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(57) ABSTRACT 

Methods and apparatus for treating bones, including, in one 
or more embodiments, methods and apparatus for treatment 
of vertebral fractures that include a containment assembly for 
cement containment and/or a balloon assembly for maintain 
ing vertebral height. A containment assembly comprising a 
containmentjacket adapted to be deployed inside bone; and a 
dividing wall that separates the interior of the containment 
jacket into a proximal region and a distal region, the dividing 
wall having an opening for providing access to the distal 
region from the proximal region. 
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FIG 11 

  

  



Patent Application Publication Jan. 19, 2012 Sheet 9 of 48 US 2012/0016371 A1 

&   



US 2012/0016371 A1 Jan. 19, 2012 Sheet 10 of 48 Patent Application Publication 

b) = <!-- - - - - - - --1 \ 

§ 
No.toj 

  

  

  

  



Patent Application Publication Jan. 19, 2012 Sheet 11 of 48 US 2012/0016371 A1 

'''''''' y 
. . . . . . 

, , , , , , , , , , , 
''''''''''' 

II, III, 
W ! Y''''''''W 

  

  

    

    

    

    

  



US 2012/0016371 A1 Jan. 19, 2012 Sheet 12 of 48 Patent Application Publication 

8 | | 

  





US 2012/0016371 A1 Jan. 19, 2012 Sheet 14 of 48 Patent Application Publication 

  



US 2012/0016371 A1 Jan. 19, 2012 Sheet 15 of 48 Patent Application Publication 

(HHHHHH   

  



Patent Application Publication Jan. 19, 2012 Sheet 16 of 48 US 2012/0016371 A1 

  

  



Patent Application Publication Jan. 19, 2012 Sheet 17 of 48 US 2012/0016371 A1 

/ s 142 ce 

N-1 
FIG. 26 

FIG. 27 

  



Patent Application Publication Jan. 19, 2012 Sheet 18 of 48 US 2012/0016371 A1 

142 

154 
152 

156-N/Y 

158 
FIG. 30 

  



US 2012/0016371 A1 Jan. 19, 2012 Sheet 19 of 48 Patent Application Publication 

  



Patent Application Publication Jan. 19, 2012 Sheet 20 of 48 US 2012/0016371 A1 

  



Patent Application Publication Jan. 19, 2012 Sheet 21 of 48 US 2012/0016371 A1 

FIG. 35 
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METHODS AND APPARATUS FOR 
TREATING VERTEBRAIL FRACTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation in part of 
co-pending U.S. application Ser. No. 127823,622, entitled 
“Methods and Apparatus for Treating Vertebral Fractures.” 
filed on Jun. 25, 2010, which is a continuation in part of 
co-pending U.S. application Ser. No. 12/632.325, entitled 
“Methods and Apparatus for Treating Vertebral Fractures.” 
filed on Dec. 7, 2009, the disclosures of which are incorpo 
rated herein by reference. The present application claims 
priority to Provisional Application No. 61/383.243, entitled 
“A Method for Manufacturing a Barrier Device.” filed on Sep. 
15, 2010, and Provisional Application No. 61/383,235, 
entitled “A Method For Manufacturing A Containment 
Device.” filed on Sep. 15, 2010, the disclosures of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present disclosure generally relates to treatment 
of bones. In particular, in one or more embodiments, the 
present disclosure relates to methods and apparatus for treat 
ment of vertebral fractures that include a containment assem 
bly for cement containment and/or a balloon assembly for 
maintaining vertebral height. 

BACKGROUND 

0003 Bones and bony structures are susceptible to a vari 
ety of weaknesses that can affect their ability to provide 
Support and structure. Weaknesses in bony structures may 
have many causes, including degenerative diseases, tumors, 
fractures, and dislocations. By way of example, weaknesses 
invertebrae can lead to compression fractures that involve the 
collapse of one or more vertebrae in the spine. These vertebral 
compression fractures may be caused by a number of condi 
tions including osteoporosis, trauma, and tumors. Advances 
in medicine and engineering have provided doctors with a 
plurality of devices and techniques for alleviating or curing 
these weaknesses. 
0004 One technique for treating vertebral fractures is ver 
tebroplasty. In Vertebroplasty, a physician may use a needle to 
inject bone cement into a fractured vertebral body to stabilize 
the fracture. Kyphoplasty is another technique for treating 
vertebra fractures that involves insertion of a balloon into the 
fractured vertebra to restore the height of the vertebra. The 
balloon may then be removed followed by injection of bone 
cement into the vertebral body to stabilize the fracture. Leak 
age of the bone cement in both vertebroplasty and kyphop 
lasty is a common problem that can lead to complications. 
Another problem associated with these techniques is the 
potential for inadequate height restoration to the fractured 
vertebral body. 
0005 Thus, there is a need for methods and apparatus that 
can provide stabilization to a fractured vertebra. 

SUMMARY 

0006. The present disclosure generally relates to treatment 
of bones. In particular, in one or more embodiments, the 
present disclosure relates to methods and apparatus for treat 
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ment of vertebral fractures that include a containment assem 
bly for cement containment and/or a balloon assembly for 
maintaining vertebral height. 
0007 An embodiment of the present invention provides a 
containment assembly for treating bone, the containment 
assembly comprising: a containment jacket adapted to be 
deployed inside bone; and a dividing wall that separates the 
interior of the containment jacket into a proximal region and 
a distal region, the dividing wall having an opening for pro 
viding access to the distal region from the proximal region. 
0008. The features and advantages of the present invention 
will be readily apparent to those skilled in the art. While 
numerous changes may be made by those skilled in the art, 
Such changes are within the spirit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. These drawings illustrate certain aspects of the 
present invention and should not be used to limit or define the 
invention. 
0010 FIG. 1 illustrates a cannula inserted into a vertebral 
body in accordance with one embodiment of the present 
invention. 
0011 FIG. 2 illustrates a cannula assembly having a 
tapered cannula in accordance with one embodiment of the 
present invention. 
0012 FIG. 3 illustrates a needle assembly in accordance 
with one embodiment of the present invention. 
0013 FIG. 4 illustrates a needle assembly having a guide 
wire disposed therethrough in accordance with one embodi 
ment of the present invention. 
0014 FIG. 5 illustrates a cannula assembly disposed over 
a guide wire and having a drill-tip stylet in accordance with 
one embodiment of the present invention. 
(0015 FIG. 6 illustrates insertion of a drill through the 
cannula assembly to create a channel in a vertebral body in 
accordance with one embodiment of the present invention. 
0016 FIG. 7 illustrates insertion of a balloon into a verte 
bral body for cavity creation in accordance with one embodi 
ment of the present invention. 
0017 FIG. 8 illustrates a cavity that has been created in a 
vertebral body in accordance with one embodiment of the 
present invention. 
0018 FIG. 9 illustrates creation of a cavity using a 
mechanical device in accordance with one embodiment of the 
present invention. 
0019 FIG. 10 illustrates a mechanical device that can be 
used to create a cavity in a vertebral body in accordance with 
one embodiment of the present invention. 
0020 FIG. 11 illustrates a mechanical device having a 
single-arm cutting mechanism that can be used to create a 
cavity in a vertebral body in accordance with one embodi 
ment of the present invention. 
0021 FIG. 12 illustrates a mechanical device having a 
double-arm cutting mechanism that can be used to create a 
cavity in a vertebral body in accordance with one embodi 
ment of the present invention. 
0022 FIG. 13 illustrates a containment assembly with a 
containment jacket in a wrapped/deflated State in accordance 
with one embodiment of the present invention. 
0023 FIG. 14 illustrates a containment jacket disposed in 
a vertebral body in accordance with one embodiment of the 
present invention. 
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0024 FIGS. 15-16 illustrate removal of fluid from a con 
tainmentjacket placed in a vertebral body in accordance with 
embodiments of the present invention. 
0025 FIG. 17 illustrates use of a syringe-type device to 
introduce filler material into a containment jacket placed in a 
vertebral body in accordance with one embodiment of the 
present invention. 
0026 FIG. 18 illustrates use of a cement gun to introduce 

filler material into a containment jacket placed in a vertebral 
body in accordance with one embodiment of the present 
invention. 

0027 FIG. 19 illustrates use of a needle-type device to 
introduce filler material into a containment jacket placed in a 
vertebral body in accordance with one embodiment of the 
present invention. 
0028 FIG. 20 illustrates insertion of a balloon into a con 
tainmentjacket placed in a vertebral body in accordance with 
one embodiment of the present invention. 
0029 FIG. 21 illustrates inflation of a balloon in a con 
tainment jacket placed within a vertebral body in accordance 
with one embodiment of the present invention. 
0030 FIG. 22 illustrates introduction of a filler material 
into a vertebral body while using a balloon in accordance with 
one embodiment of the present invention. 
0031 FIG. 23 illustrates reinforcement of an inner lumen 
of a balloon assembly inaccordance with one embodiment of 
the present invention. 
0032 FIGS. 24-28 illustrate isolation of the balloon from 
the filler material in accordance with embodiments of the 
present invention. 
0033 FIGS. 29-30 illustration a containmentjacket with a 
dividing wall for isolation of a balloon from filler material in 
accordance with one embodiment of the present invention. 
0034 FIGS. 64-65 illustrate isolation of the balloon from 
the filler material in accordance with embodiments of the 
present invention. 
0035 FIG. 31 illustrates a containment jacket placed 
within a vertebral body that has been partially filled in accor 
dance with one embodiment of the present invention. 
0036 FIG. 32 illustrates introduction of filler material to 

