4, 5, 6A and 6B further illustrate another element of the apparatus that
comprises a flexible flat wire member 170 with a proximal end 171 and flange 172 that is
engages the proximal side of flange 152 of the inner sleeve 122, At least the distal portion
174 of the flar wire member 170 is welded to the inner sleeve at weld 175, This flat wire
member thus provides a safety feature to retamn the working end in the event that the fnner
slegve fails at one of the slots 164,

{HIB6]  Another safety feature of the apparatus comprises a torque linmter and release
system that allows the entire handle assembly 115 to freely rotate——for example if the
working end 110 158 articulated, as i FIG. 6B, when the physician rotates the handle and
when the working end is engaged in strong cancellous bone. Referring to FIG. 4, the grip
portion 142 of the handle 115 engages a collar 180 that s fixed to a proximal end 124 of
the outer sleeve 120. The collar 180 further comprises notches 185 that are radially spaced
about the collar and are engaged by a ball member 186 that is pushed by a spring 188 nto
noiches 185, At a selected force, for example a torque ranging from greater than about 0.3
inch*lbs but less that about 7.5 inch*lbg, 5.0 inch*tbs or 2.5 inch*1bs, the rotation of the
handle 115 overcomes the predetermined limt. When the torque limiter assembly is in its
tocked position, the ball bearing 186 15 forced into one of the notches 185 in the collar 180
When too much torque is provided to the handle and ower sleeve, the ball bearing 186
disengages the notch 185 allowing the collar 180 to turn, and then reengages at the next
notch, releasing anywhere from 0.5 inch¥bs 1o 7.5 inch®ibs of torque.

{6081] Referring to FIGS. 6A and 6B, it can be understood that the inner sleeve 122 s
weakened on one side at its distal portion so as to pernut the inner sleeve 122 to bend in
etther divection but i3 lunited by the location of the notches in the outer sleeve 120, The
curvature of any articulated configuration is controlled by the spacing of the notches as

well as the distance between each notch peak. The tnner sleeve 122 also bas a beveled tip

10
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for entry through the cortical bone of a vertebral body. Either the mner slesve or outer
sleeve can form the distal tip.

{0082]  Referrmg to FIGS. 7TAL7C, in one vaniation of use of the device, a physician
taps or otherwise drives a stylet 200 and introducer sleeve 205 into a vertebral body 206
typically antid the stylet tip 208 13 within the anterior 1/3 of the vertebral body toward
cortical bone 210 (FIG. 7A). Thereafter, the stylet 200 is removed and the slesve 205 is
moved proximally (FIG. 7B). As can be seen in FIG. 7B, the tool or ostectome 100 is
nserted through the introducer sleeve 203 and articulated in a series of steps as described
above. The working end 110 can be articulated tntermittently while applving driving
forces and optionally rotational forces to the handle 115 to advance the working end
through the cancellous bone 212 to create path or cavity 215, The tool is then tapped to
further drive the working end 110 to, toward or past the midline of the vertebra. The
physician can aliernatively articulate the working end 110, and drive and rotate the working
end further until imaging shows that the working end 110110 has created a cavity 215 of an
optimal configuration. Thereafter, as depicted in FIG. 7C, the physician reverses the
sequence and progressively straightens the working end 110 as the extension member is
withdrawn from the vertebral body 206, Thereafter, the physician can insert a bone cement
fjector 220 into the path or cavity 215 created by osteotome 100, FIG. 7C Hustrates a
bone cement 222, for example a PMMA cement, being injected from a bone cement source
225,

{0083] In another embodiment (not shown), the apparatus 100 can have a handle 115
with a Luer fitting for coupling a bone cement syringe and the bone cement can be injected
through the lumen 112 of the apparatus. In such an embodiment FYG. 9, the lumen can
have a lubricious surface laver or polymeric Hining 230 1o insure least resistance o bong
cement as it flows through the humen. In one embodiment, the surface or lining 230 can be
a fluorinated polymer such as TEFLON® or polytetrafluroethylene (PTFE). Other suitable
fluoropolymer resins can be used such as FEP and PFA. Other materials also can be used
such as FEP (Fluorinated ethylenepropylene), ECTFE (Ethylenechlorotrifluoro-ethylene),
ETFE, Polyethylene, Polyamide, PVDF, Polyvinyl chlonde and sihicone. The scope of the
imvention can include providing a polymeric material having a static coefficient of friction
of less than 0.5, less than 0.2 or less than 0.1,

{0084 FIG. 9 also shows the extension member or shaft 103 can be configured with an

exterior flexible sleeve indicated at 255, The flexible sleeve can be any conumnonly known
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bincompatible material, for axample, the sleeve can comprise any of the materials
described i the preceding paragraph.

{0OBS]  As also can be seen in FIG. 9, in one variation of the device 1), the working
end 110 can be configured to deflect over a length indicated at 260 in a substantially
smooth curve. The degree of articulation of the working end 110 can be at least 4350, 900,
1350 or at least 1800 as indicated at 205 (FI1G. 9). In additional variations, the slots of the
outer 120 and inner sleeves 120 can be varied to produoce a device having a radius of
curvature that vartes among the length 260 of the device 100,

j0086] In another embodiment of the inveation, the inner sleeve can be spring loaded
relative the outer sleeve, in such a way as 10 allow the working end to straighten under a
selected level of force when pulled in 8 linear divection. This feature allows the physician
to withdraw the assembly from the vertebral body partly or completely without further
rotation the actuating portion 142 of handle 113, In some variations, the force-tinmuter can
be provided to allow less than about 10 inch™ibs of foree to be applied to bone.

{0087] In another embodiment shown in FIG. 8, the working end 110 is configured
with a tip 240 that deflects to the position indicated at 2407 when driven into bone. The tip
240 15 coupled to the sleeve assembly by resilient member 242, for example a flexible
metal such as stainless steel or NiTi. It has been found that the flexing of the tip 240
causes its distal surface area to engage cancellous bone which can assist in deflecting the
working end 110 as it is hammered wnto bone.

{0088] In another embodiment of the invention (not shown), the actuator handle can
inchude a secondary {or optional} mechanism for actuating the working end. The
mechanism would include a hammer-able member with a ratchet snch that each tap of the
hanumer would advance assembly and progressively gctuate the working end into a curved
configuration. A ratchet mechanism as known in the art would mamiain the assembly in
each of a plurality of articulated configurations. A release would be provided to allow for
release of the ratchet to provide for straightening the extension member 105 for withdrawal
from the vertebral body.

{6089]  FIGS. 10 and 11 llusirate avother variation of a bone treatroent device 400 with
a handle 402 and extension member 405 extending to working end 410 having a similar
constraction to that FIGS. 110 68. The device 400 operates as described previously with
notched first (outer) sleeve 120 and cooperating notched second {inner) sleeve 122,

However, the vanation shown in FIGS. 10 and 11 also includes a third concentric notched
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sleeve 420 exterior to the first 120 and second 122 sleeves. The notches or slots in sleave
420 at the working end 410 permit deflection of the sleeve as mdicated at 265 in FIG. 11
{6098]  FIG. 10 also 1Hlustrates the {reatment device 400 as mcluding a luer fitting 412
that allows the device 402 to be coupled to a source of a filler material {e.g., a bone filler or
bone cement matertal). The luer can be removable from the handle 402 to allow
application of an impact force on the handle as described above. Moreover, the luer fitting
402 can be located on the actuating portion of the handle, the stationary part of the handle
or even along the sleeve. In any case, variations of the device 400 permit coupling the
filler material with a lumen extending through the sleeves (or between adjacent sleeves) 1o
deposit tiller material at the working end 410, As shown by arrows 416, filler material can
be deposited through a distal end of the sleeves (where the sharp tip is solid) or can be
deposited through openings in a side-wall of the sleeves. Clearly, variations of this
configuration are within the scope of those familiar in the field.

{0091} In some vartations, the third notched sleeve 420 15 configured with its smooth
{non-notched) surface 424 disposed to face inwardly on the articulated working end (FIG.
11} such that a solid surface forms the interior of the curved portion of the working end
410, The smooth surface 424 allows withdrawal of the device 100 into a cannula ot
introducer 205 without creating a risk that the slots or notches become caught on a cannula
205 (see e, FIG. 7B),

{8092]  As shown i FIGS. 10-11, the third {outermost) sleeve 420 can exiend from an
intermediate location on the extension member 403 to a distal end of the working end 4190,
However, variations of the device include the third sleeve 420 extending to the handle 402,
However, the third sleeve 420 is typically not coupled to the handle 402 so that any
rotational force or torgue generated by the handle 402 18 not directly transimniited 1o the third
sleeve 420,

10093] In one variation, the third sleeve 420 is coupled to the second sleeve 120 at only
one axial location. In the illustrated example shown in FIG. 11, the third sleeve 4201
affixed to second sleeve 420 by welds 428 at the distal end of the working end 410,
However, the welds or other attachment means {e.g., a pin, kev'keyway, protrusion, etc.)
can be located on a medial part of the sleeve 420, The sleeve 420 can be fabricated of any
bio-compatible material, For example, in one variation, the third sleeve is fabricated form
a 3.00 mun diameter stamnless steel material with a wall thickness of 0.0077. The first,
second and thind sleeves are sized to have dimensions to allow a shding fit between the

sleaves.
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{0094] FIG. 12A is a sectional view of extension member 405 of another variation,
sumnilar to that shown i FIGS. 10-11. However, the vanation depicted by FIG. 12A
comprises non-round configurations of concentric slidable sleeves (double or triple slesve
devices). This configuration limits or prevents rotation between the sleeves and allows the
physician to apply greater forces to the bone to create a cavity. While FIG. 12A Hlustrates
an oval configuration, any non-round shape is within the scope of this disclosure. For
example, the cross-sectional shape can comprise a square, polvgonal, or other radially
keved configuration as shown in FIGS. 12B and 12C. As shown in FIG. 12C the sleeves
can include a key 407 and a recetving keyway 409 to prevent rotation but allow relative or
axial sHding of the sleeves. The kev can comprise any protrusion or member that shides
within a receiving keyway. Furthermore, the key can comprise a pin or any raised
protrusion on an exterior or interior of a respective sleeve. In this dhustration, only the first
122 and second 120 sleeves are illustrated. However, any of the sleeves can be configured
with the kevikevway., Preventing rotation between sleeves unproves the ability to apply
force to bone at the articulated working end.

