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ABSTRACT 

Methods and devices for treating diseases and conditions that 
change the spacial relationship between the vertebral bodies 
and the intervertebral disks, or that cause instability of the 
vertebral column, or both, and a method and devices that 
allow the Surgeon to access the intervertebral space to restore 
a more normal three-dimensional configuration of the space, 
with or without additionally fusing two adjacent vertebrae. 
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TRANSPEDCULAR INTERVERTEBRAL 
DISKACCESS METHODS AND DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation-in-part of 
U.S. patent application Ser. No. 10/607,070, filed Jun. 25, 
2003, entitled “Transpedicular Intervertebral Disk Access 
Methods and Devices' and U.S. patent application Ser. No. 
10/606,409, filed Jun. 25, 2003, entitled “Transpedicular 
Intervertebral Disk Access Methods and Devices, which are 
both continuations of U.S. patent application Ser. No. 10/420, 
422, filed Apr. 22, 2003 entitled “Transpedicular Interverte 
bral Disk Access Methods and Devices, which, in turn, is a 
continuation of PCT patent application PCT/US03/09285, 
filed Mar. 25, 2003, entitled “Transpedicular Intervertebral 
Disk Access Methods And Devices,” that claims the benefit of 
U.S. provisional patent application No. 60/424.942, filed 
Nov. 8, 2002, entitled “Transpedicular Intervertebral Body 
Fusion.” which are all incorporated herein by reference in 
their entirety. 

BACKGROUND 

0002. The human vertebral bodies and intervertebral disks 
are subject to a variety of diseases and conditions that change 
the spacial relationship between the vertebral bodies and the 
intervertebral disks, causing pain, disability or both. Many of 
these diseases and conditions also cause instability of the 
Vertebral column. Among these diseases and conditions are 
degenerated, herniated, or degenerated and herniated inter 
vertebral disks, degenerative scoliosis, disk or vertebral body 
infections, space occupying lesions such as malignancies, 
spinal Stenosis, spondylosis, spondylolisthesis, and vertebral 
instability. Additionally, the vertebral bodies and interverte 
bral disks are Subject to injuries, including vertebral fractures 
due to trauma or osteoporosis, and to Surgical manipulations, 
that change the spacial relationship between the vertebral 
bodies and the intervertebral disks, causing pain, disability or 
both, and that cause instability of the vertebral column. 
0003 Surgical treatment of diseases and conditions affect 
ing the spacial relationship between the vertebral bodies and 
the intervertebral disks have traditionally involved open 
fusion procedures that include making a lengthy incision 
through the tissues overlying the spinous processes, thereby 
directly accessing the vertebrae to mechanically fuse two 
adjacent vertebrae. These procedures result in considerable 
post-operative pain and a significant incidence of post-opera 
tive morbidity, including infection. Further, traditional pro 
cedures do not allow the Surgeon to directly access the inter 
vertebral space to restore the more normal three-dimensional 
configuration of the space. 
0004. Therefore, there is a need for a new method for 
treating diseases and conditions that changes the spacial rela 
tionship between two vertebral bodies and the intervertebral 
disk between the two vertebral bodies, or that cause instabil 
ity of the vertebral column, or both, that is associated with less 
post-operative pain and a lower incidence of post-operative 
morbidity. Further, there is a need for a new method for 
treating diseases and conditions that change the spacial rela 
tionship between the vertebral bodies and the intervertebral 
disks, or that cause instability of the vertebral column, or 
both, that allows the surgeon to directly access the interver 
tebral space to mechanically fuse two adjacent vertebrae. 