fill the remainder of a containment jacket placed within a 
vertebral body in accordance with one embodiment of the 
present invention. 
0037 FIG. 33 illustrates detachment of the containment 
jacket from a containment assembly in accordance with one 
embodiment of the present invention. 
0038 FIG. 34 illustrates a containment jacket placed 
within a vertebral body, the containment jacket containing a 
filler material, in accordance with one embodiment of the 
present invention. 
0039 FIGS. 35-38 illustrate treatment of a vertebral frac 
ture in accordance with another embodiment of the present 
technique. 
0040 FIGS. 39-42 illustrate a bi-pedicular technique for 
treating a vertebral fracture in accordance with one embodi 
ment of the present invention. 
0041 FIGS. 43-45 illustrate a bi-pedicular technique for 
treating a vertebral fracture in accordance with another 
embodiment of the present invention. 
0042 FIGS. 46-49 illustrate a bi-pedicular technique for 
treating a vertebral fracture in accordance with yet another 
embodiment of the present invention. 
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0043 FIGS. 50-53 illustrate a bi-pedicular technique for 
treating a vertebral fracture in accordance with yet another 
embodiment of the present invention. 
0044 FIGS. 54-59 illustrate a comparison a balloons with 
symmetric inflation and asymmetric inflation in accordance 
with embodiments of the present invention. 
004.5 FIGS. 60-64 illustrate a balloon with asymmetric 
inflation in accordance with one embodiment of the present 
invention. 
0046 FIGS. 65-66 illustrate an axially constrained bal 
loon in accordance with one embodiment of the present 
invention. 
0047 FIG. 67 illustrates an axially constrained balloon in 
accordance with another embodiment of the present inven 
tion. 
0048 FIGS. 68-72 illustrate techniques for manufacturing 
a containment jacket with a dividing wall in accordance with 
one embodiment of the present invention. 
0049 FIGS. 73-75 illustrate a technique for using a bal 
loon with a dividing wall in a vertebral body in accordance 
with one embodiment of the present invention. 
0050 FIGS. 76-82 illustrate techniques for coupling a 
containmentjacket to a tube in accordance with embodiments 
of the preset invention. 
0051 FIGS. 83-84 a containment assembly in accordance 
with another embodiment of the present invention. 
0.052 FIGS. 85-86 illustrate a containmentjacket in accor 
dance with one embodiment of the present invention. 
0053 FIGS. 87-88 illustrate a containment assembly in 
accordance with another embodiment of the present inven 
tion. 
0054 FIG. 89 illustrates an obturator that can be used for 
insertion of a containment jacket in accordance with one 
embodiment of the present invention. 
0055 FIG. 90 illustrates insertion of the obturator of FIG. 
89 into a containmentjacket in accordance with one embodi 
ment of the present invention. 
0056 FIGS. 91-95 illustrate various techniques for manu 
facture of containment jackets in accordance with embodi 
ments of the present invention. 
0057 FIG.96 illustrates a containmentjacket with a radio 
paque marker in accordance with one embodiment of the 
present invention. 
0058 FIGS. 97-98 illustrate techniques for use of bone 
dust in a vertebral body in accordance with one embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Creation of Access Channel into a Vertebral Body 
0059 Embodiments of the present technique for treating 
Vertebral fractures may include creating an access channel 
into a vertebral body. In some embodiments, creating the 
access channel may include placement of a cannula into the 
vertebral body. FIG. 1 illustrates a cannula 2 that has been 
inserted into a vertebral body 4 to provide access to the 
vertebral body 4 in accordance with one embodiment of the 
present invention. As will be appreciated, the cannula 2 can be 
configured to allow passage of various instruments and mate 
rials into the vertebral body 4 in accordance with present 
embodiments. As illustrated, the cannula 2 may have a proxi 
mal end 6 and a distal end 8 extending into the vertebral body 
4. In the illustrated embodiment, a cannula hub 10 is disposed 
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on the proximal end 6 of the cannula 2. In an embodiment, the 
cannula 2 may be inserted into the vertebral body 4 through a 
pedicle 12. In an embodiment (not illustrated), the cannula 
assembly 2 is not inserted through the pedicle 12. While not 
illustrated, in an embodiment, the cannula 2 may be a trocar 
tipped cannula. By way of example, the cannula 2 may be a 
diamond, Scoop, bevel, trocar tipped cannula. 
0060 FIG. 2 illustrates a cannula assembly 14 that may be 
used for introduction of the cannula 2 into the vertebral body 
4 (e.g., FIG. 1), in accordance with one embodiment. As 
illustrated, the cannula assembly 14 includes cannula 2 hav 
ing a cannula hub 10 disposed on the proximal end 6. In the 
illustrated embodiment, the cannula assembly 14 further may 
include a stylet 16 removably disposed in the cannula 2. As 
illustrated, the stylet 16 may have a pointed end 18 that 
extends beyond the distal end 8 of the cannula 2. In an 
embodiment, the cannula assembly 14 may further comprise 
a handle 20 disposed at the proximal end 6 of the cannula 2. 
0061. With reference now to FIGS. 1 and 2, to place the 
cannula 2 into the vertebral body 4, the physician may make 
an incision in the patient's back (not illustrated), for example. 
The distal end 8 of the cannula 2 may be inserted into the 
incision. The physician may then apply longitudinal force to 
the cannula assembly 14 while rotating the handle 20 to 
advance the cannula 2 through the patient's tissue and into the 
vertebral body 4. In other embodiments, the handle 20 may 
use other mechanisms to advance the cannula 2 through the 
patient's tissue. Such as a ratcheting system. Once the cannula 
2 has been inserted into the vertebral body 4, the stylet 16 and 
handle 20 may be removed, leaving the cannula 2 in the 
vertebral body 4, as shown in FIG. 2. In this manner, the 
cannula 2 may be inserted into the vertebral body 4, thus 
creating an access channel to the vertebral body 4. 
0062. While the cannula assembly 14 may be suited for 
creation of an access channel in all regions of the vertebral 
column, the cannula assembly 14 may be particularly Suited 
for access in the middle of the thoracic region and lower. If 
access is desired from the middle of the thoracic region and 
above, a device having a tapered cannula (not illustrated) may 
be used, in accordance with one embodiment. While the 
tapered cannula, it should be understood that the tapered 
cannula may also be used to create an access channel to 
vertebral bodies in all regions of the vertebral column. 
0063. While FIG. 1-2 describe use of a cannula assembly 
14 having a cannula 2 with a stylet 16 that is sharp and pointed 
disposed in the cannula 2 for creation of the access channel 
into the vertebral body 4, it should be understood that a 
variety of different devices and techniques may be used for 
creation of the access channel into the vertebral body 4 in 
accordance with embodiment of the present invention. Refer 
ring now to FIGS. 3-5, an alternative technique for creating an 
access channel into the vertebral body 4 (e.g., FIG. 1) is 
illustrated in accordance with one embodiment of the present 
invention. 

0064 FIG. 3 illustrates a needle assembly 22 that may be 
used increation of an access channel through a patient's tissue 
to a vertebral body 4 (e.g., FIG. 1) in accordance with an 
embodiment of the present invention. In the illustrated 
embodiment, the needle assembly 22 comprises a needle 24 
having a proximal end 26 and a distal end 28. The needle 
assembly 22 further may include a stylet 30 removably dis 
posed in the needle 24. As illustrated, the stylet 30 may have 
a pointed end 32 that extends beyond the distal end 28 of the 
needle 24. As illustrated, the needle assembly 22 may further 
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comprise a handle 34 disposed on the proximal end 26 of the 
needle 22. In an embodiment, the needle assembly 22 include 
a Jamshidi needle, such as a diamond, bevel-tipped Jamshidi 
needle. 

0065. The needle assembly 22 of FIG.3 may be inserted 
into the vertebral body 4 (e.g., FIG. 1) in a similar manner to 
the cannula assembly 14 of FIG. 2. By way of example, the 
distal end 28 of the needle 24 may be inserted into an incision 
in the patient's back (not illustrated). To advance the needle 
24 into the vertebral body 4, longitudinal force may then be 
applied to the needle assembly 24 while rotating the handle 
34. The stylet 30 and handle 34 may then be removed, leaving 
the needle 24. As illustrated by FIG. 4, a guide wire 36 (e.g., 
a k-wire) may be disposed through the needle 24 and into the 
vertebral body 4. With the guide wire 36 in place, the needle 
24 may be removed. 
0066. As illustrated by FIG. 5, after removal of the needle 
24, a cannula 14 may be inserted over the guide wire 36 and 
into the vertebral body 4 (e.g., FIG. 1). In the illustrated 
embodiment, the cannula assembly 14 includes a cannula 2 
having a handle 20 disposed on the proximal end 6. In an 
embodiment, a stylet 16 having a drill-shaped end 38 may be 
disposed in the cannula 2. As illustrated, the drill-shaped end 
38 of the stylet 16 may extend out from the distal end 8 of the 
cannula 2. While not illustrated, the stylet 16 may have a 
conically shaped end in an alternative embodiment. To 
advance the cannula assembly 14 over the guide wire 36 and 
through the patient's tissue (not illustrated), the physician 
may apply longitudinal force to the cannula assembly 14 
while rotating the handle 20. Once the cannula 2 has been 
inserted into the vertebral body 4, the stylet 16, handle 20, and 
guide wire 36 may be removed, leaving the cannula 2 in the 
vertebral body 4. 
0067 Embodiments of the present technique may include 
a gripping feature (not illustrated) at the distal end 8 of the 
cannula 2 that can, for example, thread into bone (e.g., pedicle 
12) during insertion there through. In this manner, movement 
and/or slippage of the cannula 2 can be reduced or even 
prevented. Non-limiting examples of gripping features that 
can be used include knurling or threading. In alternative 
embodiments, the gripping feature may be created by grit 
blasting or laser ablating a portion of the distal end 8 of the 
cannula 2. 

0068 While not illustrated, embodiments of the present 
technique may also include flaring or tapering at the distalend 
8 of the cannula 2. The flaring/tapering may, for example, 
facilitate withdrawal of balloon(s) from the cannula 2. For 
example, folding of a balloon 58 (e.g., FIG. 7) during with 
drawal may be improved with the flaring/tapering at the distal 
end 8. 

0069. Referring now to FIG. 6, creating an access channel 
into the vertebral body 4 may further include using drill 40 to 
advance further into the vertebral body 4. In the illustrated 
embodiment, the drill 40 comprises a shaft 42 having a bit 44 
disposed at one end thereof. A handle 46 may be disposed on 
the other end of the shaft 42. As illustrated by FIG. 6, the drill 
40 may be used to create a channel 48 in the vertebral body 4. 
By way of example, the physician may insert the drill 40 
through the cannula 2 until the bit 44 contacts bone (e.g., 
cancellous bone) within the vertebral body 4. The channel 48 
in the vertebral body 4 may then be created by application of 
longitudinal forces to the drill 40 while rotating the handle 46. 
The drill 40 may then be removed from the cannula 2 with the 
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cannula 2 remaining in place providing access to the channel 
48 within the vertebral body 4. 

Creation of a Cavity in the Vertebral Body 
0070 Embodiments of the present technique for treating 
vertebral fractures may further include creating a cavity in the 
vertebral body 4. Any of a variety of different techniques may 
be used for creation of the cavity in the vertebral body 4. 
FIGS. 7 and 8 illustrate creation of a cavity 66 in vertebral 
body 4 with a balloon assembly 50 in accordance with one 
embodiment of the present invention. As illustrated, cannula 
2 has been inserted into the vertebral body 4 with the cannula 
2 providing access into the vertebral body 4. With reference 
now to FIG. 7, to create the cavity, balloon assembly 50 may 
be inserted into the previously created channel 48 (e.g., FIG. 
6) in the vertebral body 4 through the cannula 2. In certain 
embodiments, the balloon assembly 50 may be an inflatable 
bone tamp. In the illustrated embodiment, the balloon assem 
bly 50 includes a catheter 51. As illustrated, an inner lumen 52 
may be disposed within the catheter. The catheter 51 may 
have a proximal end 54 and a distal end 56. A balloon 58 may 
be attached to the distal end 56 of the catheter 51. While FIG. 
7 illustrates the balloon 58 in an expanded configuration, it 
should be understood that the balloon 58 should be inserted 
into the vertebral body 4 in a deflated state. The balloon 58 
used to create the cavity may include any of a variety of 
different balloons suitable for use in medical procedures. 
Examples of suitable balloons include those commonly used 
in kyphoplasty, including those comprising plastics, compos 
itematerials, polyethylene, rubber, polyurethane, or any other 
suitable material. As illustrated, the inner lumen 52 may have 
an exit port 60 at its distal end 56, for example, that extends 
beyond the balloon 58. 
(0071. As illustrated by FIG. 7, the balloon 58 may be 
inflated, for example, to compact the cancellous bone 62 in 
the interior portion of the vertebral body 4 enlarging the 
channel 48 (e.g., FIG. 6) to create a cavity 66 (e.g., FIG. 8) 
within the vertebral body 4. In addition to creation of the 
cavity 66, the balloon 58 may also, for example, force apart 
the compact bone 64, restoring height to the vertebral body 4. 
After cavity creation, the balloon 58 may be deflated and 
removed from the vertebral body 4. As best seen in FIG. 8, 
cavity 66 should remain in vertebral body 4 after removal of 
the balloon 58. 
0072. While FIGS. 7-8 illustrate the use of the balloon 
assembly 50 for creation of the cavity 66 in the vertebral body 
4, those of ordinary skill in the art will appreciate that other 
Suitable techniques may also be used for creation of the cavity 
66. By way of example, an expandable jack or other suitable 
mechanical device may be used to create the cavity in the 
vertebral body 4. FIG. 9 illustrates use of a mechanical device 
68 for creation of cavity 66 in the vertebral body 4 in accor 
dance with one embodiment of the present invention. In the 
illustrated embodiment, the mechanical device 68 includes an 
outer sleeve 70 that has been inserted into the cannula 2 with 
one end of the outer sleeve 70 extending beyond the cannula 
2 and into the vertebral body 4. As illustrated, the mechanical 
device 68 further includes a curved tip 72 that extends from 
the outer sleeve 70. In one embodiment, the curved tip 72 can 
have sharp edges, for example, for cutting through cancellous 
bone. The curved tip 72 may be manipulated within the ver 
tebral body 4 to create the cavity 66. While not illustrated, the 
mechanical device 68 has an initial position for insertion 
through the cannula 2. In the initial position, the curved tip. 72 
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is in a retracted state so that it is disposed within the outer 
sleeve 70 or does not extend too far beyond the outer sleeve 
70. At a desired time, the curved tip 72 can then be extended 
from the outer sleeve 70. 
0073 FIG. 10 illustrates one embodiment of a mechanical 
device 68 that may be used to create the cavity 66 (e.g., FIG. 
9) in accordance with one embodiment of the present inven 
tion. In the illustrated embodiment, the mechanical device 68 
includes an outer sleeve 70 having an inner shaft 74 disposed 
therein. As illustrated, the innershaft 74 may have a curved tip 
72 at its distal end. In one embodiment, the curved tip. 72 
comprises initinol or other Suitable memory alloy. In some 
embodiments, the curved tip 72 can be extended to extend 
through an opening 76 at the distal end 78 of the outer sleeve 
T0. 
0074 FIG. 11 illustrates another embodiment of a 
mechanical device 68that may be used to create the cavity 66 
(e.g., FIG. 9) in accordance with one embodiment of the 
present invention. In the illustrated embodiment, the 
mechanical device 68 includes a shaft 80 having a handle 
assembly 82 at one end and a single-arm cutting mechanism 
84 at its other end. Alternatively, as illustrated by FIG. 12, the 
mechanical device 68 may include a double-arm cutting 
mechanism 86 at its distal end 87. 
0075 Accordingly, embodiments of the present invention 
may include creation of cavity 66 in the vertebral body 4, as 
illustrate by FIG. 7. As previously discussed, the cavity 66 
may be formed using any of a variety of different technique, 
including, for example, using an inflatable balloon, a 
mechanical device, or a combination of both. As illustrated, 
the cannula 2 should extend into the cavity 66, providing 
access to the cavity 66. While not illustrated, embodiments of 
the present invention further may include coating the wall of 
the cavity 66 with a bone growing agent. 