{EHY95] FIGS. 13-14 dlustrate another variation of a working end 410 of an osteotome
device. In this variation, the working end 410 includes one or more flat spring elements
450, 460a, 460h, 460c, 460d, that prevent relative rotation of the sleeves of the assembly
thus allowing greater rotational forces 1o be applied to cancellous bone from an articulated
working end. The spring elements further urge the working end assembly mto g linear
configuration. To articulate the sleeves, a rotational force is applied to the handle as
described above, once this rotational force is removed, the spring elements urge the
workiog end into a linear configuration. As shown in FIG. 13, one or more of the spring
clements can extend through the sleeves for affixing to a handle to prevent rotation.
Furthermore, the distal end 454 of flat spring element 430 is fixed to sleeve assembly by
weld 455, Thus, the spring element is fixed at sach end to prevent its rotation. Alternate
variations include one or more spring elements being affixed to the inner sleeve assembly
at a medial section of the sleeve.

{6096]  As shown in FIGS. 13-14, vanations of the osteotome can tnclude any number
of spring elements 460a-460d. These additional spring elements 460a-460d can be welded
at either a proximal or distal end thereof to an adjacent element or a sleeve to allow the
element to function as a leaf spring.

{0097]  FIGS. 15-16 illustrate another embodiment of an osteotome 300 with shalt

assembly 305 having an articalating working end 510 that 18 designed to provide especially
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high strength and thus 15 adapted for use m dense, hard cancellous bone. In one aspect, the
working end 510 exhibits hugh strength m applyving high forces capable of displacing dense
cancellous bone as the working end is moved from a linear insertion shape towards an
articulated, non-linear shape. In a second aspect, the working end 510 exhibits high
strength in resisting radial deformation when the articulated working end articulates to
displace dense cancellous bone.

{0098] In FIG. 15, it can be seen that handle 512 is coupled to the shalt assembly S05
that extends about an indicated at 515, The first handle portion or body 516 and the
rotatable actuator or second handle body S18 function as described i previous
emtbodiments to articulate the working end 310 and axis 315 from a linear configuration to
a curved configuration. FIGS. 15 and 16 show that the first handle body 516 is coupled to
ougter sleeve 320 of the shaft assembly 303 and the second handle body 318 15 coupled to
inner sleeve 822

{6099] FIG. 16 iz a sectional view of handle 312 again showing the mechaniam for
actuating the second inner sleeve 522 relative to the first outer sleeve 520, wherein the first
and second handle bodies 316 and 318 are mated along a fast-lead helical thread 526. Thus,
rotation of handle body 518 from about 450 to %00 wall 1ift or transiate the inner sleeve 522
axially relative to the outer sleeve 520 to articulate the working end 5310, As can be seen in
FIG. 16 the second handle body 518 engages flange 528 that is wekded or otherwise joined
to the proxmmal end 532 of nner sleeve 522, In this embodiment, a torque limiting
mechanism is provided in handle 312 which comprises a ball 333 that is wrged by spring
536 into a detent 338 in metal collar 540 that is fixedly coupled 1o handle body 516, Aset
serew 542 13 provided to adjust the force at which the torque-release mechanism will
release under rotation of the handle. The re-settable torque relegse mechanism s set to
release at a muinsnum of § inch™bs of torque. In one embodiment, the release is setat 8
inch*1bs of torque, 10 inch*lbs of torque or 12 inch*1bs of torque.

jo1o0] In FYG. 15, it can be seen that the working end 510 1s configured with a series of
slots 350 in the first and second sleeves 520 and 322 that allow for articulation of the
asserubly. The slots 550 are provided in both sleeves and can range in number from about
S to 20. However, additional variations of the device can inclade any number of slots in
either sleeve. This variation also illustrates slots that have an arcuate confignration rather
than being a sunple radial slot 1s shown i previous embodiments. In one variation, the

slots 350 each have a first radial slot portion 552 that extends substantially radially about a
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sleeve 520 or 322 and a second axial slot portion 555 that extends substantially axially in a
sleeve 320 or 522

{101]  FIG. 17 shows an outer sleeve 520 de-mated from the shaft assembly 505 1o
more particularly depict the dimensions and features of arcuate slots 5530, In this variation,
the arcuate slots 350 are also configured as a "keyed” or interlocking features wherein one
slot edge comprises a projecting “key’ element 560 that slides into and engages a key-
receiving shape 562 of the opposing slot edge when the sleeve s articulated. Thus, the
interlocking projecting and receiving features 360 and 562 provide the shaft assembly 303
with significanily increased strength in resisting deformation when the working end 18
rotated in dense cancellous bone. The arcuate slots 350 as depicted in FIG. 17 can be
provided in either the outer sleeve 320, the inner sleeve 522 or both sleeves. Also, etther or
both steeves can include any combination of arcuate and radial slots in the same sleeve.
Alernatively, a cooperating sleeve without the arcuate slots 350 of FIG. 17 can have
radiallv-onented slots as described i earlier embodiments. The radial oriented slots, as
shown previously, comprise slots that extend about a portion of the circamference of the
sleeve. Where each radial oriented slot s typically within a plane is perpendicular to an
axis of the sleeve {when straight). An arcuate slot, also is located about a portion of the
circamference of the sleeve but 1s not limited to within a plane that 1s perpendicular to an
axis of the sleeve. As shown in Fig. 35B, the arcuate slots are angled when viewed from a
side of the device. In certain additional variations, a sleeve can include both arcuate slots
and radial slots as shown in Fig. 18C. The arcuate shaped slots can also be referred 1o as
axial ontented slots as the direction of the slot is parallel or angled from an axis of the
sleeve while a radial oriented slot is perpendicular to an axis of the sleeve. Such a
combingtion of slots can be provided on any sleeve {an inner sleeve, an outer sleeve, or
both sleeves). In alternate variations, the device can be configured to deflect m a torsional,
slightly helical, or non-planar articulated configuration. In such a case, each adjacent slot
will be radially offset along a length of the device.

10102] FIG. 35A 15 a plan view of inner sleeve 522 de-mated from shaft assembly 503
and again shows the arcoate slots 330 with interlocking projecting and recetving featares
Sa0 and 362, In FIG. 358, it can be seen that on shaft assembly 505 includes arcuate slots
550 in both sleeves. The slot can be aligned or non-aligned when the working end is ina
hinear positton. The distal ends of the shafis can be coupled together by a press-fit pins
mnserted mto holes 566 m the sleeves (FIG. 17) or by any other suitable fastening means

such as welding.
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[0103] In another aspect of the wmvention best seen in FIGS. 17 and 354, the arcuate
slots 550 bave a varied width, again for providing greater resistance to torsional, twisting or
radial deformation when i use. In one embodiment, the slot width A on the axialty-
extending slot portions 555 along the sides 570a and 570b of the projecting feature 560 is
less than the slot wadth R on the radial-extending siot portion 552 adjacent the end surface
572 of projecting featuwe 560, Referring to FIGS. 35A, 358 and 37, #t can be understood
how the keved featured 560 and 562 will mesh and interlock when the working end is
articulated and thus resist deformation under twisting loads. In one embediment, the axial
slot portions 555 have a width A of less than 0107, 0087 or 0067, In such an embodiment,
the said radial slot portions 552 have a width R that greater than 0067, 0087 or 0107, Such
slot can be cut by a laser cutter as 1s known in the art.