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SUMMARY 

0005 According to one embodiment of the present inven 
tion, there is provided a flexible drill comprising a drilling tip, 
and capable of orienting the drilling tip at a predetermined 
position after accessing a material to be drilled through a 
Substantially straight passage having a long axis, where the 
predetermined position is at least 10° off of the long axis of 
the Substantially straight passage. In one embodiment, the 
flexible drill further comprises a lower sub-assembly con 
nected to an upper Sub-assembly, where the upper Sub-assem 
bly comprises the drilling tip. In another embodiment, the 
lower Sub-assembly comprises a spin luer lock, a retainer 
tube, a piston anchor, a piston level, a piston, a distal O-ring 
and a proximal O-ring, and the upper Sub-assembly further 
comprises a guiding tube, a barrel knob, a barrel, a threaded 
adapter, a liner, a bearing housing, a flexible shaft, a distal 
bearing, a proximal bearing, a collet, a bearing cap and a 
motor receptacle. In another embodiment, the upper Sub 
assembly comprises a guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment; and the guiding tube comprises a Substance 
that has been processed to return to a shape such that the distal 
segment has a radius of curvature Sufficient to cause the 
drilling tip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube is not subject to distortion. In 
another embodiment, the upper Sub-assembly comprises a 
guiding tube comprising a proximal segment having a central 
axis and a distal segment having a distal end, the drilling tip is 
connected to the distal end of the distal segment, and the 
guiding tube comprises a Substance that has been processed to 
return to a shape such that the predetermined position of the 
drilling tip is at least 10° off of the long axis of the substan 
tially straight passage. In another embodiment, the flexible 
drill further comprises a guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment, and the guiding tube comprises a Substance 
that has been processed to return to a shape where the distal 
segment has a radius of curvature Sufficient to cause the 
drilling tip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube is not subject to distortion. In 
another embodiment, the flexible drill further comprises a 
guiding tube comprising a proximal segment having a central 
axis and a distal segment having a distal end, the drilling tip is 
connected to the distal end of the distal segment, and the 
guiding tube comprises a Substance that has been processed to 
return to a shape such that the predetermined position of the 
drilling tip is at least 10° off of the long axis of the substan 
tially straight passage. In another embodiment, the flexible 
drill further comprises a guiding tip attached to the drilling 
tip. In another embodiment, the flexible drill further com 
prises an axial channel for accepting a guide wire. 
0006. According to another embodiment of the present 
invention, there is provided a flexible drill comprising a guid 
ing tube having a proximal segment having a central axis and 
a distal segment having a distal end, and a drilling tip is 
connected to the distal end of the distal segment, the guiding 
tube comprises a Substance that has been processed to return 
to a shape where the distal segment has a radius of curvature 
sufficient to cause the drilling tip at the end of the distal 
segment to orient at between about 10° and 150° off of the 
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central axis of the proximal segment when the guiding tube is 
not subject to distortion. In one embodiment, the flexible drill 
further comprises a guiding tip attached to the drilling tip. In 
another embodiment, the flexible drill further comprises an 
axial channel for accepting a guide wire. 
0007 According to another embodiment of the present 
invention, there is provided a flexible comprising a lower 
Sub-assembly connected to an upper Sub-assembly, the lower 
Sub-assembly comprises a spin luer lock, a retainer tube, a 
piston anchor, a piston level, a piston, a distal O-ring and a 
proximal O-ring, and the upper Sub-assembly comprises a 
drilling tip, guiding tube, a barrel knob, a barrel, a threaded 
adapter, a liner, a bearing housing, a flexible shaft, a distal 
bearing, a proximal bearing, a collet, a bearing cap and a 
motor receptacle, the guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment, and the guiding tube comprises a Substance 
that has been processed to return to a shape where the distal 
segment has a radius of curvature Sufficient to cause the 
drillingtip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube is not subject to distortion. In 
one embodiment, the flexible drill further comprises a guid 
ing tip attached to the drilling tip. In another embodiment, the 
flexible drill further comprises an axial channel for accepting 
a guide wire. 
0008 According to another embodiment of the present 
invention, there is provided a method of drilling a material 
comprising a) providing a flexible drill according to the 
present invention, b) advancing the drill through a Substan 
tially straight passage until the drilling tip accesses the mate 
rial to be drilled, thereby orienting the drilling tip at the 
predetermined position, and c) actuating the drill. In one 
embodiment, the method further comprises passing a guide 
wire through the drill either before actuating the flexible drill, 
after actuating the flexible drill, or both before and after 
actuating the flexible drill. In another embodiment, the mate 
rial to be drilled is selected from the group consisting of bone, 
cartilage and intervertebral disk. In another embodiment, the 
method further comprises inserting a sheath into the Substan 
tially straight passage before inserting the flexible drill and 
then inserting the flexible drill through the sheath. 