Treatment of Vertebral Body 
0076. In accordance with embodiments of the present 
invention, a filler material may be introduced into the cavity 
66, for example, to stabilize a fracture in the vertebral body 4. 
However, prior to insertion of the filler material, embodi 
ments of the present technique further may include inserting 
a containment jacket into the cavity 66 in the vertebral body 
4. The containment jacket may be employed to contain the 
filler material (e.g., cement) introduced into the cavity 66, for 
example, to prevent undesirable leakage. In this manner, 
problems associated with leakage of the filler material from 
the cavity 66 may be reduced. 
(0077 FIG. 13 illustrates a containment assembly 88 hav 
ing a containment jacket 90 that may be inserted into the 
cavity 66 (e.g., FIG.7) in accordance with one embodiment of 
the present invention. As illustrated, the containment assem 
bly 88 comprises a tubular member 92 (e.g., a cannula) having 
a proximal end 94 and a distal end96. The tubular member 92 
may be configured to allow passage of various instruments 
and materials into a vertebral body. The containment jacket 
90 may be disposed on the distalend96 of the tubular member 
92. In the illustrated embodiment, the containment jacket 90 
is in a deflated State. In an embodiment, the containment 
jacket 90 is impermeable, e.g., to the filler material. In some 
embodiments, the containmentjacket 90 may be non-expand 
able. For the purposes herein, the containment jacket 90 if it 
does not expand at pressures that will be typically encoun 
tered during the procedures described herein. More particu 
larly, the containment jacket 90 is considered to be non 
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expandable if the Volume contained by the containmentjacket 
90 expands by less than it’s nominal volume. 
0078. The containmentjacket 90 may be constructed from 
any of a variety of suitable materials, including, for example, 
polyethylenes, polyethylene terephthalate, polyurethanes, 
thermoplastic elastomers (e.g., PebaxR resins, Bionate R 
PCU, Texin RTPU, Carbothane(R) TPU, Pellethane(R) TPE, 
TecothaneRTPU, Elastathane(RTPU, ChronothaneRTPU, 
Estane(R) TPU), polyvinyl chloride, silicon, polyamides, 
polyesters (e.g., polycaprolactone, polylactic acid) and 
nylon. In one embodiment, the containment jacket 90 may 
include Bionate(R) 90A PCU. It should be understood that the 
containment jacket 90 may be constructed from a material 
that bioresorbable or non-resorbable material in certain 
embodiments. In some embodiments, the containmentjacket 
90 may have a wall thickness of less than about 20 millimeters 
and, alternatively, less than about 10 millimeters. In some 
embodiments, the containment jacket 90 may have a shore 
hardness of less than about 200 A, alternatively, less than 
about 100 A. In one particular embodiment, the containment 
jacket 90 may have a shore hardness of about 25 A to about 
100 A. 

0079. As illustrated, a hub 98 may be disposed on the 
proximal end 94 of the tubular member 92. The hub 98 may 
allow, for example, connection of the containment assembly 
88 to other devices that may be used in a medical procedure. 
A guide wire or obturator 100 (e.g., a K-wire) may be dis 
posed through the tubular member 92. As illustrated, the 
guide wire 100 may extend into the proximal end 94 of the 
tubular member 92 and out from the distal end 96 of the 
tubular member 92. In an embodiment, the containment 
jacket 90 is disposed on the portion of the guide wire 100 
extending from the distal end 96 of the tubular member 92. 
For example, the containment jacket 90 may be wrapped 
around the portion of the guide wire 100 extending through 
the distal end 96 of the tubular member 92. In this manner, the 
guide wire 100 may facilitate insertion of the containment 
jacket 90 through the cannula 2 (e.g., FIG.1). In the illustrated 
embodiment, a cap 102 is disposed on the end of the guide 
wire 100 extending from the proximal end 94 of the tubular 
member 92. 
0080. As illustrated by FIG. 14, the containmentjacket 90 
may be inserted through the cannula 2 and into the cavity 66 
within the vertebral body 4. In an embodiment (not illus 
trated), the containment jacket 90 may be in a wrapped/ 
deflated state when it is inserted into the cavity 66. After 
insertion, the containment jacket 90 may be unwrapped/in 
flated, as illustrated by FIG. 14. The containment jacket 90 
may be inserted by sliding the tubular member 92 with the 
containment jacket 90 disposed thereon through the cannula 
2 disposed in the vertebral body 4. In an embodiment, the hub 
98 on the containment assembly 88 may be coupled to the 
cannula hub 10 disposed on the cannula 2. As illustrated, the 
hub 98 of the containment assembly 88 may threadedly 
engage the cannula hub 10. Once the containment jacket 90 
has been placed, the guide wire 100 (e.g., FIG. 13) may be 
removed from the containment assembly 88, leaving the con 
tainment jacket 90 in place. The cap 102 (e.g., FIG. 13) may 
be used to facilitate removal of the guide wire 100. 
0081 Embodiments of the present technique for treating 
Vertebral fractures may further include removing fluid (e.g., 
air) from within the containment jacket 90 that has been 
placed into the vertebral body 4. Any of a variety of different 
techniques may be used to remove air from within the con 
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tainment jacket. In an embodiment, a syringe may be used 
remove the air. An example of a Suitable syringe includes a 
VacLokTM syringe. As illustrated by FIG. 15, a syringe 104 
may be coupled to the hub 98 of the containment assembly 88. 
The plunger 106 of the syringe 104 may then be withdrawn to 
create a partial vacuum so that air from within the contain 
ment jacket 90 flows into the syringe 104. Accordingly, the 
fluid in the containmentjacket 90 may be removed. To main 
tain the vacuum on the containment jacket 90, for example, a 
valve 108 (e.g., a one-way valve) may be included in the hub 
98, as illustrated by FIG.16. In an embodiment, the valve 108 
may hold at least about 30 psi of pressure. The valve 108 may 
be, for example, threaded into the hub 98. The syringe 104 
may then be used to create a partial vacuum to remove air 
from the containment jacket 90. FIG. 16 illustrates a contain 
ment jacket 90 in a deflated state from which the air has been 
removed. 

I0082. As previously mentioned, embodiments of the 
present invention may further include introduction of a filler 
material into the cavity 66. In an embodiment, the filler mate 
rial may be introduced directly into the containmentjacket 90 
that has been placed within the cavity 66. FIG. 17 illustrates 
introduction of a filler material 110 into the containment 
jacket 90 in accordance with one embodiment of the present 
invention. As illustrated, the filler material 110 may be intro 
duced into the containment jacket 90 using a Syringe-type 
device 112. As illustrated, plunger 114 of the syringe-type 
device 112 may be depressed to force filler material 110 from 
the body 116 of the syringe-type device 112, through the 
tubular member 92 of the containment assembly 88, and into 
the containmentjacket 90. In an embodiment, introduction of 
the filler material 110 into the containment jacket 90 should 
expand the containment jacket 90. In another embodiment, 
the containment jacket 90 does not expand. In some embodi 
ments, the filler material 110 may be introduced into the 
containmentjacket 90 until the containmentjacket 90 at least 
partially fills the cavity 66 in the vertebral body 4. In some 
embodiments, the filler material 110 may be introduced at 
low pressure. In alternative embodiments, the filler material 
110 should exert pressure to prevent (or reduce) loss of ver 
tebral height. As illustrated, the containment jacket 90 may 
generally conform to the shape of the cavity 66. It may be 
desirable, in certain embodiments, for the containmentjacket 
90 to be a compliant balloon (e.g., polyurethane, collagen, 
silicone) that can contain the filler material 110 to prevent 
leakage. In some embodiments, the containment jacket 90 
may permit interdigitation of the filler material 110 with the 
cancellous bone 62 while being contained within the contain 
ment jacket 90. 
I0083. While FIG. 17 illustrates use of syringe-type device 
112 for introduction of the filler material 110, it should be 
understood that other suitable devices may be used to intro 
duce the filler material 110 into containmentjacket 90 within 
the vertebral body 4. For example, FIG. 18 illustrates a 
cement gun 118 that can be used for the injection into the 
containment jacket 90. In the illustrated embodiment, exten 
sion tube 120 couples the cement gun 118 to the valve 108 in 
the hub 98. By way of further example, FIG. 19 illustrates a 
needle-type device 122 that may be used to introduce the filler 
material 110. As illustrated, the body 124 of the needle-type 
device 122 may comprise a hollow tube 126 having a through 
passageway and a stop 128 at one end. The needle-type device 
122 further may comprise a plunger 130 having a depression 
mechanism 132 and a needle 134 for insertion into the hollow 
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tube 126, thereby driving the filler material 110 from the 
hollow tube 126 and into the containment jacket 90. In an 
embodiment, the body 124 of the needle-type device 122 may 
be inserted into the tubular member 92 of the containment 
assembly 88. Plunger 130 may then be depressed to force the 
filler material 110 from the body 124 of the needle-type 
device 122 and into the containment jacket 90. 
0084. In addition to introducing the filler material 110 
directly into the containmentjacket 90 as illustrated by FIGS. 
17-19, alternative embodiments of the present invention may 
utilize a balloon assembly 50 while introducing the filler 
material 110 into the containment jacket 90. The balloon 
assembly 50 may be used, for example, to maintain and/or 
restore vertebral height while introducing the filler material 
110. 