{104]  Referring back to FIG. 15, the working end 510 is adapted for providing a
sharp, tight radins curvature which is desirable in an osteotome 500 used in a vertebral
body. In one embodunent, the transverse dimension T of the working end 510 w the
fully articulated position is at least 10 mm. Further, the working end 510 is capable of
articulation such that the {inear axis 515 s deflected at least 900 to axis 5157 as depicted in
FIG. 15, In one embodiment, the deflectable shaft portion has a length dunension LD of 12
mumn or fess i its hinear shape (FIG. 15} and is capable of articulation to provide a
maximum transverse dimension TD of at feast 10 nim and further articulate the axis 515 at
least 900. In general, the working end has a deflectable shaft portion that provides a ratio
of at least 0.8:1 of the maximum transverse dimension TD relative to the length dimension
LD of the deflecting shaft portion.

j0105] Now referring 1o FIGS. 19A-19C, another aspect of the invention relates fo the
level of forces that can be applied to bone when articulating the working end 510, without
regard to rotation of the articulated working end. In one embodiment as depicted in FIGS.
15-18C, movement of the working end toward the articulated configuration can apply at
least 30 lbs. foree to cancellous bone, or at least 50 1bs. force to bone or at teast 70 b,
force to bone. Still referring to FIGS. 19A-19C, another aspect of the invention relates to
the manner 1s which forces are applied to bone when the working end 1s progressively
articulated and in which there is not single hinge point around which the working end
pivots. As the plurality of slots close together, they do so in a sequential manner to
progressively articulate the working end.  FIGS. 19A-19C dlustrate that maximum forces
are applied at the distal tip of the device in a progressive manner as first the most distal

portion of the shalt articulates, then an adjacent proximal portion of the shaft articolated an
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so forth. This aspect of the working end differs greatly from the prior art stylet device and
working end 580 of FIGS. 20A-20B, wherein the stylet tip 382 is actuated by pull rod 584
which caused the tip 382 to swing around a single pivot pomt 385 which thus loads the
entire elongated surface 588 of the stylet tip 382, It can be undersiood that device of FIGS.
T9A-18C winch provide a progressive, sequential application of force over discrete
articulating portions can displace cancellous bone far more effectively with a small
diameter tool than hinge-type device as in FEG. 20B which cannot apply forces
progressively and sequentially over the articulating surface.

j0106] FIG. 21 depicts another aspect of the wvention wherein i ¢an be seen that
working end 510 can be progressively articulated to displace a path in cancellous bone
having a width W, In other words, the width W is equal to the diameter of the working end
510, in contrast, the prior art device of Fi. 20B can typically only displace a path in
cancellous bone having g width X, which is less that the diameter of the tool.

{0107] FIGS. 22 and 23 illustrate another aspect of the invention wherein the working
end when rotated can displace a much greater volume of cancellous bone that the prior art
device of FIGS. 20A-20B. In FIG. 22, # can be seen that rotation of working 510 as it is
articulated can great a very large displaced volume Y of cancellous bone compared to the
volunie Z that could potentially be displaced by the working end 580 of FIGS. 20A-208.
{0108] FIG. 24A illnstrates another variation of a device 900 having a shaft 902 witha
working end 906 with a sharp tip 908, As Husirated the device 900 includes an articulating
portion 904 at the working end 906, The device can also include a handle 910 with an
actuating portion or member 212 that causes articulation of the working end 806. The
handle can include a window 214 1o permit a physician to indirectly observe the degree of
articulation of the working end. The foatures of the handle 910 are described further below.
{109]  As discussed herem the device 900 is designed to provide especially high
strength and thus is adapted for use in dense, hard cancellous bone as well as other tissne
meluding soft tissue, compacted tissue, temors, or other regions the body with varving
density. In one aspect, the working end 906 exhibits high strength in applying high forces
capable of displacing dense tissae as the working end s moved from a hinear insertion
shape towards an articulated, non-linear shape. The variation of the device 900 shown in
FIG. 24A includes additional features to produce high strength in resisting radial
deformation when the articulated working end articulates to displace dense tissue as well as
mereased strength when articulated. The features can also increase a fatigoe strength of the

device.
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{01 14] FIGS. 24B and 24C respectively illustrate an outer sleeve 930 and an mner
sleeve 950 that form the shaft 902, In certain vanations the shaft can comprise a single
sleeve {e.g. an outer sleeve 930} alone. Alternatively, the shaft 902 can comprise three or
more nested sleeves. As shown, outer sleeve 930 includes a first plurality of keyed slots
932 to permit articulation of the sleeve. The inner sleeve 930 includes a second plarality of
keyed slots 952 where the second plurality of keyed slots 952 can be rotationally offset
from the first plurabity of keyed slots 952, In addition, m the variations shown, the sleeves
can comprise solid or continuous tubes where the keyed slots are opposite to a continaous
section of material. Such a configuration increases the strength of the device when used to
displace tissue in an articulated configuration. However, additional variations of the device
can inclode sleeves formed from assembled components that form the keved slot
configuration,

{0111]  FIG. 25A illustrates a top view of the working end 906 of the device 900 shown
in FIG. 24A. Specifically, the outer sleeve 930 is shown having a plurality of keved slots
932 extending along a portion of the sleeve 930. Rather than being parallel, the edges of the
keved slots are formed into keved portions 934 and key receiving portions 936, As noted
above, the keved slots 932 extend i a depth-wise manner as shown below. In this
variation, as shown in FIG. 25B, which comprises a magnified section of the area 238 in
FIG. 254, the keved slots 932 are separated by a gap 938 when the shaft is in the linear
configuration and also mclude a taper angle 942 where the keyed portions 934 and key
receiving portions 936 are each tapered. This taper allows for a fit benveen the keyed
portion 934 and the key receiving portion 936 that minimizes clearance between the two
edges when nested together. Such a taper also permits mereased surface area contact
between the face of the keved portion 934 as well as the lateral tapered sides, The sides of
the keved slots 932 are cut to provide a clearance gap 942 {see FIG. 248) which provide
clearance 1o permit bending of the sleeve 930. The keved slots 932 can be configured such
that the clearance gap 942 remains separated or closes upon articulation of the sleeve 930
{0112]  To articolate the shafi, as disclosed herein, the actuating member of the handle
of the device can apply a compressive foree to the sleeve 930, This compressive force
causes the keved portion 934 and key receiving portion 936 to join or nest together and
form a contiguous or near contiguous surface. Where such a contignous surface is not
possible without the taper angle. The contiguous sarface mcereases the contact area between
the keyved portion 934 and key receiving portion 936 when nested together and improves

the torsional resistance of the shaft when articulated. FIG. 25C tHustrates a working end of
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a shaft in a partially articulated configuration where the keyed portions begin to nest within
the key recetving portions 936 where full articulation would cause formation of the
contiguous surface. In the ilustrated variation, the taper angle 942 1s the same for each of
the keved slots 932, However, variations of the device can include a shaft or sleeve with a
plurality of series of keved slots 932 with sertes of keved slots having different taper angles
as well as a combination of keved slots and nn-keved slots as disclosed above.

{0113] FIG. 25D illustrates a side view of a working end of a shaft 902 m a fally
articulated position (where the shaft includes the inner 930 and outer 930 sleeves).
Vartations of the device can be configured to have more or less of an articulation angle. As
shown, keved portion and the key receiving portion the keyed slots 932 join together while
clearance gap 942 at the side of the slots 932 remains separated. FIG. 25E illustrates a
variation of the device where the articulating section 904 of the shaft can straighten from
the articulated configuration shown in FIG. 25D and continne to reverse and articulate, at
Jeast partially, in an opposite direction. Partial reversal of the articulating section 904 can
assist the physician in removing the device from hard tissue by allowing the device to fally
return to the linear configuration shown m FIG. 24A. As noted above, 1o certam variations
of the device, the surface of each sleeve opposite to the slots is continuous and articulation
of the sleeve occurs with plastic deformation of the continuous portion. The ability 1o
partially articulate the articulating section in a reverse direction counter the plastic
detormation effect of the continuous section of the sleeves (the side of the sleeve opposite
to the slots) which allows for the shaft to ultimately retura to a Hinear configuration and
removed from the target site, In addition, the amonnt of articulation or reverse articulation
can be configured based on the slot design.

{0114) FIG, 26A illostrates a variation of an inner sleeve 950 sinnlsr to that shown
FIG. 24C where the inner sleeve 950 includes a plurality of keyved slots 932 located n such
a manner that they are rotationally offset by 180 degrees relative to the plurality off keved
slots 932 on the owter sleeve 930, FIG. 268 shows the keyed slots 52 ag having adjacent
edges that form a keved portion 934 and a respective kev receiving portion 956. The keyed
portion 954 and respective key receiving portion 956 are separated by a gap 958 and
inchude a taper angle 960 where the span of the taper angle 960 s also reversed 1o the taper
angle 940 of the outer sleeve 930, In other words, on the outer sleeve 930, the taper
icreases {or the edges of the keved portion 934) diverge in a direction towards the handle
of the device, while on the inner sleeve 950, the taper increases (or the edges of the keved

portion 954) diverge in a direction towards the tp 908 of the device. In the llustrated

Peed
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variation shown in FIG. 264, the mner sleeve includes an opening or lumen 920 that can be
used to deliver materials andfor fluid throogh the chaft In alternate variations, the tip 908 is
a solid member as shown above.

{0115] In addition, as the inner sleeve 950 articulates, the gap 958 between the parallel
edges of the keved portion 954 and the key recetving portion 936 increases while the gap
between the tapered sides of the keved portion 954 and the key recerving portion 936
decreases such that the tapered sides ultimately contact each other.

{0116]  In alternate variations, the divection of the taper can be altered as desired for
example, the outer sleeve can have the taper orientation shown tn FIG. 268 and the ner
sleeve can have the orientation shown m FIG. 25B. Alternatively, in vet additional
vartations, the taper orientation can be the same in both sleeves.

{0117]  Figs 27A to 27C show another aspect of a feature of a sleeve design for use with
variations of the devices described herein, In this variation, the slots 932 are designed with
varying levels of depth. While the illustrations show the varving slot depth with respect fo
the outer sleeve 930, the ner sleeve can also optionally include a plurality of slots having
a depth that vary.