0009. According to one embodiment of the present inven 

tion, there is provided a flexible drill comprising a drilling tip, 
and capable of orienting the drilling tip at a predetermined 
position after accessing a material to be drilled through a 
Substantially straight passage having a long axis, where the 
predetermined position is at least 10° off of the long axis of 
the Substantially straight passage. In one embodiment, the 
flexible drill further comprises a lower sub-assembly con 
nected to an upper Sub-assembly, where the upper Sub-assem 
bly comprises the drilling tip. In another embodiment, the 
lower Sub-assembly comprises a spin luer lock, a retainer 
tube, a piston anchor, a piston level, a piston, a distal O-ring 
and a proximal O-ring, and the upper Sub-assembly further 
comprises a guiding tube, a barrel knob, a barrel, a threaded 
adapter, a liner, a bearing housing, a flexible shaft, a distal 
bearing, a proximal bearing, a collet, a bearing cap and a 
motor receptacle. In another embodiment, the upper Sub 
assembly comprises a guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment; and the guiding tube comprises a Substance 

Feb. 3, 2011 

that has been processed to return to a shape such that the distal 
segment has a radius of curvature Sufficient to cause the 
drilling tip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube is not subject to distortion. In 
another embodiment, the upper Sub-assembly comprises a 
guiding tube comprising a proximal segment having a central 
axis and a distal segment having a distal end, the drilling tip is 
connected to the distal end of the distal segment, and the 
guiding tube comprises a Substance that has been processed to 
return to a shape such that the predetermined position of the 
drilling tip is at least 10° off of the long axis of the substan 
tially straight passage. In another embodiment, the flexible 
drill further comprises a guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment, and the guiding tube comprises a Substance 
that has been processed to return to a shape where the distal 
segment has a radius of curvature Sufficient to cause the 
drilling tip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube is not subject to distortion. In 
another embodiment, the flexible drill further comprises a 
guiding tube comprising a proximal segment having a central 
axis and a distal segment having a distal end, the drilling tip is 
connected to the distal end of the distal segment, and the 
guiding tube comprises a Substance that has been processed to 
return to a shape such that the predetermined position of the 
drilling tip is at least 10° off of the long axis of the substan 
tially straight passage. In another embodiment, the flexible 
drill further comprises a guiding tip attached to the drilling 
tip. In another embodiment, the flexible drill further com 
prises an axial channel for accepting a guide wire. 
0010. According to another embodiment of the present 
invention, there is provided a flexible drill comprising a guid 
ing tube having a proximal segment having a central axis and 
a distal segment having a distal end, and a drilling tip is 
connected to the distal end of the distal segment, the guiding 
tube comprises a Substance that has been processed to return 
to a shape where the distal segment has a radius of curvature 
sufficient to cause the drilling tip at the end of the distal 
segment to orient at between about 10° and 150° off of the 
central axis of the proximal segment when the guiding tube is 
not subject to distortion. In one embodiment, the flexible drill 
further comprises a guiding tip attached to the drilling tip. In 
another embodiment, the flexible drill further comprises an 
axial channel for accepting a guide wire. 
0011. According to another embodiment of the present 
invention, there is provided a flexible comprising a lower 
Sub-assembly connected to an upper Sub-assembly, the lower 
Sub-assembly comprises a spin luer lock, a retainer tube, a 
piston anchor, a piston level, a piston, a distal O-ring and a 
proximal O-ring, and the upper Sub-assembly comprises a 
drilling tip, guiding tube, a barrel knob, a barrel, a threaded 
adapter, a liner, a bearing housing, a flexible shaft, a distal 
bearing, a proximal bearing, a collet, a bearing cap and a 
motor receptacle, the guiding tube comprising a proximal 
segment having a central axis and a distal segment having a 
distal end, the drilling tip is connected to the distal end of the 
distal segment, and the guiding tube comprises a Substance 
that has been processed to return to a shape where the distal 
segment has a radius of curvature Sufficient to cause the 
drilling tip at the end of the distal segment to orient at between 
about 10° and 150° off of the central axis of the proximal 
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segment when the guiding tube is not subject to distortion. In 
one embodiment, the flexible drill further comprises a guid 
ing tip attached to the drilling tip. In another embodiment, the 
flexible drill further comprises an axial channel for accepting 
a guide wire. 
0012. According to another embodiment of the present 
invention, there is provided a method of drilling a material. 