I0085 FIG. 20 illustrates insertion of a balloon 58 through 
the cannula 2 and into a containment jacket 90 disposed 
within vertebral body 4 in accordance with one embodiment 
of the present invention. As previously discussed, embodi 
ments include insertion of cannula 2 into the vertebral body 4 
with the cannula 2 providing access into the vertebral body 4. 
As further discussed, embodiments also include insertion of 
the containment jacket 90 into the cavity 66 that was created 
in the vertebral body 4. In accordance with embodiments of 
the present invention, the balloon assembly 50 may be 
inserted into vertebral body 4. As illustrated, the balloon 58 
may be inserted into the containment jacket 90 through the 
tubular member 92 of the containment assembly 88. In an 
embodiment, the balloon 58 may be in a deflated stated when 
inserted through the tubular member 92. The balloon 58 may 
be inserted by sliding the catheter 51 with the balloon 58 
disposed thereon through the tubular member 92 of the con 
tainment assembly 88. Once the balloon 58 has been placed, 
the balloon assembly 50 may be coupled to the containment 
assembly 88. By way of example, cap 136 disposed on the 
catheter 51 of the balloon assembly 50 may thread onto a luer 
fitting 138 on the hub 98 of the containment assembly 88. In 
an alternative embodiment, the balloon assembly 50 may 
comprise luer cap (not illustrated) that may be configured to 
freely spin on catheter 51 of the balloon assembly 50, in 
certain embodiments. In an embodiment, the luer cap (not 
illustrated) may engage with the hub 98 of the containment 
assembly 88 to prevent movement of the balloon assembly 50 
with respect to the containment assembly 88. In this manner, 
the balloon 58 can be precisely positioned within the vertebral 
body 4, for example. 
I0086. After insertion of the balloon 58, fluid (e.g., air) may 
be removed from the containment jacket 90. The fluid may be 
removed, for example, in accordance with the previously 
discussed embodiments for removal of fluid from the contain 
ment jacket 90. 
0087 FIG. 21 illustrates inflation of balloon 58 after it has 
been inserted into the containment jacket 90 in accordance 
with one embodiment of the present invention. In general, 
inflation of the balloon 58 should provide pressure on the 
walls of the cavity 66 to prevent (or reduce) loss of vertebral 
height. It may be desirable, in certain embodiments, for 
expansion of the balloon 58 to further increase the height of 
the vertebral body 4. In certain embodiments, inflation of the 
balloon 58 may restore some vertebral height lost after the 
cavity 66 was initially created. As illustrated, the balloon 58 
generally may be enclosed within the containment jacket 90. 
The volume of the balloon 58, when inflated, generally may 
be smaller than the volume of the containment jacket 90, in 
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accordance with embodiments of the present invention. Fur 
thermore, when inflated, the balloon 58 generally may not 
occupy the entire volume of the containment jacket 90. By 
way of example, the balloon 58 may occupy from about 25% 
to about 90% by volume of the containment jacket 90. In one 
embodiment, the balloon 58 may occupy from about 25% to 
about 60% by volume of the containment jacket 90. 
0088 FIG.22 illustrates introduction of filler material 110 
into the containment jacket 90 while balloon 58 is inflated 
therein, in accordance with one embodiment of the present 
invention. As illustrated, the filler material 110 may be intro 
duced into the containmentjacket 90 through the inner lumen 
52 of the balloon assembly 50. While not illustrated by FIG. 
22, any of a variety of suitable devices may be used for 
introduction of the filler material 110, including the devices 
illustrated by FIGS. 17-19, for example. In general, the filler 
material 110 may be introduced into the portion of the con 
tainmentjacket 90 that is not occupied by the balloon58. In an 
embodiment, the filler material 110 may fill the portion of the 
containment jacket 90 that is not occupied by the balloon 58. 
The containment jacket 90 may expand with the introduction 
of the filler material 110. In another embodiment, the con 
tainment jacket 90 does not expand upon introduction of the 
filler material 110. The filler material 110 may then be 
allowed to cure in the containment jacket 90. In an embodi 
ment, the filler material 110 may exert pressure to prevent (or 
reduce) loss of vertebral height. It may be desirable, in certain 
embodiments, for the filler material 110 to exert pressure that 
further increases height of the vertebral body 4. As illustrated, 
the containmentjacket 90 may generally conform to the shape 
of the cavity 66. It may be desirable, in certain embodiments, 
for the containment jacket 90 to be a complaintballoon (e.g., 
polyurethane) that can contain the filler material 110 to pre 
vent leakage while permitting interdigitation of the filler 
material 110 with the cancellous bone 62. 

I0089. Those of ordinary skill in the art will appreciate that 
the inner lumen 52 of the balloon assembly 50 may be 
exposed to high pressures, in some embodiments, when the 
balloon 58 is inflated. This may be particularly true for the 
portion of the inner lumen 52 that extends into the balloon, as 
best seen on FIG. 22. Due to the high pressures, the inner 
lumen 52 may deform and even potentially collapsed during 
inflation. However, if the inner catheter is deformed, such 
deformation may undesirably interfere with introduction of 
the filler material 110 through the inner lumen 52. Accord 
ingly, to prevent collapse of the inner lumen 52, the inner 
lumen 52 may be reinforced in accordance with embodiments 
of the present invention. FIG. 23 illustrates an inner lumen 52 
that has been reinforced with a coil 140, for example, to 
reduce the tendency for the inner lumen 52 to undesirably 
deformat high pressures. In an embodiment, the coil 140 may 
be a metal coil. Such a stainless Steel coil. 
0090 Filler material 110 generally comes into contact 
with the balloon 58 when the filler material 110 is introduced 
into the containment jacket 90 in accordance with embodi 
ments of the present invention. For example, when the filler 
material 110 is introduced through the inner lumen 52 of the 
balloon assembly 50, the filler material 110 may accumulate, 
for example, on the distal face of the balloon 58. It should be 
understood that the balloon 58 may burst when it is under 
stress from inflation and comes into contact with the filler 
material 110. 

0091 Embodiments of the present invention may include 
a number of different techniques to reduce or potentially even 
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prevent the potential bursting of the balloon 58 when the filler 
material 110 is introduced. For example, properties of the 
balloon 58 may be modified to increase its resistance to the 
filler material 110. In an embodiment, the shore hardness of 
the balloon 58 may be increased. For example, the shore 
hardness may be increased from a range of about 80 A to 
about 90A to at least about 100 A (e.g., about 100 A to about 
120 A). In another embodiment, the wall thickness of the 
balloon 58 may be increased. The wall thickness may be 
increased, for example, from a range of about 0.1 mm to about 
0.15 mm to a range of about 0.175 mm to about 0.2 mm. An 
additional technique may include applying a protective bar 
rier (e.g., silicone, a hydrophobic material, Parylene poly(p- 
Xylylene) polymers, etc). Another technique may include 
cross-linking the balloon material, for example, via gamma 
sterilization. 

0092 Additional techniques may include isolating the 
balloon 58 from the filler material 110 introduced into the 
containment jacket. FIGS. 24-28 illustrate an enclosure 142 
disposed over the balloon 58 to prevent contact with the filler 
material 110 in accordance with various embodiments of the 
present invention. In an embodiment, the enclosure 142 may 
be fabricated with a material with high resistant to bone 
cement (e.g., polymethyl methacrylate). The material may 
also have a lower moisture vaportransmission rate, in certain 
embodiments. By way of example, the moisture vapor trans 
mission rate may be less than about 1 g/100 in/day. As 
illustrated by FIG. 24, enclosure 142 may be placed over the 
balloon 58. As illustrated, the enclosure 142 may have a 
profile generally corresponding to the profile of the balloon 
58. However, the enclosure 142 should generally be 
unstressed when the balloon 58 is inflated in accordance with 
certain embodiments. FIG. 25 illustrates an embodiment of 
the enclosure 142 having threads 144 holding the enclosure 
142 in place over the balloon 58. In an embodiment (not 
illustrated), the threads 144 may be stitched to the balloon 58. 
FIGS. 26-28 illustrate alternate embodiments for placement 
of the enclosure 142 over the balloon 58. As illustrated by 
FIG. 26, embodiments may include an enclosure 142 that 
loosely fits over the balloon 58. As illustrated by FIG. 27, 
embodiments may include the nose 146 of the enclosure 142 
fitting tightly over the nipple 148 of the balloon 58. In an 
embodiment (not illustrated), a bonding agent may be used to 
bond the nipple 148 of the balloon 58 to the nose 146 of the 
enclosure 144. FIG. 28 illustrates an embodiment with the 
enclosure 142 disposed on one end of a tube 150. In an 
embodiment, the enclosure 142 may be stitched onto the end 
of the tube 150. As illustrated, the balloon 58 may be placed 
inside the enclosure 142. 

0093 FIGS. 29 and 30 illustrate yet one technique for 
isolating the balloon 58 from the filler material 110 in accor 
dance with one embodiment of the present invention. In the 
illustrated embodiment, the containment jacket 90 includes a 
dividing wall 152 that separates the containment jacket into a 
proximal region 154 and a distal region 156. As illustrated, 
the dividing wall 152 may include an opening 158 for pro 
viding access to the region 156 from the proximal region 158. 
As illustrated, the balloon 58 may be inserted into the proxi 
mal region 158 of the containment jacket 90. While not illus 
trated, filler material 110 may then be introduced into the 
distal region 156 with the dividing wall 152 isolating the 
balloon 58 from the filler material 110. In an embodiment (not 
illustrated), the balloon 58 may be inflated in the proximal 
region 158, and then the filler material 110 may be introduced 
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into the distal region 156. In an alternative embodiment (not 
illustrated), the balloon 58 may first be inflated in the distal 
region 156. The balloon 58, for example, may be threaded 
through the opening 158 and into the distal region 156. FIGS. 
68-75 below illustrate construction and use of a containment 
jacket 90 with a dividing wall 152 in more detail in accor 
dance with embodiments of the present invention. 
(0094. As illustrated by FIG.31, after the filler material 110 
has been allowed to cure, the balloon assembly 56 (e.g., FIG. 
22) may be removed from the containment jacket 90 in the 
vertebral body 4. With removal of the balloon 58, a portion of 
the containment jacket 90 is not occupied. This unoccupied 
portion of the containmentjacket is represented on FIG. 66 by 
reference number 160. 

0095 FIG. 32 illustrates introduction of an additional vol 
ume of the filler material 110 into the containment jacket 90. 
The additional volume of the fill material may generally fill 
the unoccupied portion 160 (e.g., FIG.31) of the containment 
jacket 90 so that the containment jacket 90 is filled with the 
filler material 110, for example. While not illustrated by FIG. 
32, any of a variety of suitable devices may be used for 
introduction of the additional volume of the filler material 110 
including the devices illustrated by FIGS. 17-19. The addi 
tional volume of the filler material 110 may then be allowed 
to cure in the containment jacket 90. 
0096 Embodiments of the present invention further may 
include detaching the containment jacket 90 from the con 
tainment assembly 88. FIG. 33 illustrates removal of the 
containmentjacket 90 in accordance with one embodiment of 
the present invention. As previously mentioned, the contain 
ment jacket 90 may be attached to the distal end 96 of the 
tubular member 92. As illustrated, a cutting device 162 having 
a cutting mechanism (e.g., cutting tips 164) in its distal end 
166 may be inserted into the tubular member 92. In an 
embodiment, the cutting tips 164 include one or more blades. 
The cutting device 162 may then be used to detach the con 
tainment jacket 90, leaving the containment jacket 90 within 
the vertebral body 4. Once the containmentjacket 90 has been 
detached, the containment assembly 88 and the cannula 
assembly 10 may be removed, leaving the containmentjacket 
90 in the vertebral body 4. Accordingly, the containment 
jacket 90 containing the filler material 110 may be left within 
the vertebral body 4. 
0097 While the preceding discussion describes the use of 
cutting device 162 to detach the containment jacket 90, it 
should be understood that other suitable techniques may be 
used for detachment. In an alternative embodiment, the con 
tainment jacket 90 has perforations (not illustrated) on the 
neck wherein twisting the hub 98 of the containment assem 
bly 88 detaches the containmentjacket 90 at the perforations. 
Another embodiment may include a thread (not illustrated), 
that secures the containment jacket 90 to the tubular member 
92 of the containment assembly 88. While not illustrated, a 
cord may extend from the thread that can be pulled to unravel 
the thread, detaching the containment jacket 90 from the 
tubular member 92. 