{0118]  FIG. 27A illustrates a plurality of keved slots 832 having a clearance gap 942
that extends to a umform distance or depth in the sleeve 930 as shown by axis 970
However, the depth of the keved slots located within region 27B begins to decrease.
Reducing the depth of the nightmost keved slots mcreases the amount of material on the
continuous side 940 of the sleeve 930, FIG. 27B illustrates a magnified view of the region
278 of FIG. 27A. As illustrated, the right four (4) keved slots have depth that increases, as
shown by axis 972, leaving more material on the contiuons side 946 of the sleeve. It wag
tound the highest stress concentrations occur that the proximal keyed slots so by wcreasing
the material on the continuous side 946 of the sleeve 930 at these regions, the fallure rate of
the device can be reduced. Typically, prior to this configuration, the device failed by
developing cracks i continuous region, wheve the crack propagated from the edge of the
clearance gap.

{0119]  FIG. 27C iflustrates a planar representation of the keyed slot pattern where the
edges of the clearance gap 942 are along axis 970 for full depth slots and the edges of the
clearance gaps 942 for slots of decreasing depth are along axis 972, In certain variations,
the depth of the slots can vary continnously along all of the keved slots or, alternatively,

along only a portion of the keved slots. Reducing the depth of some or all of the keved slots

21



WO 2016/183178 PCT/US2016/031822

can be useful for the outer sleeve, inner sleeve, or both as well as any number of additional
sleeves that form the shaft.

{128]  FIGS. 28A to 28D dlustrate a variation of an actuation mechanism of a device
900 as described herein, FIG. 28A illustrates a handle portion 910 having an agtuator
member 912, where rotation of the actuator member 912 causes the shaft (not shown) to
move between the linear and articulated position as noted above. The actuator member 912
can also be rotated 10 a reverse direction when the shaft 1s in a linear configoration to
produce the reverse articulated configuration shown in FIG. 25E above. FIG. 284 also
shows the handle 910 with a window 914 that allows the physician to indirectly observe the
degree of articulation of the working end of the shaft when the working end of the shaft is
nserted into a body portion or tissne, FIG. 28A also shows the shafi 902 as having a
directional indicator 922 to pernit the physician to identify the plane or direction in which
the workings end articulates andfor a direction of the tip 908 of the shaft 902,

jo121] FIGS. 28B and 28C dlustrates the handle 910 of the device 900 of FIG. 28A
with an upper shell of the handle removed to better ilustrate the articnlating mechanism of
the device 9K} when positioned within a lower shell 916 of the handle 9100

{0122]  In the example shown, the outer sleeve 930 15 coupled to a torque limiter 982 as
described below. In operation, rotation of the actuator 910 causes relative movement of the
mner sleeve 930 relative to the outer sleeve 930, As shown, and deseribed in detail below,
the mner sleeve is coupled to a male thread actnator component 976 that transiates the
rotational motion of the actuator 910 inte linear movement. The linear movement of the
male thread actuator component 976 moves the inner sleeve relative to the outer sleeve,
{0123 The outer sleeve 930 1s coupled to a torque limiter 982, which works together
with the shells of the handle 910 as a release system, This release system limiss the amouns
of rotational force that can be apphied to the entive handle assembly before it freely rotates.
For example when the working end of the shaft is in an articulated configuration within
tissue and a physician attempts to rotate the handle, the articolated section of the shaft will
apply a force against the adjacent tissue. However, if the working end of the shaft engages
hard or strong tissue and the physicias applies a rotational force that exceeds the torgue
imit set by the release assembly, the release system causes the handle 910 to rotate relative
to the shaft 902 thereby preventing failure of the device or unintended tranma to the
patient. As discussed below, the release system lustrated in FEGS. 28A-28D was found to
produce devices with nunimal deviation of the torgque required to trigger the release system.

FIGS. 28A 1o 28D also show a thrust bearing 964 with adjacent washers 966, which allows
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for rotation of the torque linster 982 and proxumal end of the outer sleeve 930 while
supporting any axial load cause by the movement of the nner sleeve 950 relative to the
outer sleeve 936

{0124] The torque limiter can be designed for any range of torque thresholdsimis,

7
E

inciuding but not limited 0.5 inch™Ibs to about 7.5 imch™lbs, 5.0 mch¥ibs or 2.5 mch¥lbs,
the rotation of the handle 115 overcomes the predetermined limit. When the torque Himiter
assembly rotates relative to the handle, the mterference between the torque hmiter and the
handle provides the torque threshold/limit. When an amount of torque s provided 1o the
handle and outer sleeve that is greater than the designed torgue threshold/limit, resistance
surfaces on the torgue imiter deflect allowing the shaft.

j0125] In the variation of the device shown i FIGS. 28A t0 28D, the articulating
mechanism comprises a male thread actuator 976, a female thread actuator 978, and the
actuator member 912, The male thread actuator 976 secures the proximal end of the inner
sleeve 950 at one end and engages a female thread actuator 978 at itz other end. The female
thread actuator 978 couples to the actuator member 912 such that rotation of the actuator
member 912 causes rotation of the female thread actaator 978, which moves the male
thread actuator 976 within the female thread actuator 978. Movement of the male thread
actaator 976 moves the inner sleeve 930 relative to the ounter sleeve 930 causing
articulation of the shaft. As noted above, the male thread actuator 876 can be vistble within
a window 914 of the handle 910, Accordingly, the male thread actuator 976 can be
constructed from a clear material so that the proximal end of the inner sleeve 950 is visible
within the window 914 and provides guidance to the phyvsician on the degree of articulation
of the shaft. Alternatively, or in combination, the male thread actnator 976 can have
markings that gre vigible within the wimdow 914,

{0126] The male thread actuator 976 can be configured as a “clam shell” design where
each half of the male thread actuator 976 shell encloses the proximal end of the inner
sleeve 950, In the lustrated variation, the seam formed by each shell of the male thread
actuator 976 shell is rotated 90 degrees relative to the seam formed by the adjacent shells of
the handle 910, Such a coufiguration increases the amount of force that the male thread
actuator 976 can apply to the proximal end of the inner sleeve 950 without causing the
inner slegve 950 from disengaging from the male thread actuator 976,

j0127] FIG. 28C shows an exploded assembly view of the device shown mn FIGS. 2BA-
C. In addition to those components already discussed above, the device can optionally

melude any number of spacers 924 and collars 926 for normal assembly purposes.

23



WO 2016/183178 PCT/US2016/031822

Furthermore, vanations of the device can use deflectable members to accommuodate the
natural dimensional tolerances between components in the handle. Such deflectable
members include, but are not linited to spring washers, o-rings, or other structure that
provides flexibility.

{0128] FIGS. 29A and 29B illustrate an example of an outer sleeve 93¢ and inner
slegve 950, FIG. 29A shows the sleeves 930 and 930 in an exploded view. As shown, the
mmner and for onter sleeve distal ends form the sharp tip 902, In additonal vanations, one
sleeve forms the sharp tip or an insert is positioned in the sleeves where the insert forms the
sharp tip. The outer sleeve can include any nwmber of depth markings 944 as well as other
features to atd the physician in positioning the device,

j0129] Also, the iflustrated sleeves imclude the keved slots 932 and 952 1o form the
articulating section of the shaff. However, in alternate variations of the device, one or both
of the sleeves can include non-keved slots as described herein,

{0136] FIG. 294 also illustrates the outer sleeve 930 having a plate 948 affixed to a
proximal end. As described above, the plate 948 can be coupled to the handle, or to the
torque hmauter as shown above. The inner sleeve 950 1s positioned wiathin the outer sleeve
930 such that the slots in each sleeve are located on opposite sides of the sleeves. For
example, the slots 932 in the outer sleeve are adjacent to the continuous section of the fnner
slegve 950, while the slots of the mner sleeve 9350 are adjacent to the continuous section of
the outer sleeve 930, The distal ends of the sleeves 930 and 930, beyond the slots are
affixed such that relarive movement of the inner sleeve 930 relative 1o the outer sleeve 930
causes articulation. Optionally, the outer sleeve andfor inner sleeve can include an opening
QR0 that aids in alignment of the sleeves and/or fixation of the sleeve.

{0131} FIG. 29A and 29B also itlustrate the muer sleeve with an arca of tncreased
diameter 960 {2.g., a ball} located at the proximal end. As discussed herein, the ball or
increased diameter region altows rotation of the male thread actuator 976 about the
mereased diameter region 960, In addition, the inner sleeve 9530 can include a lumen 920
{(in which case the lamen opening will extend through the handle to a port, luer, or other
fitting.)