The method comprises, a) providing a flexible drill according 
to the present invention, b) advancing the drill through a 
Substantially straight passage until the drilling tip accesses 
the material to be drilled, thereby orienting the drilling tip at 
the predetermined position, and c) actuating the drill. In one 
embodiment, the method further comprises passing a guide 
wire through the drill either before actuating the flexible drill, 
after actuating the flexible drill, or both before and after 
actuating the flexible drill. In another embodiment, the mate 
rial to be drilled is selected from the group consisting of bone, 
cartilage and intervertebral disk. In another embodiment, the 
method further comprises inserting a sheath into the Substan 
tially straight passage before inserting the flexible drill and 
then inserting the flexible drill through the sheath. 
0013. According to another embodiment of the present 
invention, there is provided a method of drilling a material, 
comprisinga) providing a drill according to the present inven 
tion, b) advancing the flexible drill under distortion into the 
material, c) removing the distortion from the flexible drill, d) 
actuating the flexible drill. In one embodiment, the method 
further comprises passing a guide wire through the flexible 
drill either before actuating the flexible drill, after actuating 
the flexible drill, or both before and after actuating the flexible 
drill. In another embodiment, the material to be drilled is 
selected from the group consisting of bone, cartilage and 
intervertebral disk. 

0014. According to another embodiment of the present 
invention, there is provided a cutting device comprising a 
blade connected to the distal end of a flexible shaft, where the 
cutting device can be inserted into a material to be cut after 
accessing the material through a channel comprising a Sub 
stantially straight proximal section having a long axis and a 
distal section having along axis, and the long axis of the distal 
section is curved, or where the long axis of the distal section 
is substantially straight but varies at least about 10° off of the 
long axis of the proximal section. In one embodiment, the 
blade pivots from a first, insertion position to a second, cut 
ting position. In another embodiment, the cutting device fur 
ther comprises a locking sleeve Surrounding at least part of 
the flexible shaft, the blade has one or more than one notch, 
the locking sleeve can be advanced distally and retracted 
proximally, and advancement distally causes the locking 
sleeve to engage with the one or more than one notch, thereby 
locking the blade into the cutting position, and retraction 
proximally causes the locking sleeve to disengage from the 
one or more than one notch, thereby unlocking the blade from 
the cutting position. In another embodiment, the cutting 
device further comprises a sheath having a beveled distal end 
and surrounding at least part of the flexible shaft, the flexible 
shaft can be advanced distally and retracted proximally rela 
tive to the sheath, and retraction proximally of the flexible 
shaft causes the blade to disengage from the locking sleeve 
and pivot to the insertion position. In another embodiment, 
the blade has a circumferential cutting edge. In another 
embodiment, the cutting device further comprises a proximal 
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end comprising a motor adapter for connecting the cutting 
device to a motor drive, and a distal end, where the blade is 
attached. 

0015. According to another embodiment of the present 
invention, there is provided a cutting device comprising a) a 
pivoting blade connected to the distal end of a flexible shaft, 
and b) a locking sleeve Surrounding at least part of the flexible 
shaft, the blade pivots from a first, insertion position to a 
second, cutting position, where the blade has one or more than 
one notch, where the locking sleeve can be advanced distally 
and retracted proximally, and where advancement distally 
causes the locking sleeve to engage with the one or more than 
one notch, thereby locking the blade into the cutting position, 
and retraction proximally causes the locking sleeve to disen 
gage from the one or more than one notch, thereby unlocking 
the blade from the cutting position. In one embodiment, the 
cutting device comprising further comprises a sheath having 
a beveled distal end and Surrounding at least part of the 
flexible shaft, where the flexible shaft can be advanced dis 
tally and retracted proximally relative to the sheath, and 
where retraction proximally of the flexible shaft causes the 
blade to disengage from the locking sleeve and pivot to the 
insertion position. In one embodiment, the cutting device can 
be inserted into a material to be cut after accessing the mate 
rial through a channel comprising a Substantially straight 
proximal section having a long axis and a distal section hav 
ing a long axis, and the long axis of the distal section is 
curved, or where the long axis of the distal section is substan 
tially straight but varies at least about 10° off of the long axis 
of the proximal section. In another embodiment, the blade has 
a circumferential cutting edge. In another embodiment, the 
cutting device further comprises a proximal end comprising a 
motor adapter for connecting the cutting device to a motor 
drive, and a distal end, where the blade is attached. 