(0098 FIG. 34 illustrates a containment jacket 90 that has 
been placed into a vertebral body 4 and filled with filler 
material 110 in accordance with one embodiment of the 
present invention. As previously mentioned, the filler mate 
rial 110 may be introduced directly into the containment 
jacket 90 in accordance with embodiments of the present 
invention. As further discussed, a balloon assembly 50 (FIGS. 
20-22) may be used while introducing the filler material 110 
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into the containmentjacket 90 in accordance with alternative 
embodiments of the present invention. In an embodiment, the 
filler material 110 may be introduced at low pressure. In an 
alternative embodiment, the filler material 110 may exert 
pressure to prevent (or reduce) loss of vertebral height. 
0099 FIGS. 35-38 illustrate another technique for treating 
a fracture in vertebral body 4 in accordance with embodi 
ments of the present invention. In contrast to the techniques 
discussed above, the embodiment illustrated by FIGS. 35-38 
does not use a containment jacket 90 (e.g., FIG. 13). As 
illustrated by FIG.35, cavity 66 may created in the vertebral 
body 4. As previously discussed, the cavity 66 may beformed 
using any of a variety of different techniques, including, for 
example, using an inflatable balloon 58 (e.g., FIG. 7), a 
mechanical device 68 (e.g., FIG.9), or a combination of both. 
As illustrated, cannula 2 should extend into the cavity 66, 
providing access to the cavity 66. After creation of the cavity 
66, a first portion of bone filler 110 may be inserted into the 
cavity 66, as best seen in FIG. 36. As illustrated, the first 
portion of the bone filler 110 may be inserted into an anterior 
portion of the cavity 66. While not illustrated by FIG.35, any 
of a variety of different devices may be used for introduction 
of the filler material 110 including the devices illustrated by 
FIGS. 17-19. 
0100. As illustrated by FIG. 37, before the filler material 
110 has substantially cured, e.g., formed into a hardened 
mass, a balloon 58 may be inserted into the cavity 66 and 
inflated. By inflating the balloon 58 in the cavity 66 while the 
filler material 110 is curing, vertebral height may be main 
tained during curing. In this manner, loss of vertebral height 
may be prevented, which could occur during curing of the 
filler material 110 without inflation of the balloon 58. In the 
illustrated embodiment, the balloon 58 is disposed within 
container 142. Techniques for disposing the balloon 58 in the 
container 142 are discussed in more detail above with respect 
to FIGS. 24-28. As previously discussed, the container 142 
should isolate the balloon 58 from the filler material 110 to 
reduce the potential for its bursting when contacted by the 
filler material 110. The first volume of the filler material 110 
should packaround the anterior face 168 of the container 142. 
In an embodiment, the filler material 110 may then be allowed 
to cure, followed by deflation of the balloon 58 and removal 
of the balloon 58 and container 142 from the vertebral body 4. 
As illustrated by FIG.38, an additional volume of filler mate 
rial 110 may then be inserted into the remaining volume of the 
cavity 66. 

Treatment of Vertebral Body—Bi-Pedicular Approaches 
0101 Those of ordinary skill in the art, with the benefit of 

this disclosure, should approach that it may be desired, in 
Some embodiments, to employ a bi-pedicular approach for 
treatment of a fracturing in the vertebral body 4. For example, 
if a bi-pedicular approach is desired, the steps discussed 
above may be repeated on the alternate side of the vertebral 
body 4 after the vertebral body 4 has been treated from the 
other side. 
0102 FIGS. 39-42 illustrate a bi-pedicular approach for 
treating a fracture in vertebral body 4 in accordance with 
embodiments of the present invention. In a similar manner to 
the embodiment described with respect to FIGS. 35-38, the 
embodiment illustrated by FIGS. 39–42 does not use a con 
tainment jacket 90 (e.g., FIG. 13). As illustrated by FIG. 39, 
cavities 170, 172 may be created in the left and right regions 
of the vertebral body 4. In an embodiment, the cavities 170, 
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172 may be created in a serial fashion, for example, first in the 
left cavity 170 and then in the right cavity 172 or, alterna 
tively, first in the right cavity 172 and then in the left cavity 
170. The cavities 170, 172 may be formed using any of a 
variety of different techniques, including, for example, using 
an inflatable balloon 58 (e.g., FIG. 7), a mechanical device 68 
(e.g., FIG. 9), or a combination of both. As illustrated, a 
cannula 2 should extend into each of the cavities 170, 172 
providing access to the cavities 170, 172. 
(0103) As illustrated by FIG. 40, after creation of the cavi 
ties 170, 172, a balloon 58 may be inserted into one of the 
cavities 170,172 and inflated inaccordance with one embodi 
ment. FIG. 40 illustrates an inflated balloon disposed within 
the right cavity 172. Alternatively, if inflatable balloons were 
used for cavity creation, a balloon 58 may be left in the right 
cavity 172 in the inflated state with deflation and removal of 
the balloon 58 that was used to create the left cavity 170. 
Having the balloon 58 in an inflated state in the right cavity 
172 should prevent loss of restored vertebral height that 
would occur if bothballoons were deflated and removed from 
the cavities 170,172. In an alternative embodiment (not illus 
trated), a balloon 58 may be left in an inflated state in the left 
cavity 170 with deflation and removal of the balloon 58 that 
was used to create the right cavity 172. In the illustrated 
embodiment, the balloon 58 is disposed within container 142. 
Techniques for disposing the balloon 58 in the container 142 
are discussed in more detail above with respect to FIGS. 
24-28. As previously discussed, the container 142 should 
isolate the balloon 58 from the filler material 110 to reduce the 
potential for its bursting when contacted by the filler material 
110. 

0104. With the balloon 58 inflated in the right cavity 172, 
filler material 110 may be placed into the left cavity 170, as 
illustrated by FIG. 40. In an embodiment, the filler material 
110 may then be allowed to cure, followed by deflation of the 
balloon 58 and removal of the balloon 58 and container 142 
from the right cavity 172 in the vertebral body 4. As illustrated 
by FIG. 41, filler material 110 may then be placed into the 
right cavity 172 that was previously occupied by the balloon 
58. While not illustrated by FIGS. 40 and 41, any of a variety 
of different devices may be used for introduction of the filler 
material 110 including the devices illustrated by FIGS. 17-19. 
FIG. 42 illustrates the vertebral body 4 in which filler material 
110 has been placed into cavities 170,172 in accordance with 
embodiments. While the preceding description describes, 
placement of filler material 110 into the left cavity 170 first 
followed by placement of filler material 110 into the right 
cavity 172, it should be understood that, in some embodi 
ments, the steps may be reversed with the filler material being 
first placed into the right cavity 172. 
0105 FIGS. 43-45 illustrate another bi-pedicular 
approach for treating a fracture in vertebral body 4 in accor 
dance with embodiments of the present invention. In contrast 
to the embodiment described above with respect to FIGS. 
39-42, the embodiment shown on FIGS. 43-45 employs a 
containment jacket 90 (e.g., FIG. 13). As illustrated by FIG. 
43, cavities 170, 172 may be created in the left and right 
regions of the vertebral body 4. In an embodiment, the cavi 
ties 170, 172 may be created in a serial fashion, for example, 
first in the left cavity 170 and then in the right cavity 172 or, 
alternatively, first in the right cavity 172 and then in the left 
cavity 170.The cavities 170, 172 may be formed using any of 
a variety of different techniques, including, for example, 
using an inflatable balloon 58 (e.g., FIG. 7), a mechanical 
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device 68 (e.g., FIG. 9), or a combination of both. As illus 
trated, a cannula 2 should extend into each of the cavities 170, 
172 providing access to the cavities 170, 172. 
0106. As illustrated by FIG. 43, after creation of the cavi 

ties 170, 172, a balloon 58 may be inserted into one of the 
cavities 170,172 and inflated inaccordance with one embodi 
ment. FIG. 43 illustrates an inflated balloon 58 disposed 
within the right cavity 172. Alternatively, if inflatable bal 
loons were used for cavity creation, the balloon 58 may be left 
in the right cavity 172 in the inflated state with deflation and 
removal of the balloon 58 that was used to create the left 
cavity 170. Having the balloon 58 in an inflated state in the 
right cavity 172 should prevent loss of restored vertebral 
height that would occur if each balloon 58 was deflated and 
removed from the cavities 170,172. In an alternative embodi 
ment (not illustrated), a balloon 58 may be left in an inflated 
state in the left cavity 170 with deflation and removal of the 
balloon 58 that was used to create the right cavity 172. While 
not illustrated by FIG. 43, the balloon 58 may be disposed in 
a container 142 (FIGS. 24-28) in one particular embodiment. 
0107. With the balloon 58 inflated in the right cavity 172, 
a containmentjacket 90 may be placed into the left cavity 170, 
as illustrated by FIG. 43. In an embodiment, filler material 
110 may then be placed into the containment jacket 90 that is 
in the left cavity 170. While not illustrated by FIG. 43, any of 
a variety of different devices may be used for introduction of 
the filler material 110 including the devices illustrated by 
FIGS. 17-19. In one particular embodiment, the filler material 
110 in the containmentjacket 90 may then be allowed to cure, 
followed by deflation of the balloon 58 and removal of the 
balloon 58 from the right cavity 172 in the vertebral body 4. 
0108. As illustrated by FIG. 44, a containment jacket 90 
may then be placed into the right cavity 172 that was previ 
ously occupied by the balloon 58. In an embodiment, filler 
material 110 may then be placed into the containment jacket 
90 that is in the right cavity 172. While not illustrated by FIG. 
44, any of a variety of different devices may be used for 
introduction of the filler material 110 including the devices 
illustrated by FIGS. 17-19. The filler material 110 in the right 
cavity 172 may then be allowed to cure. 
0109 Embodiments may further include detaching the 
containment jacket 90 in each of the cavities 170, 172 such 
that the containment jacket 90 containing the filler material 
110 remains in each of the cavities 170, 172, as illustrated by 
FIG. 45. In an embodiment, the containment jackets 90 may 
be detached in a serial fashion, for example, first in the left 
cavity 170 and then in the right cavity 172 or, alternatively, 
first in the right cavity 172 and then in the left cavity 170. In 
one embodiment, a cutting device 162 (e.g., FIG. 33) may be 
used to detach each containment jacket 90 at their respective 
necks 174. While the preceding description describes, place 
ment and filling of the containmentjacket 90 in left cavity 170 
first followed by placement and filling of the containment 
jacket 90 in the right cavity 172, it should be understood that, 
in some embodiments, the steps may be reversed with the 
containmentjacket 90 being first placed and filled in the right 
cavity 172. 
0110 FIGS. 46-49 illustrate another bi-pedicular 
approach for treating a fracture in vertebral body 4 that 
employs a containmentjacket 90 (e.g., FIG. 13) in accordance 
with embodiments of the present invention. As illustrated by 
FIG. 46, embodiments may include creations of cavities 170, 
172 in the left and right regions of the vertebral body 4 with a 
mechanical device 68. In one embodiment, the cavities 170, 
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172 may be created in a serial fashion, for example, first in the 
left cavity 170 and then in the right cavity 172 or, alterna 
tively, first in the right cavity 172 and then in the left cavity 
170. The cavities 170, 172 may be formed using any of a 
variety of different techniques, including, for example, using 
an inflatable balloon 58 (e.g., FIG. 7), a mechanical device 68 
(e.g., FIG. 46), or a combination of both. As illustrated, a 
cannula 2 should extend into each of the cavities 170, 172 
providing access to the cavities 170, 172. 
0111. As illustrated by FIG. 47, after creation of the cavi 
ties 170, 172, a containment jacket 90 and a balloon 58 may 
be inserted into each of the cavities 170, 172, in accordance 
with one embodiment. Embodiments may include inflation of 
the balloon 58 in each of the cavities 170,172. In one embodi 
ment, the containment jacket 90 may be inserted followed by 
insertion of the balloon 58 into the containment jacket 90. In 
another embodiment, the containment jacket 90 may be 
inserted with the balloon 58 disposed therein. In one particu 
lar embodiment (not illustrated) a containment jacket 90 and 
balloon 58 may be inserted into only one of the cavities 170, 
172 with only a containment jacket 90 inserted into the other 
one of the cavities 170, 172. 
0112 Embodiments may further include deflation and 
removal of a balloon 58 from one of the cavities 170, 172. 
FIG. 48 illustrates an embodiment in which the balloon 58 has 
been deflated and removed from the left cavity 170 leaving 
the containment jacket 90 in the left cavity 170 and inflated 
balloon 58 and containment jacket 90 in the right cavity 172. 
Having the balloon 58 in an inflated state in the right cavity 
172 should prevent loss of restored vertebral height that 
would occur if bothballoons were deflated and removed from 
the cavities 170, 172. 
0113. As illustrated by FIG. 48, with the balloon 58 
inflated in the right cavity 172, filler material 110 may then be 
placed into the containment jacket 90 that is in the left cavity 
170. In one particular embodiment, the filler material 110 in 
the containment jacket 90 may then be allowed to cure, fol 
lowed by deflation and removal of the balloon 58 from the 
right cavity 172 in the vertebral body 4. In an embodiment, 
filler material 110 may then be placed into the containment 
jacket 90 that is in the right cavity 172. While not illustrated 
by FIGS. 47 and 48, any of a variety of different devices may 
be used for introduction of the filler material 110 including 
the devices illustrated by FIGS. 17-19. The filler material 110 
in the right cavity 172 may then be allowed to cure. While the 
preceding description describes, placement and filling of the 
containment jacket 90 in left cavity 170 first followed by 
placement and filling of the containmentjacket 90 in the right 
cavity 172, it should be understood that, in some embodi 
ments, the steps may be reversed with the containmentjacket 
90 being first placed and filled in the right cavity 172. 
0114 Embodiments may further include detaching the 
containment jacket 90 in each of the cavities 170, 172 such 
that the containment jacket 90 containing the filler material 
110 remains in each of the cavities 170, 172, as illustrated by 
FIG. 49. In an embodiment, the containment jackets 90 may 
be detached in a serial fashion, for example, first in the left 
cavity 170 and then in the right cavity 172 or, alternatively, 
first in the right cavity 172 and then in the left cavity. In one 
embodiment, a cutting device 162 (e.g., FIG.33) may be used 
to detach each containmentjacket 90 at their respective necks 
174. 