{0132] FIG. 29C illustrates the actuator mechanism coupled to the increased diameter
960 of the mner sleeve 830. As shown, the female thread actuator 978 mcludes a threaded
inner portion that engages threads on the outer portion of the male thread actuator 984,
Rotation of the female thread actuator 978 {via the actuator member of the handle) causes

axial movement of the male thread actuator 976 since the female thread actuator 978 is
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constrained from axial movement in the handle bousing. The nle thread actuator 876
includes proximal 984 and distal stops 986, which Hmat articulation of the shaft when the
stops engage the female thread actuator (proximal stop 984) or the housing assembly (distal
stop 986). The outer sleeve plate 948 is prevented from axial movement by the handle body
so that axial movement of the inner sleeve 930 causes relative movement between the
slegves to articulate the sleeves. The inner sleeve 950 can rotate relative to the male thread
actuator 976 bat is prevented from rotation due to the coupling of the outer sleeve 948 1o
the torque liniter 982,

10133] As discussed above, the torgque limiter 982 himits the rotational force that can he
applied 1o the articulated working end of the shaft. In one variation of the device, the torque
fimiter 982 is designed to minimize surface contact with resistance pomts within the torgue
chamber 988 of the handle 910. FIG. 304, illustrates a cross sectional view taken along
fine 30A-30A in FIG, 288 (where the torque limiter and shaft are hidden to itlustrate the
chamber 982). In this variation, the chamber 988 comprises a cross sectional shape that
nests the torque limiter and only provides resistance upon relative rotation between the
chamber 982 and torgue hmuter 982, This configuration minimizes surface contact between
the surface of the chamber 982 and the surface of the torque linuter. Minimizing surface
contact between components was found to provide for consistency 1o torque thresholds
across devices since the surface of the components can become altered during processing,
sterilization or storage of the devices. Accordingly, a torque hmiter configuration that is
engaged upon relative rotation of the components can result in a lower standard deviation
of measured torgue thresholds.

0134 FIG. 308 illustrates a perspective view of a torque limiter 982, where the torque
hanter includes a plurality of resistance surfaces 990 that are formedicut into the torque
fimiter 982 to form a senies of arm or cantilever construction, where the resistance surfaces
990 are configured to have a greater diameter than an adjacent section of the torgue Himiter
{as seen in FIG. 30C) so that upon rotation, the resistance surfaces deflect the slotted
portion of the worque limiter 982, The torgue chamber 988 and cross sectional profile of the
resistance surfaces (as shown by FIG. 30D) are designed so that after the torgne Hinuter
rotates (or the chamber rotates relative to the torque limiter), the resistance surfaces return
to an un-deflected state. Once in the un-deflected state the outer diameter of the resistance
surfaces 990 (as viewed tn FIG. 30D) s stightly less than the mner diameter of the torque

chamber 988 (as viewed by FIG. 304). The torgue threshold of the torque himiter can be
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adjusted by selection of materials, depth and/or width of the grooves 992 forming the arm
or cantilever construction.

{135]  In the example shown in FIG. 30A, the torque chamber comprises a non-
circular cross section. The illustrated variation shows an octagon shape, but variations can
include any polygon shape, any non-symimetrical shape (e.g., oval, elliptical, etc.}, or any
uniform shape (e.g., circular) with resistance poiats to provide interference with the
resistance surface 990 of the torgae limiter 982,

{0136]  In an additional vanation, the devices described abovecan include one or more
electrodes 310, 312 as shown m FIG. 31, In this particelar example, the device 300
mcludes spaced apart electrodes having opposite polarity o function in a bi-polar mannet,
However, the device can inclade a monopolar configuration. Furthermore, one or move
electrodes can be coupled to individual channels of a power supply so that the electrodes
¢an be energized as needed. Any variation of the device described above can be confignred
with one or more electrodes as described herem,

{0137] FIG. 32 illustrates an ostectome device 300 after being advanced into the body
as discussed above. As shown by Hnes 315 representing current flow between electrodes,
when required, the physician can conduct RF current between electrodes 310 and 312 1o
apply coasgulative or ablative energy within the bone structure of the vertebral body {or
other hard tissue). While FIG. 32 illustrates RF carrent 315 flow between elecirodes 310
and 312, varigtions of the device can mclade a number of electrodes along the device to
apply the proper therapeutic energy. Furthermore, an electrode can be spaced from the end
of the osteotome rather than being placed on the sharp tip as shown by electrode 310, In
some variations, the power sapply 13 coupled to the aner sharp tip or other working end of
the first sleeve. In those variations with only two sleeves, the second pole of the power
supply is coupled with the second sleeve (that is the exterior of the device} to form a retwn
electrode. However, in those variations having three sleeves, the power supply can
alternatively be coupled with the third owter sleeve. In vet additional variations, the second
and third sleeves can both function as return electrodes. However, in those devices that are
monopolar, the return electrode will be placed outside of the bady on a large area of skin.
{0138] FIGS. . 33 to 37 illustrate another variation of an articulating probe or
osteotome device 500, In this variation, the device 500 mchides a working end 505 that
carries one or more RE electrodes that can be used to conduct carrent therethrough.
Accordmgly, the device can be used to sense impedance of tissue, locate nerves, or simply

apply electrosurgical energy to tissue to coagulate or ablate tissue. In one potential use, the
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device SO0 can apply ablative energy to a tumor or other tissue within the vertebra as well
as create a cavity.

{139]  FIGS. 33, 34A, 348 and 35, lustrate a vanation of the devive 300 as having a
handle portion 506 coupled to a shaft assembly 310 that extends along axis 512 to the
articulating working end 5035, The articalating working end 505 can be actuatable as
described above. In addinion, FIG. 33 shows that handle component 514a can be rotated
relative to handle component 514b o cause relative axial movement between a first outer
sleeve 520 and second inner sleeve 522 (FIG. 33) 1o canse the slotted working ends of the
sleeve assembly to articulate as described above. The working end 505 of FIG. 35 shows
two sleeves 320 and 522 that are actuatable 1o articulate the working e, but it should be
appreciated that a thivd outer articulating sleeve can be added as depicied above. In one
variation, the articulating working end can articulate 90° by rotating handle component
Sida between ¥ turn and ¥4 turn. The rotating handle component S14a can include detents
at various rotational positiens to allow for controlied hammering of the working end into
bone. For example, the detents can be located at every 45° rotation or can be located at any
other rotational increment.

{0148]  FIG. 33 depict an RF generator 530A and RF controlier 3308 connectable to an

electrical conpector 532 in the handle component S14a with a plag Cconnector indicated at

* 4l

136, The RF generator is of the type known in the art for electrosurgical ablation. The

i

outer sleeve 520 comprises a first polanty clectrode indicated at S40A (+). However, any
energy modality can be emploved with the device.

{0141] FIGS. 34A and 34A illustrate yet another variation of a working end of a device
for creating cavities in hard tissue. As shown, the device 500 can include a central
extendable sleeve 530 with a sharp tip 552 that is axially extendable from passageway 354
of the assembly of first and second sleeves 320 and 322 (FIG. 36). The sleeve 350 can alse
inciude a second polarity electrode indicated at 540B (). Clearly, the first and second
electrodes will be electrically msulated from one another. In one variation, and as shown
in FIG. 36, the sleeve assembly can carry a thin sleeve 555 or coating of an msalative
polymer such as PEEK or Ceramic 1o electrically isolate the first polariy electrode 3404
{+} from the second polarity electrode 5340B (). The slectrode can be deployed by rotating
knob 558 on the striking surface of handle component 51da (FIG 33). The degree of
extension of central sleeve 530 can optionally be mndicated by a shider tab 5§37 on the

handle. In the iustrated variation, the shider tab s located on erther side of handle

27



WO 2016/183178 PCT/US2016/031822

component 514a (FIG. 333 Sleeve 550 can be configured 1o extend distally bevend the
assembly of sleeves 520 and 522 a distance of about 5 10 15 mm.

{142]  Refernmng to FIG. 35, the central extendable sleeve 530 can have a series of slots
i at feast a distal portion thereof to allow it to bend m cooperation with the assembly of
first and second sleeves 520 and 522, In the embodiment shown in FIG. 348, the central
sleeve 550 can optionally include a distal portion that does not contain any slots. However,
additional varmations include stots on the distal portion of the sleeve.

{0143]  FIG. 35 further depicts an electrically insulative collar 360 that extends length
A to axially space apart the first polarity electrode S40A {+) from the second polarity
electrode S40B (). The axial length A can be from about 0.5 1o 10 mm, and usually i3
from 1 to S mun.  The collar can be a ceramic or temperature resistant polymer.

{0144]  FIG. 33 also depicts a polymer sleeve 363 that extends through the lomen in the
center of electrode sleeve 550, The polymer sleeve 563 can provide saline infusion or
other fluids to the working end and/or be used to aspuate from the working end when In
use. The distal portion of sleeve 350 can include one or more ports 366 therein for
delivering fluid or aspirating from the site. .

{0145]  In all other respects, the osteotome system 500 can be driven mto bong and
articulated as described above. The electrodes S40A and S40B are operatively coupled to a
radiofrequency generator as is known in the art for applying coagulative or ablative
electrosurgical energy to tissue. In FIG. 36, it can be seen that RF carrent 5§75 15 indicated
in paths between electrodes 340A and 540B as shown by lines 375, RF generator 530A
and controller 3308 for use with the devices described herein can include any number of
power settings to control the size of targeted coagulation or ablation area. For example, the
RF generator and controller can have Low or power level 1 (5 watts), medium or power
tevel 2 {10 Watts) and High or power level 3 (23 watts) power settings. The controller
S30B can have a control algorithm that monitors the temperature of the slectrodes and
changes the power mput in order to maintain a constant temperature. At least one
temperatare seasing element {e.g., a thermocouple} can be provided on various portions of
the device. For example, and as shown tn FIG. 35, a tomperature sensing element 577 can
be provided at the distal tip of sleeve 550 tip while a second temperature sensing element
578 can be provided proximal from the distal tip to provide temperature feedback 1o the
operator to indicate the region of ablated tissue during the application of RF energy. In one
example, the second temperature sensing element was located approximately 15 to 20 mm

from the distal tp.
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{B146] FIG. 37 illustrates another vanation of articulating osteotome 600 with RF
ablation features. Variations of the tHustrated osteotome 600 can be simlar to the
ostectome of FIGS. 33-35B. In this variation, the osteotome 600 of has a handle 602
coupled to shaft assembly 610 as described above. The working end 610 again has an
extendable assembly indicated at 615 in FIG. 37 that can be extended by rotation of handle
portion 622 relative to handle 602, The osteotome can be articulated as described
previousty by rotating handle portion 620 relative 10 handle 602,

{0147] FIGS. 38A-38B are views of the working end 610 of FIG. 38 in a first non-
extended configuration {FIG. 38A) and a second extended configuration (FIG. 39B). As
can be seen in FIGS, 38A-381, the extension portion 615 comprises an axial shaft 624
together with a helical spring element 625 that is axially collapsible and extendible. In one
ernbodunent, the shaft can be 8 tube member with ports 626 fluidly coupled a humen 628
therein., In some varigtions, the ports can carry a fluid to the working end or can aspirate
fluid from the working end.