0016. According to another embodiment of the present 
invention, there is provided a method of cutting a material 
comprising a) providing the cutting device of the present 
invention, b) inserting the cutting device into the material 
after accessing the material through a channel comprising a 
Substantially straight proximal section having along axis and 
a distal section having along axis, and c) actuating the cutting 
device, where the long axis of the distal section is curved, or 
where the long axis of the distal section is substantially 
straight but varies at least about 10° off of the long axis of the 
proximal section. In one embodiment, the method further 
comprises advancing and retracting the cutting device within 
the material. In another embodiment, the method further 
comprises inserting a sheath into the channel before inserting 
the cutting device, and inserting the cutting device through 
the sheath. 

0017. According to another embodiment of the present 
invention, there is provided a method of cutting a material 
comprising a) providing the cutting device of the present 
invention, b) inserting the cutting device into the material, c) 
advancing the locking sleeve distally to engage with the one 
or more than one notch, thereby locking the blade into the 
cutting position, d) actuating the cutting device, e) deactuat 
ing the cutting device, f) retracting the locking sleeve proxi 
mally to disengage from the one or more than one notch, 
thereby unlocking the blade from the cutting position, and g) 
removing the cutting device from the material. In one 
embodiment, inserting the cutting device comprises advanc 
ing the cutting device through a channel comprising a Sub 
stantially straight proximal section having a long axis and a 
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distal section having along axis, and the long axis of the distal 
section is curved, or where the long axis of the distal section 
is substantially straight but varies at least about 10° off of the 
long axis of the proximal section. In another embodiment, he 
method further comprises advancing and retracting the cut 
ting device within the material. In another embodiment, the 
method further comprises inserting a sheath into the channel 
before inserting the cutting device, and inserting the cutting 
device through the sheath. 
0018. According to another embodiment of the present 
invention, there is provided an enucleation device. The 
enucleation device comprises a proximal end, a distal end 
comprising a cutting cap comprising a plurality of deform 
able blades, and a shaft between the proximal end and the 
cutting cap, where the plurality of deformable blades can cut 
material in a space when the blades not deformed, after 
accessing the space through a passage while the blades are 
deformed, and where the passage has a smaller cross-sec 
tional area than the lateral cross-sectional area of the unde 
formed blades while the blades are cutting the material. 
0019. In one embodiment, the shaft is flexible. In another 
embodiment, the enucleation further comprises an axial 
guidewire lumen between the proximal end and the distal end. 
0020. According to another embodiment of the present 
invention, there is provided a method of cutting material in a 
space. The method comprises a) providing an enucleation 
according to the present invention, b) accessing the space 
with the enucleation device, and c) actuating the device, 
thereby effecting cutting of the material. In one embodiment, 
the method further comprises deforming the blades before 
actuating the device, and accessing the space through a pas 
sage while the blades are deformed, where the passage has a 
Smaller cross-sectional area than the lateral cross-sectional 
area of the undeformed blades while the blades are cutting the 
material. In another embodiment, the passage is curved. In 
another embodiment, the method further comprises advanc 
ing and retracting the cutting device in the space to cut addi 
tional material. In another embodiment, accessing the space 
comprises advancing the cutting device over a guide wire. In 
another embodiment, the material cut is selected from the 
group consisting of intervertebral disk and vertebral body 
endplate material. In another embodiment, accessing the 
space comprises advancing the enucleation device through a 
transpedicular access passage in a vertebra. 
0021. According to another embodiment of the present 
invention, there is provided a method of cutting material in a 
space. The method comprises a) providing the enucleation 
device of claim 44, b) creating a passage to access the space, 
c) deforming the blades to fit through the passage, d) advanc 
ing the enucleation device through the passage until the cut 
ting cap passes into the space, thereby allowing the blades to 
expand to their undeformed shape, and e) actuating the 
enucleation device, thereby effecting cutting of the material, 
where the passage has a smaller cross-sectional area than the 
lateral cross-sectional area of the undeformed blades while 
the blades are cutting the material. In one embodiment, the 
method, further comprises advancing and retracting the cut 
ting device in the space to cut additional material. In another 
embodiment, advancing the cutting device through the pas 
sage comprises advancing the cutting device over a guide 
wire. In another embodiment, the passage is curved. In 
another embodiment, thematerial cut is intervertebral disk. In 
another embodiment, the material cut is vertebral body end 
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plate material. In another embodiment, the passage is a trans 
pedicular access passage in a vertebra. 