0115 FIGS. 50-53 illustrate another bi-pedicular 
approach for treating a fracture in vertebral body 4 that 
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employs a containmentjacket 90 (e.g., FIG. 13) in accordance 
with embodiments of the present invention. As illustrated by 
FIG.50, embodiments may include creations of cavities 170, 
172 in the left and right regions of the vertebral body 4 with a 
mechanical device 68. In one embodiment, the cavities 170, 
172 may be created in a serial fashion, for example, first in the 
left cavity 170 and then in the right cavity 172 or, alterna 
tively, first in the right cavity 172 and then in the left cavity 
170. The cavities 170, 172 may be formed using any of a 
variety of different techniques, including, for example, using 
an inflatable balloon 58 (e.g., FIG. 7), a mechanical device 68 
(e.g., FIG. 9), or a combination of both. As illustrated, a 
cannula 2 should extend into each of the cavities 170, 172 
providing access to the cavities 170, 172. As further illus 
trated by FIG.50, after creation of the cavities 170, 172, a 
containment jacket 90 may be inserted into each of the cavi 
ties 170, 172, in accordance with one embodiment. In one 
embodiment, the containmentjackets 90 may be inserted in a 
serial fashion, for example, first into the left cavity 170 and 
then into the right cavity 172. 
0116. As illustrated by FIG. 51, filler material 110 may 
then be placed into the containmentjacket 90 that is in the left 
cavity 170. Thereafter, filler material 110 may then be placed 
into the containment jacket 90 that is in the right cavity 172, 
as illustrated by FIG. 52. While not illustrated by FIGS. 47 
and 48, any of a variety of different devices may be used for 
introduction of the filler material 110 including the devices 
illustrated by FIGS. 17-19. While the preceding description 
describes filling of the containment jacket 90 in left cavity 
170 first followed by filling of the containmentjacket 90 in the 
right cavity 172, it should be understood that, in some 
embodiments, the steps may be reversed with the contain 
ment jacket 90 being first filled in the right cavity 172. 
0117 Embodiments may further include detaching the 
containment jacket 90 in each of the cavities 170, 172 such 
that the containment jacket 90 containing the filler material 
110 remains in each of the cavities 170, 172, as illustrated by 
FIG. 53. In an embodiment, the containment jackets 90 may 
be detached in a serial fashion, for example, first in the left 
cavity 170 and then in the right cavity 172 or, alternatively, 
first in the right cavity 172 and then in the left cavity. In one 
embodiment, a cutting device 162 (e.g., FIG.33) may be used 
to detach each containmentjacket 90 at their respective necks 
174. 

Constrained Balloon Geometries 

0118. As previously discussed, a balloon 58 balloon may 
be inflated within a vertebral body 4 in accordance with 
certain embodiments of the present invention, as shown, for 
example, on FIG. 7. In some embodiments, it may desirable 
for the inflation of the balloon 58 to be controlled. For 
example, in some embodiments, the balloon 58 may be con 
figured to have induced asymmetric inflation. In another 
embodiment, the balloon 58 may be configured such that 
axial growth may be constrained. 
0119 FIGS. 54-55 illustration a comparison of inflation of 
symmetric balloon 176 with symmetric inflation (e.g., FIG. 
54) versus asymmetric balloon 178 with induced asymmetric 
inflation (e.g., FIG. 55). As illustrated by FIG. 54, the infla 
tion of symmetric balloon 176 without induced asymmetric 
inflation is symmetrical at the top and bottom. In comparison, 
the inflation of asymmetric balloon 178 with induced asym 
metrical inflation has asymmetric inflation at the top and 
bottom. FIG. 56 illustrates symmetric balloon 176 in an 
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unstressed/uninflated state. FIG. 57 is a cross-section of sym 
metric balloon 176 taken along line 180. As illustrated, the 
symmetric balloon 176 has grain flow 182 that is symmetri 
cal. FIG. 58 illustrates asymmetric balloon 178 in an 
unstressed/uninflated state. FIG. 59 is a cross-section of 
asymmetric balloon 178 taken along line 184. As illustrated, 
the asymmetric balloon 178 has grain flow 186 that is asym 
metrical. For example, the grain flow 186 of balloon 178 has 
been configured to induce asymmetric inflation, as seen in 
FIG.S.S. 

I0120 FIGS. 60-64 illustrate an asymmetric balloon 178 
with induced asymmetric inflation, in accordance with 
another embodiment of the present invention. As illustrated 
by FIG. 60, the asymmetric balloon 178 includes a resistive 
portion 188. In the illustrated portion, the resistive portion 
188 is a longitudinal beam that extends along the longitudinal 
axis of the balloon 178. For the purposes herein, the resistive 
portion 188 is more resistive to growth than the remainder of 
the asymmetric balloon 178. The increased resistivity of the 
resistive portion 188 may due, for example, to increased 
balloon thickness or the material used for the resistive portion 
188, for example. FIG. 61 is a cross-sectional view of the 
asymmetric balloon 178 taken along plane 190 of FIG. 60. 
FIG. 62 is an exploded view taken along circle 192 of FIG.71. 
As illustrated by FIGS. 61 and 62, the resistive portion 188 
may have increased thickness as compared to the remainder 
of the balloon 178. In the illustrated embodiment, the 
increased thickness of the balloon 178 is represented by pro 
truding portion 194, which protrudes from the bottom of the 
resistive portion 188. FIG. 63 illustrates an alternative 
embodiment in which the protruding portion 194 protrudes 
from the top of the resistive portion 188. As illustrated by FIG. 
64, the resistive portion 188 constrains of the growth of the 
asymmetric balloon 178 when inflated resulting in asymmet 
ric inflation. 

0121 FIGS. 65 and 66 illustrate an embodiment of an 
axially constrained balloon 196 in accordance with one 
embodiment of the present invention. FIG. 65 illustrates the 
axially constrained balloon 196 in a deflated state. As illus 
trated, the axially constrained balloon 196 is disposed on a 
catheter 198 having an inner lumen 200 disposed therein. In 
the illustrated embodiment, the constrained balloon 196 has a 
distal end 202 and a proximal end 204. The distal end 202 of 
the constrained balloon 196 may be attached to the inner 
lumen 200. In one embodiment, the inner lumen 200 is non 
compliant so that expansion at the distal end 202 of the 
balloon 196 is constrained when the balloon is inflated 196. 
As illustrated by FIG. 66, the axially constrained balloon 196 
expands laterally from the inner lumen 200 while growth of 
the balloon 196 axially from the inner lumen 200 is con 
strained. FIG. 67 illustrates an alternate embodiment for con 
straining the axial growth of the axially constrained balloon 
196 when inflated. In the illustrated embodiment, the balloon 
196 may have a non-uniform thickness to constrain expan 
sion. As illustrated, the balloon 196 has an increased thick 
ness at the distal end 202 and the proximal end 204, for 
example, with respect to the remainder of the balloon 196. 
Containment Jacket with Dividing Wall 
I0122. As previously discussed, the balloon 58 that is 
inserted in the vertebral body 4 may be isolated from the filler 
material 110 in accordance with embodiments of the present 
invention. In certain embodiments (FIGS. 24-28), the balloon 
58 may be isolated from the filler material 110 with an enclo 
sure 142. In alternative embodiments (FIGS. 29-30), the bal 
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loon 58 may be isolated from the filler material 110 with a 
containment jacket 90 that includes a dividing wall 152. 
FIGS. 68-72 illustrate one embodiment for constructing the 
containment jacket 90 with the dividing wall 152. While the 
following description describes one technique for construct 
ing a containmentjacket 90 with a dividing wall 152 it should 
be understood that other techniques may be used to form a 
containmentjacket 90 with a dividing wall 152 in accordance 
with embodiments of the present invention. In the illustrated 
embodiment, the containment jacket 90 with the dividing 
wall 152 is constructed with film welding. As illustrated, a 
first layer 206, a second layer 208, a third layer 210, and a 
fourth layer 212 of material may be provided. The first layer 
206 may have an upperface 214 and a lowerface (not shown). 
The second layer 208 may have an upper face 216 and a lower 
face (not shown). The second layer 208 may also have edges 
218. In the illustrated embodiment, the second layer 208 has 
four edges 218. 
0123. In an embodiment, the first layer 206 and the second 
layer 208 may be welded together along weld line 214, as best 
seen in FIG. 68. As illustrated, the weld line 214 may beat one 
of the edges 218 of the second layer 208 and across the upper 
face 214 of the first layer 206. While not illustrated, embodi 
ments may include welding the third layer 210 to the fourth 
layer 212 in a similar manner. As illustrated, the first layer 206 
may then be cut along weld/cut line 222 (e.g., FIG. 69) and 
then welded to the third layer 210. In the illustrated embodi 
ment, the weld/cut line 222 is in the general form of a convex 
arc that extends from the weld line 220 with a nipple 224 or 
protrusion at its apex. As illustrated by FIG. 70, the second 
layer 208 may then be cut along second weld/cutline 226 and 
then welded to layer 212 (e.g., FIG. 69) at the second weld/cut 
line 226. In the illustrated embodiment, the second weld/cut 
line 226 is in the general form of a convex arc that extends 
from the weld line 222 with a nipple 228 or protrusion at its 
apex. In an embodiment, the second weld/cut line 226 extends 
around the weld/cut line 222. As further illustrated by FIG. 
70, the first layer 206 may then be cut along third weld/cut line 
230 and then welded to the third layer 210 (e.g., FIG. 69) at 
the third weld cut line 230. In the illustrated embodiment, the 
third weld/cut line 224 includes two lines, for example, with 
first portions that converge as they extend away from the weld 
line 220 and second portions that continue generally parallel 
as they continue to extend in the same direction. As illus 
trated, the third weld/cut line 230 extends in the opposite 
direction of the first and second weld/cut lines 222, 226. 
While not illustrated, embodiments may include similar 
welds and cuts to the third and fourth layers 210, 212 that 
mirror the welds and cuts made to the first and second layers 
206, 208. 
(0.124 With reference now to FIGS. 71 and 72, a weld may 
be made at the intersection 232 of the first layer 206 and the 
second layer 208, and a weld may also be made at the inter 
section 234 of the third layer 210 and the fourth layer 212. As 
illustrated, a portion of the first layer 206 and the third layer 
210 that extends beyond these welds are disposed within an 
enclosure created by the second layer 208 and the fourth layer 
212. This enclosed portion forms the dividing wall 152 in the 
containment jacket 90 separating the containment jacket 90 
into a proximal region 154 and a distal region 156, as best 
seen in FIG. 72. As illustrated, the dividing wall 152 may 
include an opening 158 for providing access to the distal 
region 156 from the proximal region 158. 
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(0.125 FIGS. 73-75 illustrate a technique for treating a 
fracture in a vertebral body 4 that employs a containment 
jacket 90 having a dividing wall 152 in accordance with one 
embodiment of the present invention. While not illustrated, 
embodiments may include creation of a cavity 66 in the 
vertebral body 4 with a mechanical device 68. For example, 
the cavity 66 may beformed using any of a variety of different 
techniques, including, for example, using an inflatable bal 
loon 58 (e.g., FIG. 7), a mechanical device 68 (e.g., FIG. 9), 
or a combination of both. As illustrated by FIG. 73, after 
creation of the cavity 66 a containment jacket 90 may be 
inserted into the cavity 66. In the illustrated embodiment, the 
containmentjacket 90 includes a dividing wall 152 that sepa 
rates the interior of the containmentjacket 90 into a proximal 
region 154 and a distal region 156. As illustrated, the dividing 
wall 152 includes an opening 158. As further illustrated by 
FIG. 73, a balloon 58 may be inserted into the proximal region 
154 of the containment jacket 90 and inflated. In the illus 
trated embodiment, an inner lumen 52 is disposed in the 
balloon that includes an exit port 60 for filler material 110. As 
illustrated, filler material 110 may then be placed into the 
distal region 156 with the dividing wall 152 isolating the 
balloon 58 from the filler material 110. In the illustrated 
embodiment, the filler material 110 is introduced into the 
distal region 156 from the exit port 60 of the inner lumen 52. 
As illustrated, the filler material 110 may be dispensed from 
the exit port 60 through the opening 158 in the dividing wall 
152. The balloon 58 may then be deflated and removed from 
the proximal region 154, as illustrated by FIG. 74. In one 
embodiment, the balloon 58 may be deflated and removed 
after the filler material 110 has been allowed to cure. As 
illustrated by FIG. 75, filler material 110 may then be intro 
duced into the proximal region 154 that was previously occu 
pied by the balloon 58. While not illustrated by FIGS. 73-75, 
any of a variety of different devices may be used for intro 
duction of the filler material 110 including the devices illus 
trated by FIGS. 17-19. The filler material 110 in the proximal 
region 154 may then be allowed to cure. 