{0148] In FIGS. 38A-38B, it can be seen that axial shaft 624, helical spring element
628 together with sharp tip 630 comprise a first polanty electrode {+) coupled to electrical
source 530A and controller 5308 as described previously. An insulator 632 separates the
helical spring 625 electrode from the more proximal portion of the sleeve which comprises
opposing polarity electrode 640 {-). The RF electrodes can function as described above
{see FIG. 37) 1o ablate tissue or otherwise deliver energy to tissue..

{0149] In one variation, the extension portion 613 can extend from a collapsed spring
fength of 2 mm, 3 num, 4 mm or § mm to an extended spring length of 6 mam, 7 mm, 8 mm,
S mm 10 mm or more. In the working end embodiment 615 in FIG. 38B, the spring can
comprise a flat rectangular wire that assisis in centering the spring 625 about shaft 624 and
still can collapse to short overall length, with the flat surfaces of rectangular wire oriented
for stacking. However, other vanations are within the scope of the variations described
herein.

{0156] Of particular impornance, it has been found that ability of the osteotome 600 1o
ablate tissue 18 greatly enhanced over the embaodinient 500 of FIG. 37 by utihizing the
helical spring. The use of the spring 625 as an elecuode provides significant improvements
in delivering energy. This spring provides (1) greatly increased electrode surface area and

{11} a very greatly increased length of relatively sharp edges provided by the rectangular

provide low surface area the concentration or density of RF current 18 greater al the edges

s
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increased electrode surface ares and increased electrode edge length—allow for much more
rapid tissue ablation.

{0151] In one aspect of the invention, the surface area of the spring electrode 625 can
be at least 40 mm2, at least 30 mm2, or at least 60 mm2 over the spring electrode lengths
described above.

{0152] In another aspect of the mvention, the total length of the 4 edges of rectangular
wire spring can be greater than 50 mm, greater than 100 mm or greater than 150 mm over
the spring electrode lengths described above.

[0153] In one example used in testing, an osteotome 600 as in FIG. 37-38B was
configured with a helical spring that bad a collapsed length of 1.8 mm and an extended
length of 7.5 num. In this embodiment, the swrface area of the spring electrode 625 when
extended was 64, 24mn® and the total length of the elecirodes edges was 171,52 mm (four
edges at 42.88 mm per edge).

{0154] In a comparison test, a first osteotome without a helical electrode was compared
against a second osteotome 600 with a belical electrode as in FIG. 38B. These devices wers
evaluated at different power levels and different energy delivery intervals to determine
volume of ablation. The working ends of the devices had similar dimensions excepting for
the helical spring electrode. Referring to FIG. 38C, RF energy was delivered at a fow
power setting of 5 Watts. Tt can be seen tn FIG. 39C that at a treatment interval of 120
seconds and SW, the volume of ablation was about 3 times faster with the helical elecirode
compared 1o the working end without the helical electrode (1.29 cc vs. 44 ).

jO155) Another comparison test of the same first osteotome 500 (FIG. 33B) and second
osteotome 000 with a helical electrode (FIG, 38B) were evaluated at higher 15 Watt power
level. As can be seen in Fig. 38D, RF energy at a treatiment interval of 25 seconds and
15W, the volume of ablation was again was about 3 times faster with the helical electrode
compared to the working end withowt the helical electrode (1.00 ce vs. §.37 cc). Referving
to FIG. 38D, the device without the helical electrode impeded out before 60 seconds
passed, so that data was not provided. The testing shows that the helical electrode is well
suited for any type of tissue or tumor ablation, with a 60 second ablation resulting in 1,63
ce of ablated tissue,

j01356] FIG. 39 schematically illustrates the ostectome 660 in use m a vertebral body,
wherem the RF current between the electrodes 625 and 640 ablate a tissue volume

mdicated at 640.
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[01587]  FIG. 40 13 an enlarged sectional view of a working end 710 of ablation
osteotome strmlar to that of FIGS. 37-38B. In this embodiment, shaft or mtroducer sleeve
assembly 712 has an outside diameter of 4.5 mm or less, or 4.0 mn or less. Inone
embodiment, the diameter of introducer 712 15 3.5 mun and comprises outer sleeve 715a,
intermediate sleeve 7150 and inner sleeve 7135¢ all of which are slotted to permit
articulation of a portion of the working end as can be seen in phantom view in FIG. 41.
{0158) In FIG. 40, the extendable element or sleeve 720 1s shown m an extended
configuration which extends helical spring element 725 as described above. In this
embodiment, the sleeve 720 and helical spring element 723 together with sharp tip 730
comprises a first polarity electrode coupled to an RF source 330A and controller 330B as
described previously. Ap insulator 732 separates the helical spring 725 electrode from the
distal portion 734 of the sleeve which comprises opposing polasity electrode 740, it can be
seen that extendable sleeve 720 has a distal portion that is slotted to permit bending as the
working end s articulated. The RF electrodes can function as described above {see FIG.
37} to ablate tissue.

{1159] In one aspect of the invention, the electrode surface portion of the extendable
assembly 735 {sleeve 720 and helical element 725} is moveable from a non-extended
position to an extended position during which the electrode sarface area varies less than
10% between said non-extended and extended positions. In another embodiment, the
electrode surface area varies less than 5% hetween said non-extended and extended
positions. This aspect of the invention allows for similar ablation volumes per unit time no
matter the dimension of the extendable assembly 735 since the surface are of the helical
element 725 accounts for nearly all of the electrode surface area. The extendable element
can have an electrode surface arcg of at least 40 mm2, gt least 50 nun, or at least 60 mm2,
{0160] FIG. 4041 further lustrates another aspect of the invention which includes at
least one temperature sensor, also referred to as a temperature detecting element, in the
working end for controlling or terminating RF energy delivery when tissue adjacent the
temperature reaches a predetermined level.

{0161) In one variation, as shown m Fig. 40, a tenperature detecting element 745 can
be disposed between first and second dielectric sleeves 746 and 748 that insulate the
introducer sigeve assembly 712 from the extendable sleeve 720, In an embodiment, the RF
energy can be activated to ablate tissue until the boundary of ablated tissue adjacent the
temperature detecting element 745 reached a predetermined temperatore and the

temperature detecting element signal can then be coupled to the controller to termunate RF

31



WO 2016/183178 PCT/US2016/031822

energy delivery. In on embodiment, the temparature detecting element 745 can be disposed
between first and second layers of a thin wall dielectric material, 746 and 748, such ag
PEEK that 1s used to insulate the opposing polanty electrodes from each other. In FIG. 40,
the temperature detecting element 745 can be positioned dimension AA from the distal end
of the introducer sleeve assembly 712 which can range from: S mm to 18 mm. FKG. 40
depicts a second temperature detecting element 750 that can be positioned dimension BB
from the first temperature detecting element 745 which can be a distance ranging from 3
mmte IS mm

j0162] As shown FIG. 40, a teraperature detecting element 745 can be disposed oun an
outer radins of an articulated distal portion of the working end. In another embodiment, the
temperature detecting element{(s) can be disposed on an inner radius of the articulated distal
portion of the working end.

{0163] In FIG. 41, it can be seen that the helical element 7295 has a distal end coupled,
for example by weld 732, 1o the distal tip element 730 of the extendable assembly 733,
FIG. 42 further shows that helical element 725 has a proximal end coupled to a safety wire
764 that extends proxunally and 1s bonded to the imtroducer assembly, for example being
secured with adhesives or other means between the first and second lavers of dielectric
material, 746 and 748,

{0164] In one embodiment shown in FIG. 41, a conductive fluid source 763
communicates with a lumen 770 extending through the extendable sleeve 720 1o provide
saline infusion throngh ports 772 into the region of tissue targeted for treatment.

{0165] In general, a method corresponding to the vention comprises introducing an
elongated introducer sleeve comprising retur electrode nto targeted tissue, articulating a
distal region of the fntroducer sleeve and extending an extendable member from the
mtroducer sleeve, wherein the extendable member comprises an active or first polarity
electrode having an electrode surface area that varies less than 10% between non-extended
and extended positions, and activating an RF source, such that when activated, current
flows between the extendable member and the introducer sleeve to apply energy to the
targeted tissue. The method ncludes terminating activation of the RF source when a
temperature sensor spaced apart from the first polarity elecirode reaches a predetermined
temperature. The temperature sensor can be spaced apart from the fivst polarity electrode
by at least § mm, 10 mm or 15 mm. The method can target tissue in or near a bone such as

a vertebra or long bone. The targeted tissue can be a tumor,
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[0166] Another method of the myvention comprises treating a twmor i1 or near bong
which mchudes providing an elongated shaft with an articulating working end carrying first
and second polarity electrodes, utilizing articulation of the working end to navigate the
working end to a position in or near a bone twmor, activating an RF source, such that when
activated, current flows between the first and second polarity electrodes to ablate the
tumor; and tenminating activation of the R¥ source when a temperature sensor spaced apart
from the second polarity electrode reaches a predetermuined temperature. In this method,
the temperature sensor spacing from an active electrode is configured to provide a
predetermined tissue ablation volume. As shown mn FIG. 40, the working end can carry a
plurality of axially spaced apart temperature sensors, and each sensor can be used to
indicate a particular dimension of ablated tissue as each sensor reaches a predetermined
temperature based on the expanding volume of ablated tissue.

10167] In another embodiment, the medial and proximal regions of the outer sleeve can
be covered with a thin-wall insulative material to provide a distal electrode surface having
a predetermined surface area that matches the surface area of the helical element 725, The
sleeve 720 at the mterior of the helical element also can be covered with a thin-wall
dielectric material. In use, the device then would operate in a truly bi-polar manner since
the opposing polarity electrodes would have an equal surface area no matter the length of
extension of the extendable assembly 735, In general, a device corresponding to the
mvention wonld comprise an clongate introducer having a distal end, wherein a surface
portion of the introducer comprises an electrode, an extendable member including a helical
element comprising an second electrode moveable from a non-extended position to an
extended position from the introducer wherein the electrode surface area of the first
electrode and the second electrode match no matter the nov-extended or extended position
of the second electrode.

{0168] In another variation of the mvention under the present disclosure, the devices,
systems and methods described herein can include the use of one or wore temperature
sensors {also called temperature detecting elements) to monitor, control, and/or otherwise
provide a phyvsician with the mformation needed 1o ensure g desired treatment.

{0169] The temperature sensor/temperature detecting element can comprise any
element that can measure temperature of the adjacent tissue or measure temperature of the
device immediately adjacent to tissue provide this information to a controller or other
portion of the system as described heremn. In most vanations of the device, the temperature

detecting element 18 used to assess femperatore of the tissue before, duning, or after
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apphication of energy. Examples of temperature detecting elements melude thermocouples,
resistance temiperature detectors (RTDs), optical temperature measurement $ensors,
pyrometers. In addition, the present disclosure can include any type of temperature
measurement device capable of determining a temperature of tissue or even parts of the
device that would otherwise indicate a relative temperature of the tissue.

{0176] FIG. 42A illostrates a device similar o that shown in FIG. 40 where a
temperature detecting element 745 is disposed between first and second dieleciric sleeves
746 and 748 that insulate the introducer sleeve assembly 712 from the extendable sleeve
720, As shown the temperature detecting element 745 can be disposed on an outer radins
of an articulated distal portion of the working end. In addition, FIG. 42A shows a second
temperature detecting element 750 positioned proximally from the first temperature
detecting element 745 where spacing of such temperature detecting elements aliows for
control and/or monitoring a region of heated tissue as described below. However,
variations of the devices allow for any number of temperature detecting elements fo be
used in any number of positions.

{171} For example, FIG. 4283 iHlustrates two temperature detecting element 245, 250
positioned on an exterior sleeve 715A of the device. In an additional variation, the
temperature detecting elenments can be positioned i bebween the slots of the exterior sleeve
TI5A.

{0172]  FIG. 42C shows another variation of a device having a phurality of teraperatare
detecting elements 745, 750, 754, 756, 7538 spaced along the shaft. Clearly, the
temperature detecting elements could be located on an interior of the device, similar to that
shown in Fig. 24A. Alternatively, as shown in FIG. 42D, temperature detecting elements
can be included both on an imterior and exterior of the device. FIG. 42E llustrates
temperature detecting elements 743, 730, 754 located on both sides of the device.
Ahlernatively, the temperature detecting element can comprise a ring tvpe element that
measures temperature adjacent to a full or partial circomference of the device. As noted
herein, the temperature detecting elements can be evenly spaced along the shaft.
Alternatively, the spacing of the elements can vary depending upon the imtended
application of the device. In addition, in most variations of the devices described herein,
the temperature detecting elements are located proximally to the heating element of the
device. However, addittonal vaniations include temperature detecting elements positioned
distal to or adjacent to the heating element. The components of the various temperature

detecting elements, such as wires, fibers, etc. are not tlustrated for purposes of clarity.
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Furthepmore, one or more temperature detecting elements can be positioned on sleeves that
move axially relative to the energy transfer portion.

{173]  FIGS. 43A 1o 43C illustrate a concept of using temperature sensing element to
guide a treatment whers the temperature sensing elements are placed away from the energy
transfer unit. FIG. 43A shows an examiple of a treatment device 800 having energy transfer
portion 802 at a distal portion of a shaft 804, As discussed above, one effective variation
ot a device includes the use of RF energy configuration, either monopolar or bi-polar, that
serves as the energy transfer portion. However, any number of energy transfer modes can
be emploved i the methods, svsterns and devices described herein where such modahities
produced heated tissue. Such modalities can inclade, but are not lmited to, resistive
heating, radiant heating, coherent light, microwave, and chemical. In yet another variation,
the devices can use radivcactive energy modalities as well. Alternatively, variations of
devices employing temperature based detection can employ cryosurgical energy
configurations that rely upon the application of extreme cold treat tissue. Cleatly, in such
cases the methods, devices, and systems would monitor regions of cooled tissue rather than
heated tissue.

{0174] Turning back to FIG. 434, the treatment device 800 mmcludes at least a first
temperature detecting element 806 located axially relative to an energy transfer element
802. In some variations, the energy transfer element 806 is located proximally along an
axis of the shaft from thee energy transfer unit 802, However, as described ghove,
variations of the devices include placement of the temperature detecting elements as
needed. FIG. 44A also shows a second temperature detecting element 808 located
proximally to the first temperature detecting element 806, Agam, the methods and
procedures described herein can employ any number of temperature detecting elements.
{0175] The devices and methods also optionally include conveying temperature
information on a controller 830, Variations of the controller 830 allow for display or
convevance of temperature information specific to each temperature detecting element.

For example, in the variation shown in FIG. 434, the first temperature detecting element
can be coupled to display 832 while the second temperature detecting element 808 can be
coupled to display 834, The controller can also optionally allow a physician to set
temperature Himits based on readings from each temperature sensing element. In such a
case, if a measured temperature at a respective temperature sensing element exceeds the
temperature hmit, the system can end delivery of the energy or provide any other auditory

or visual alert. The control unit 830 can be separate from a power supply or can be
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integrated into the power supply. Additional variations also include a control wmt that can
be ftegrated into a handle or other portion of the device 800,

{176]  In a first vanation, a physician can position the distal end of the shaft 804
comtaining the energy transfer element 802 within a tumor 12, Clearly, the methods and
procedures are not lunited 1o treatment of a tumor. Instead, the device can be positioned in
any target region that a physician seeks to treat. Once the device 800 and energy transfer
element 802 are properly positioned, the physician can begin 1o apply energy to the energy
transfer portion 1o cause an effect {as shown by arrows 14) in tissue that produces a region
of affected tissue, e.g., a temperature of the tissue increases or decreases (as described
above based on the energy modality used). For convenience, the method shall be discussed
with respect to an area of heated tissne. Clearly, alternate variations of the device involve
regions of cooled tissue.

{01771 FIG. 438 illustrates continued application of energy, which results in expansion
of the region of heated tissue 16, The continued application of energy can occur
intermittently or continuously. Axs the physician operates the device 800, the temperature
detecting elements 806, 808 can monttor temperature of adjacent tissue. FIG. 4413 depicts
the region of heated tissue 16 as not having vet reached the first or second temperature
sensing element 806, 808, The temperature measurements can occur mtermittently,
continuously, during application of energy, or in between intermittent applications of
energy. Likewise, the teraperatare information 832, 834 can optionally be relayed to the
controtier 830,

10178] FIG. 43C shows the heated region of tissue 16 expanded sutficiently such that ¢t
encompasses the desired region of tissue 12 or tumor. FIG. 27 also depicts the heated
region of tissue 16 gs betng easily visually identified. However, durtug an actoal treatment,
the physician simply cannet observe the actual penimeter of the zone of heated tissue 16
Instead, the temperature detecting elements 806, 808 will be able to detect the heated
region of tissue 16 as the temperature of the tissue adjacent to the temperature detecting
glements 806, 808 rises.