Containment Jacket—Alternative Embodiments 

I0126. As previously discussed, a containment jacket 90 
may be placed into a vertebral body 4 in accordance with 
embodiments of the present invention, as illustrated, for 
example, by FIG. 14. As illustrated on FIG. 14, in some 
embodiments, the containment jacket 90 may be disposed on 
a tubular member 92. Those of ordinary skill in the art will 
appreciate that a variety of different techniques may be used 
in accordance with embodiments of the present technique for 
attachment of the containment jacket 90 to the tubular mem 
ber 92. FIGS. 76-77 illustrate an embodiment of the contain 
ment assembly 88 that includes containment jacket 90 
coupled to a distal end 96 of the tubular member 92. As 
illustrated, the containmentjacket 90 may include a neck 174 
placed over the tip 236 of the distal end 96 of the tubular 
member 92. In an embodiment (not illustrated), an adhesive 
may be used to couple the neck 174 to the distal end 96. In an 
alternative embodiment (not illustrated), the neck 174 of the 
containment jacket 90 may be thermally bonded to the distal 
end 96 of the tubular member 92. As illustrated by FIG. 77, 
the tip 236 may be ground to, for example, facilitate flush 
bonding of the containment jacket 90 with the tubular mem 
ber 92. 
(O127 FIGS. 78-80 illustrate another technique for attach 
ment of the containmentjacket 90 to the tubular member 92 in 
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accordance with one embodiment of the present invention. As 
illustrated by FIG. 78, the containment assembly 88 may 
include containmentjacket 90 attached to the tubular member 
92. A hub 98 may be disposed on the proximal end 94 of the 
tubular member 92. In the illustrated embodiment, the con 
tainment jacket 90 includes an elongated neck 238. In an 
embodiment, the elongated neck 238 may be welded to the 
tubular member 92. Any of a variety of different welding 
techniques may be suitable, including, for example, radio 
frequency welding, thermoforming, and ultrasonic welding. 
As illustrated by FIG. 79, a thin weld line 240 may couple the 
containment jacket 90 to the tubular member 92. In an 
embodiment, the containmentjacket 90 may be coupled to the 
hub 98. As illustrated by FIG. 80, the distal end 242 of the 
elongated neck 472 may be coupled to the hub 98, for 
example, with an adhesive. 
0128 FIG. 81 illustrates yet another technique for attach 
ment of the containmentjacket 90 to the tubular member 92 in 
accordance with one embodiment of the present invention. In 
the illustrated embodiment, containment assembly 88 
includes containment jacket 90 coupled to a distal end 96 of 
tubular member 92. As illustrated, abutt weld 244 may couple 
neck 174 of the containment jacket 90 to the distal end 96 of 
the tubular member 92. 

0129 FIG. 82 illustrates yet another technique for attach 
ment of the containmentjacket 90 to the tubular member 92 in 
accordance with one embodiment of the present invention. As 
illustrated, thread 246 (e.g., suture thread) may be tied over 
the neck 174 of the containment jacket 90 to secure the 
containment jacket 90 onto the distal end 96 of the tubular 
member 92. A cord 248 may extend from the thread 246 that 
can be pulled to unravel the thread 246 releasing the contain 
ment jacket 90 from the tubular member 92. 
0130 FIGS. 83-84 illustrate an alternate embodiment of 
the containment assembly 88 that can be used in accordance 
with one embodiment of the present invention. In the illus 
trated embodiment, the containment assembly 88 includes a 
tubular member 92 having a hub 98 on the proximal end 430. 
As illustrated, a mandrel assembly 248 may be disposed 
within the tubular member 92. In an embodiment, the mandrel 
assembly 248 may be constructed from a material that com 
prises polytetrafluoroethylene. The mandrel assembly 248 
may comprise a stem 250 that extends through the tubular 
member 92. The mandrel assembly 248 may further comprise 
a mandrel hub 252 engaging the hub 98 of the tubular member 
92. The mandrel assembly 248 may further comprise blunt 
nose 254 opposite the mandrel hub 252. The blunt nose 254 
should reduce and/or prevent puncture of the containment 
jacket 90. The containment jacket 90 may enclose the blunt 
nose 254 with the elongated neck 238 of the containment 
jacket 90 extending along the stem 250. As illustrated by FIG. 
84, the containment jacket 90 may be wrapped around the 
stem 250 of the mandrel assembly 248, in one embodiment. 
The mandrel assembly 248 may, for example, facilitate inser 
tion of the containment jacket 90 through the cannula 2 (e.g., 
FIG.1). After the containmentjacket 90 has been inserted into 
the vertebral body 4 (e.g., FIG. 1), the containment jacket 90 
may be unwrapped, as illustrated by FIG. 83. 
0131 FIGS. 85-86 an embodiment of a containment 
jacket 90 that may be used in accordance with embodiments 
of the present invention. As illustrated, the containmentjacket 
90 may be attached to tubular member 92. In an embodiment, 
the containment jacket 90 may be configured to a have pre 
determined geometrical configuration when in an expanded 
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state. For example, the containment jacket 90 may have a 
rectangular cross-section in an expanded State, as shown by 
FIG. 86. In other embodiments, the containment jacket 90 
may be generally cylindrical in shape. In certain embodi 
ments, the containment jacket 90 may be inserted into a disc 
space. Accordingly, embodiments of the containment jacket 
90 may have lordosis and/or convexity to match the end plates 
of a disc space. In alternative embodiments, the containment 
jacket 90 may be inserted into a vertebral body 4 (e.g., FIG. 
1). It should be understood that the containment jacket 90 
may also be inserted into other cavities within a bone as 
desired for a particular application. 
(0132) In the embodiment illustrated by FIGS. 85-86, 
frame 256 may be used, for example, to reinforce the con 
tainment jacket 90 and provide the desired geometric con 
figuration. As illustrated, the frame 256 may be disposed 
within the containmentjacket 90. FIG. 86 illustrates the frame 
256 in a collapsed state. In an embodiment, the frame 256 
may have the property of shape memory Such that, when the 
frame 256 is deployed, the containment jacket 90 expands to 
a predetermined geometrical configured, as illustrated by 
FIG. 86. The internal frame 256 may be constructed from a 
material having the property of shape memory. Examples of 
Suitable material include shape memory alloys, such as alloys 
of nickel and titanium. 

(0.133 FIGS. 87-88 illustrate a containment assembly 88 in 
accordance with embodiments of the present invention. FIG. 
88 is an exploded view taken along circle 257 of FIG. 87. As 
illustrated, the containment assembly 88 includes a contain 
ment jacket 90 and a hub 98. In the illustrated embodiment, 
the containment jacket 90 may include an enclosed well 258 
having an elongated neck 238 neck extending therefrom. In 
one embodiment, the ratio of the diameter of the neck 238 to 
the diameter of the enclosed well 258 is greater than about 
1:3, alternatively, greater than about 1:5, and alternatively 
greater than about 1:7. In the illustrated embodiment, the 
elongated neck 238 has a distal end 260 connected to the 
enclosed well 258 and a proximal end 262 connected to the 
hub 98. While any of a variety of different techniques may be 
used for connecting the proximal end 262 of the elongated 
neck 238 to the hub 90, the proximal end 262 and the hub 90 
may be adhesively bonded (e.g., Dymax or Loctite UV medi 
cal grade), in one embodiment. The containment jacket 90 
may have an opening 264 at the proximal end 262. The hub 98 
may be configured to allow connection of the containment 
assembly 88 with other devices that may be used in a medical 
procedure. In an embodiment, the hub 98 includes a luer lock. 
As illustrated, the hub 98 may have a through passageway 266 
with a tapered throat 268 for allowing easier access of mate 
rials/instruments into the containment membrane. While 
FIG. 87 illustrates the enclosed well 258 of the containment 
jacket 90 in an expanded state, it should be understood that the 
enclosed well 258 can be wrapped/folded to enable insertion 
through a cannula 2 (e.g., FIG. 1) and into a vertebral body 4 
(e.g., FIG. 1). 
I0134) To facilitate insertion of the containment jacket 90 
through a cannula 2 (e.g., FIG. 1), any of a variety of suitable 
devices and techniques may be used. FIGS. 89 and 90 illus 
trate an obturator device 268 that may be used for insertion of 
the containment jacket 90 in accordance with embodiments 
of the present invention. As illustrated, the obturator device 
268 may include a stem 270 and an obturator hub 272 at one 
end of the stem 270. In one embodiment, the obturator hub 
272 may be configured to engage the hub 98 of the contain 
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ment assembly 88. As illustrated, the stem 270 may have a 
distal end 274. In an embodiment (not illustrated) the 
enclosed well 258 of the containment jacket 90 may wrap/ 
fold around the distal end 274 of the stem 270 to facilitate 
insertion of the containmentjacket 90 through the cannula 2. 
In some embodiments, the stem 270 should have sufficient 
rigidity to push the containment jacket 90 through cannula 2. 
In some embodiments, the stem 270 may be made from a 
highly viscous material (e.g., polytetrafluoroethylene, fluori 
nated ethylene propylene, etc) so that the stem 270 can be 
inserted through the elongated neck 238 of the containment 
jacket 90. As best seen on FIG. 90, the stem 270 of the 
obturator device 268 may be inserted into the containment 
jacket 90 through the hub 98. The obturator hub 272 may then 
be attached to the hub 98 of the containment jacket 90. 

Containment Jacket Manufacture Techniques 

0135 Those of ordinary skill in the art will appreciate that 
any of a variety of different techniques may be used to manu 
facture containment jackets (e.g., containment jacket 90) in 
accordance with embodiments of the present invention. 
Examples of Suitable techniques dip molding, film welding, 
and blow molding, among others. Those of ordinary skill in 
the art will appreciate that dip molding may not be preferred 
in certain embodiments, such as those in which the neck 
diameter to well diameter ratio is greater than 1:7. Film weld 
ing may be preferred in accordance with embodiments of the 
present invention. In some embodiments, film extrusion of 
film welding may be used to provide a film suitable for weld 
ing into the shape of a containment jacket 90. 
0136 FIG. 91 illustrates an embodiment that uses a film 
extrusion technique to create film 282. As discussed in more 
detail below, film welding may then be used to weld the film 
282 into the shape of the containmentjacket 90. As illustrated, 
the material (e.g., polymer, additives, etc.) used to create the 
containment jacket 90 (e.g., FIG. 87) may be melted and 
conveyed through the extruder 276. The heated material may 
then be forced through a horizontal slit die 278. Thickness of 
the film may be controlled as the heated material passes 
through the die 278. The extruded film exiting the die 278 
may be cooled as it passes through the chilled nip rolls 280. 
Those of ordinary skill in the art will appreciate that the 
extruded film may be passed onto a carrier material (e.g., 
polyester film, polyethylene film, paper, etc.) before wrap 
ping around a core. In one embodiment, extrusion tempera 
ture may be about 350° F to about 410° F. FIG.92 illustrates 
an alternative embodiment for extrusion of the film com 
monly referred to as “cast on carrier in which the extruded 
film 282 is cast on the carrier material 284 as it exits the die 
278. 