{6179]  The temperature measured by the temperatwre detecting elements 806, 808 can
also provide the physician with the ability to momitor the progression of the region of
heated tissue 16, For instance, the volume, length, area, or other characteristic of the
region of heated tissue can be approximated by obtaining a temperature that is associated
with the perimeter of the region.  Analytic correlation of this associated temperature 1o the

physical characteristic of the heated tissue can be determined from bench testing, animal
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testing, cadaver testing, and/or computer analyvsis. Such analvtic correlation allows the
volume of an area of heated tissue to be approximated based on the temperature of the
outer perimeter of that region. In the illustrated example of FIG. 43C, there exists a pre-
determined temperature associated with an area of heated tissue having known dimension.
Once the measured temperature at temperature detecting element 808 reaches this
associated temperature, the physician can stop the treatment. Alernatively, or in addition,
the system or controller 830 can include safety algorithms 1o avtomatically warn the
physician to cease treatment or even to perform a safety shutoff of the system if a given
temperature 1§ reached or if the teraperature remains constant while power is apphed to the
electrode.

{0186] In additional varations, the monitoring of the size or profile of the region of
heated tissue can be used to control the application of applied energy. For example, as the
measured temperature approaches the associated temperature, the controller can reduce
power to prevent any lags in measurement from overshooting the target ireatment zone.
{0181] The variation described above in FIGS. 43 A to 43C can also be used to position
the device (1) relative to a desired target region 12, For example, the temperature
detecting elements 806, 808, can be radiopaque (or can have radiopaque markers) so that a
physician can place the appropriate temiperature detecting element in a target area or at a
perimeter of the target area. In the example shown in FIG. 434, a physician could position
the second temperature detecting element 308 just outside of a tumor or gs otherwise
desired. Once the measured temperature reaches the associated temperature the physician
can stop application of energy and reposition the device as needed or stop treatment.
j0182] E.g. A physician may choose to use S0C or 35C as a target temperature for a
spectfic teruperature detecting element based on pre-planning. Ouce that temperature
reaches the desired level; e.g. 30C or 35C then the physician may stop delivering any
further energy to the tissue by turning off energy delivery. In another embodiment,
controller will have an algovithm where a physician inputs the desired temperature for a
specific temperature detecting element and controller will apply energy. Energy delivery
will stop once the desired temperature is achieved. Further enhancerent to the controller
may also allow physician with an ability to set desired amount of time associated with each
target temperature where controller will maintain energy level sufficient 1o control the
temperature for desired amownt of time and then turn off the energy delivery.

{0183] FIG. 43 A also depicts a variation of the device as having vistble markers 814,

8§16, and 818 located on a shaft. The markers can be used to assist the physician m
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positioning of the energy transfer elements and/or temperature detecting elements. For
exanple, 1 the Hustrated varation, the device can be used with an introducer cannula ot a
known size so that marker 814 mforms the physician that the distal tip or energy transfer
element is positioned at the opening of the cannula. Likewise, markers 816 and 818 can
inform the physician that energy transfer elements 806 and 808 are respectively located at
the opening of the cannula.

{0184]  Although particular embodiments of the present invention have been described
above 1o detail, it will be understood that this description is merely for purposes of
iltastration and the above description of the invention is not exhaostive. Specific features
of the inveation are shown in some drawings amd not in others, and this is for conventence
only and any feature may be combined with another in accordance with the invention. A
member of variations and alternatives will be apparent to one having ordinary skills in the
art, Such alternatives and variations are intended to be included within the scope of the
claimms. Particular features that are presented in dependent claims can be combined and fall
within the scope of the invention. The invention also encompasses embodiments as if
dependent claims were alternatively written in a muitiple dependent claim format with
reference to other independent claims.

j0185] Although particular embodiments of the present invention have been described
above i detail, it will be understood that this description is merely for purposes of
Hlustration and the above description of the mvention 1s not exhaustive. Specific features
of the mvention are shown in some drawings and not in others, and this is for convenience
onlv and any feature may be combined with another in accordance with the invention. A
number of variations and alternatives will be apparent to one having ordinary skills in the
art. Such alternatives and variations are mtended 1o be included within the scope of the
claims. Particular features that are presented i dependent claims can be combined and fall
within the scope of the invention. The vention also encompasses embodiments as if
dependent claims were alternatively written in a muduple dependent claim format with

reference to other independent claims.

38



WO 2016/183178 PCT/US2016/031822

CLAIMS

I A medical device comprising:

a handle including an actusior member;

a shaft extending from the handie and having a deflectable section that is moveable
between a linear configuration and an articulated configuration upon application of an
axial compression to the shatt upon movement of the actuator member; and

where the shaft comprises at feast a first sleeve having a plurality of first keved
slots, where the first keyed slot comprises a fivst edge that forms a first keved portion
and second adge that forms a first key receiving portion, where the where in the lingar
configuration the first keved portion is separated from the first key receiving portion by
a gap and upon assuming the articulated configuration the first keved portion engages
the first kev receiving portion to nest together and increase a resistance 1o twisting
deformation of the shaft, and where the first keyed portion and the first key recetving
portion each comprises a first taper angle allowing the first keved portion to nest

together with the first key recetving portion formmng a contiguous surface.

2. The medical device of claim 1, the keyed slots comprise a plurality of proxamal

keved slots each having a depth that varies from an adjacent proximal keyed slots.

3

3. The medical device of claim 1, where the shaft further comprises a second tube
having a plurabity of second slots and a plurality of second tabs shidably received in
each of the second slots and located on a second side of the second tube opposite to the
first side of the first tube;

wherein movement of the actuation member causes compression of the first and the
second tubes such that the first slots engage the first tabs and the second sltots engage
the second tabs to cause the deflectable section to assume the articolated configuration

and to mceregse torsional resistance of the deflectable section.

4. The medical device of claim 3, where the plurality of second slots and the plurality
of second tabs each includes a second taper angle allowing the second keyed portion to
nest together with the second key receiving portion formmg a second contiguous

surface.
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5. The medical device of clamn 1, further comprising a sharp tip located at a distal up
of the working end, the sharp tip adapted to penetrate hard tissue and a point of the
sharp tip is offset to engage hard tissue when advanced therem to assist in deflecting

the working end.

6. The medical device of ¢laim 1, where the articulated configuration 1s hnuted to a

single plane.

7. The medical device of claim |, where the first keyed slots are laser cut into a

continuous structure.

8. The medical device of claim 1, where the taper angle varies between at least two of

the phurality of tirst keyed slots and first keved recetving portion.

9. The medical device of claum 1, further compnising a torque Inmter having a torque
threshold and rotatably coupling the first sleeve to the handle, where application of a
torque exceeding the torgue threshold causes rotation of the torque limiter relative to

the handle 1o votate the first sleeve.

10, The medical device of claim 9, where the torque limiter comprises a plurality of

resistance surfaces that ave deflected upon application of a rotatiogal force to the shaft.

11, The medical device of clamn 1, further comprising a first conductive portion on the
shafi electrically coupleable to a first pole of a power supply and a second conductive

element coupled to the shaft being coupled to a second potle of the power supply.

12, The medical device of claim 11, where the second conductive element comprises an

extendable element extendible from the shali, where the extendable element.

13. A medical device for treating a region of tssue by mechanically displacing the
tissue, the medical device comprising:

a handle including an actuator member;

a shaft extending from the handle and having a deflectable section that is moveable
between a lnear configuration and an articulated configuration that can compress tissue
as the shaft is moved in a hnear divection, the shaft comprising a plurahty of lavers
mchnding at least a first layer and a second layer, the second laver being shidable

relative to the first laver;
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the first layer located adjacent to a first side of the shaft and having a plurality of
first recesses each forming a Hirst stot with a first tab focated therein, the first slot and
first tab have a first taper causing an opening of the first slot to be wader than an end the
first tab;

the second layer located adjacent to a second side of the shafl, the second side of
the shaft being radially opposite to the first side of the shaft, the second layer having a
plurality of second recess each forming a second slot with a second tab located therein;

where in the linear configuration the first slot and first tab have a first clearance gap
and the second slot and second tab have a second clearance gap, wherein movement of
the actuation member causes compression of the shaft such that the first slot engages
the first tab and the second slots engages the second tab to reduce the fivst clearance
gap and second clearance gap causing movement of the deflectable section towards the
articulated confignration and whereby reducing of the first clearance gap and second

clearance gap increase forstonal resistance of the deflectable section.

14, A method of displacing tissue 10 a body comprising:

providing a device with an axially-extending shaft having an articulating working
end, wherein the working end comprises at least a first sleeve having a plurality of
slots, where a first edge of each of the plurality of slots forms a keyed portion, and
where a second edge of each of the plurality of slots forms a key recetving portion,
where the keved portion and key receiving portion comprise a tapered angle and where
a surface cucomlerentially opposite {o the plurality of stots is continuous each formed
mto 18 formed into arcuate shape;

nserting the working end into tissue; and

progressively articulating the working end through toward an mcereased curvatare
such that the tapered angle allows the kev receiving portion and the keyed portion to
form a contiguous sarface and causing articulation of the articulating working end;

rotating the articulating working when articulated to displace adjacent cancellous

bone,

15, The method of ¢latm 14, where progressively articulating the working end
comprises closing a space between each of the plurality of slots sequentially from a

distal most slot 1o a proximal most slot.
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16, The methed of clamm 15, where at least one of the plurality of slots comprises a key
portion and a mating key receiving portion, where closing the space between cach of
the plurality of slots comprises closing the space between the slot to move the key
portion and key recetving portion together to prevent torsional movement of the sleeve

when articulating.

17. The method of clatm 16, where each of the plurality of slots comprises the key
portion and the mating kev receiving portion, where progressively articulating the
working end causes each key portion and key receiving portion to move together to

prevent torsional movement of the sleeve.
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