0.137 FIG. 93 illustrates an embodiment that uses film 
casting to create a film 282. As discussed in more detail below, 
film welding may then be used to weld the film 282 into the 
shape of the containment jacket 90. In an embodiment, the 
material used to create the containment jacket (e.g., FIG. 87) 
may be dissolved in a suitable solvent, such as dimethylfor 
mamide or dimethylacetamide. Once dissolved, the solution 
can be poured onto one or more casting plates 286. Those of 
ordinary skill in the art will appreciate that the volume of the 
Solution distributed over a specific area of the casting plates 
286 will result in a desired film thickness. The solvent may 
then be allowed to evaporate from the solvent to form the film 
286. The film 286 may then be allowed to crystallize, for 
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example, by storing at a temperature of about 86°F. to about 
104°F. for several days, which should also reduce the tacki 
ness of the film 286. 

0.138. In some embodiments, the tackiness of the film 286 
may be reduced. In some embodiments, the film tackiness 
may need to be reduced due to, for example, the soft material 
(e.g., Bionate R 90A PCU) and/or thin film (e.g., -1 mm) that 
is being used. A number of different techniques may be used 
to reduce or even potentially eliminate film tackiness. In one 
embodiment, the rollers and carrier materials used in film 
extrusion can be roughened to create a matte Surface finish on 
the film 286. The film 286 generally should take on the sur 
face finish of the rollers/carrier, thereby resulting in a matter 
surface finish, in embodiments where the rollers/carriers are 
roughened. In one embodiment, the casting plates used in film 
casting may be roughened (e.g., bead blasted) to have a Sur 
face roughness (Ra) of at least 4 micrometers. For the pur 
poses herein, Ra is the arithmetic average of the roughness 
profile, Such as the average of a length of 5 mm. In one 
embodiment, a surface treatment may be applied to the film 
286 to reduce tackiness. For example, a cold gas plasma 
treatment (e.g., argon, oxygen, hydrogen, nitrogen gas) may 
be applied to the film 286 to clean its surface while modifying 
the molecular structure Sufficiently with an end resulting in a 
film 286 with reduced or even no tackiness. In one embodi 
ment, barium sulfate may be added (e.g., less than 30% w/v) 
to the material (e.g., Bionate R. PCU) used to create the con 
tainmentjacket 90 in either the film extrusion or film casting. 
It is believed that the barium sulfate should act as a filler 
producing films with less tackiness. In one embodiment, a 
Parylene poly(p-xylylene) polymer coating (e.g., -C. -N. 
-HT) may be applied to the film 286 which deposits a layer of 
molecules on the surface of the film, resulting in a film 286 
with high dry-film lubricity. 
0.139. As previously mentioned, film welding may be used 
in the manufacture of the containment jacket 90 (e.g., FIG. 
87) in accordance with embodiments of the present invention. 
Due to the thin walls of the film (e.g., -1 mm), as well as the 
need to keep the weld lines thin, strong, radiofrequency (RF) 
weld processing may be used in certain embodiments. Addi 
tionally, RF welding processing may be used, in certain 
embodiments, because materials (e.g., polyurethanes) used 
for the containment jacket 90 may be poor conductors of 
electricity. As illustrated by FIG. 94, two films 282 may be 
layered on top of each other. The upper die 288 and the lower 
die 290, which act as an electrode, may then be pressed on the 
films 282 with energy in the form of heat generate at the local 
joint region under pressure. The upper die 288 and the lower 
die 290 generally may be in the shape of the final product 
(e.g., the containment jacket 90). After the energy is stopped, 
the local melted plastic region cools and re-solidifies result 
ing in a strong thin weld line. 
0140. In some embodiments, blow molding may be used 
in the manufacture of the containment jacket 90 (e.g., FIG. 
87). Prior to blow molding, the material (e.g., nylon, PET, 
polyurethane, etc.) that will be used to construct the contain 
ment jacket 90 should first be extruded into a tubing with a 
specific outside diameter, inside diameter, and length. The 
tubing may then be inserted into a specific-shaped cavity in a 
blow molding machine and air is blown into the mold to form 
the desired shape of the mold using a combination of heat and 
pressure, for example. An example of a blow molding 
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machine that may be used in one embodiment of the present 
invention is illustrated by reference number 292 on FIG.95. 

Radiopaque Markers 
0141. In some embodiments, radiopaque markers may be 
used so that the instruments, such as catheter 2 (e.g., FIG. 1), 
balloon 58 (e.g., FIG. 7), and containment jacket 90 (e.g., 
FIG. 87), can be visualized using an imaging technique. The 
radiopaque markers may be used, for example, to ensure the 
desired placement of the instrument. The radiopaque marker 
may be checked on the generated image to Verify instrument 
location. In an embodiment, the imaging technique may 
include fluoroscopy, including both lateral and AP fluoros 
copy. In some embodiments, radiopaque markers can be 
incorporated into the instruments. For example, one or more 
radiopaque markers may be incorporated into a distal end of 
the instruments. In one embodiment, one or more radiopaque 
markers may be incorporated into a distal end of the balloon 
assembly 50. As illustrated by FIG. 96, embodiments may 
include incorporation of one or more radiopaque markers 294 
into the containment jacket 90. 
0142. Those of ordinary skill in the art will appreciate that 
the radiopaque markers 294 may be in a variety of different 
shapes (e.g., lines, dots, etc.). A non-limiting example of a 
Suitable radiopaque marker is radiopaque medical ink print 
ing whereintungsten or other high radiopaque metals loaded 
in medical grade ink can be printed onto the Surface of the 
containment jacket 90. Another non-limiting example of a 
suitable radiopaque marker is a piece metal/marker band 
(e.g., tantalum, platinumfiridium, etc.) that may be bonded to 
a surface of the instrument. Bonding of the band can be 
achieved, for example, via a medical grade adhesive (e.g., 
Dymax or Loctite UV curable medical grade), a drop of a 
polyurethane (e.g., Bionate(R) PCU) in dimethylformamide or 
dimethylacetamide Solution, or a drop of molten polyure 
thane (e.g., Bionate R. PCU). 

Cement Leakage 
0143. In some embodiments, the filler material 110 may be 
introduced into the vertebral body 4 without containment in a 
containment jacket 90. For example, FIGS. 35-38 (described 
above) disclose introduction of the filler material 110 into the 
vertebral body 4 without containment. By way of further 
example, FIGS. 39-42 (described above) also disclose the 
introduction of the filler material 110 into the vertebral body 
4 without containment. However, when filler material 110 is 
introduced into a cavity 66 in the vertebral body 4 without 
containment, the filler material 110 can leak through cracks 
296 in the vertebral body 4, as illustrated by FIG. 97. To 
prevent leakage through cracks 296, the cracks 296 may be 
packed with bone particles 298 (e.g., bone dust, bone mor 
cels), as illustrated by FIG. 98. It is believed that the bone 
particles 298 in the cracks 296 should provide increased 
surface tension thereby preventing the filler material 110 
from leaking out the cracks 296. While packing bone particles 
298 into the cracks 296 may be suitable for treating a variety 
of different fractures in a vertebral body 4, embodiments of 
the present technique may be particularly suitable for the 
treatment of acute fractures in a vertebral body. 

Filler Material 

0144. The preceding description describes the use of a 
filler material 110 in accordance with embodiments of the 
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present invention. Those of ordinary skill in the art will appre 
ciate that the filler material 110 may comprise any of a variety 
of materials that may be utilized to, for example, fill and 
stabilize the cavity 66 in the vertebral body 4 (e.g., FIG. 8). 
Examples of Suitable materials may include bone cements 
(e.g. polymethyl methacrylate), human bone graft and Syn 
thetic derived bone substitutes. 

Additional Treatments 

0145. In addition, the preceding description is directed, for 
example, to treatment of vertebral fractures that includes a 
containment assembly 88 (e.g., FIG. 13) for cement contain 
ment and/or a balloon 58 (e.g., FIG. 37) for maintaining 
vertebral height. It should be understood that the present 
technique also may be used in other Suitable bone treatments 
were maintenance of vertebral height and/or cement contain 
ment may be desired. By way of example, embodiments of 
the present invention may be used to treat tibia plateau frac 
tures, distal radius fractures, and cancellous fractures. 
0146 While it is apparent that the invention disclosed 
herein is well calculated to fulfill the objects stated above, it 
will be appreciated that numerous modifications and embodi 
ments may be devised by those skilled in the art. 
What is claimed is: 
1. A method for treating bone, comprising: 
creating a cavity in the bone; 
introducing a first volume of filler material into a portion of 

the cavity; 
introducing a balloon disposed in an enclosure into the 

cavity before the filler material has substantially cured; 
inflating the balloon in the cavity; 
allowing the filler material to cure into a hardened mass; 
deflating the balloon; 
removing the balloon and the enclosure from the cavity; 

and 
introducing an additional volume of filler material into the 

cavity. 
2. The method of claim 1 wherein the bone is a vertebral 

body. 
3. The method of claim 2 wherein the cavity is created in 

the vertebral body through a pedicle. 
4. The method of claim 1 wherein threads hold the enclo 

sure over the balloon. 
5. The method of claim 1 wherein the enclosure includes a 

nose that fits over a nipple of the balloon. 
6. The method of claim 5 wherein the nose of the enclosure 

is bonded to the nipple of the balloon. 
7. The method of claim 1 wherein the enclosure is disposed 

on one end of a tube. 
8. The method of claim 7 wherein the balloon is disposed 

on one end of a catheter, the catheter being inserted into the 
tube such that balloon extends into the enclosure. 

9. The method of claim 1 wherein the enclosure has a vapor 
transmission rate of less than about 1 g/100 in/day. 

10. The method of claim 1 wherein inflating the balloon 
displaces at least a portion of the first volume of the filler 
material. 

11. A method for treating a bone, comprising: 
creating a first cavity in the bone; 
creating a second cavity in the bone; 
inflating a balloon in the first cavity, the balloon being 

disposed in an enclosure; 
introducing filler material into the second cavity while the 

balloon is inflated in the first cavity; 
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allowing the filler material in the second cavity to cure; 
deflating the balloon; 
removing the balloon and enclosure from the first cavity; 

and 
introducing filler material into the first cavity. 
12. The method of claim 11 wherein the bone is a vertebral 

body. 
13. The method of claim 11 wherein the first cavity and the 

second cavity are created through separate pedicles of the 
vertebral body. 

14. The method of claim 11 wherein inflating the balloon in 
the first cavity creates the first cavity in the bone. 

15. The method of claim 11 wherein the threads holds the 
enclosure over the balloon. 

16. The method of claim 11 wherein the enclosure includes 
a nose that is bonded to a nipple of the balloon. 

17. The method of claim 11 wherein the enclosure is dis 
posed on one end of a tube. 

18. The method of claim 17 wherein the balloon is disposed 
on one end of a catheter, the catheter being inserted into the 
tube such that balloon extends into the enclosure. 
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19. The method of claim 11 wherein the enclosure has a 
vapor transmission rate of less than about 1 g/100 in/day. 

20. A method for treating a vertebral body, comprising: 
creating a cavity in the vertebral body; 
introducing a first volume of bone cement into an anterior 

portion of the cavity; 
introducing a balloon disposed in a sleeve into the cavity 

before the bone cement has substantially cured; 
inflating the balloon in the cavity such that the balloon 

displaces at least a portion of the first volume of the bone 
cement, wherein the sleeve isolates the balloon from the 
bone cement; 

allowing the first volume of the filler material to cure to 
form a hardened mass in the cavity; 

deflating the balloon; 
removing the balloon and the sleeve from the cavity; and 
introducing an additional volume of filler material into the 

cavity. 