0022. According to another embodiment of the present 
invention, there is provided a fusion agent containment 
device for containing a fusion agent comprising a band or 
mesh of thin, biocompatible, deformable material having 
shape memory configured to expand into a substantially cir 
cular or oval shape when undeformed. In one embodiment, 
the fusion agent containment further comprises a biocompat 
ible sealant coating the band. 
0023. According to another embodiment of the present 
invention, there is provided a method of fusing two adjacent 
Vertebrae comprising a) creating a chamber within the inter 
vertebral disk space between two adjacent vertebrae, b) pro 
viding a fusion agent containment device according to the 
present invention, c) placed the fusion agent containment 
device within the chamber, thereby allowing the fusion agent 
containment device to expand, d) filling the fusion agent 
containment device with a fusion agent, and e) allowing the 
fusion agent to fuse the two adjacent vertebrae. In one 
embodiment, the method further comprises additionally fus 
ing the two adjacent vertebrae with a second procedure. 
0024. According to another embodiment of the present 
invention, there is provided a distraction system for distract 
ing two adjacent vertebrae comprising a) an introducer com 
prising a proximal insertion portion and a distal anchoring 
portion comprising a plurality of barbs, and b) a plurality of 
deformable, spacing components, where each spacing com 
ponent has a central opening and a plurality of extensions, and 
each spacing component configured to stack onto the inser 
tion portion of the introducer. In one embodiment, the plural 
ity of extensions is selected from the group consisting of three 
extensions and four extensions. 
0025. According to another embodiment of the present 
invention, there is provided a distraction system for distract 
ing two adjacent vertebrae comprisinga) a proximal connect 
ing portion, b) a distal distracting portion comprising a plu 
rality of strips, each strip is deformable from an extended 
configuration to a curled configuration, each Strip has a proxi 
mal end and a distal end, the proximal ends of the Strips are 
joined to the proximal connecting portion connected at their 
proximal end to the proximal connecting portion. In one 
embodiment, the proximal connecting portion comprises 
mesh. In another embodiment, each strip tapers from the 
proximal end to the distal end. 
0026. According to another embodiment of the present 
invention, there is provided a distraction system for distract 
ing two adjacent vertebrae comprising a) a barbed plug hav 
ing a central axis and comprising a central portion and a 
plurality of barbs, b) a ratchet device having a central axis and 
comprising a series of transversely separated Strips connected 
at one end, where the barbs extend outward from the axial 
center of the barbed plug when undeformed, and contract 
toward the axial center of the barbed plug when deformed, 
and where the strips uncoil away from the central axis of the 
ratchet device when undeformed, and contract toward the 
axial center of the ratchet device when deformed. 
0027. According to another embodiment of the present 
invention, there is provided a method of distracting a Superior 
Vertebra from an inferior vertebra comprisinga) providing the 
distraction system according to the present invention, b) cre 
ating a chamber between the superior vertebra and the inferior 
Vertebra, c) placing the distraction system in the chamber, 
thereby distracting the superior vertebra from an inferior 
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Vertebra. In one embodiment, placing the distraction system 
is performed bilaterally. In another embodiment, placing the 
distraction system comprises placing the distraction system 
through a channel created through the pedicle of the Superior 
Vertebra. In another embodiment, placing the distraction sys 
tem comprises placing the distraction system through a 
sheath or hypotube, within a channel created through the 
pedicle of the superior vertebra. 
0028. According to another embodiment of the present 
invention, there is provided a method for treating diseases and 
conditions that change the spacial relationship between a first 
vertebral body of a first vertebra, a second vertebral body of a 
second vertebra adjacent the first vertebra, and a first inter 
vertebral disk between the first vertebral body and the second 
vertebral body, or that cause instability of the vertebral col 
umn, or both, and a method that allows the Surgeon to access 
the first intervertebral disk to restore a more normal three 
dimensional configuration of the first intervertebral disk 
between the first vertebral body and the second vertebral 
body, the method comprisinga) selecting a patient, b) obtain 
ing transpedicular access to the first intervertebral disk by 
creating a channel through a pedicle of the first vertebra, and 
c) removing at least part of the first intervertebral disk through 
the transpedicular access. In one embodiment, the patient 
selected has one or more than one change in the spacial 
relationship between the first vertebral body of the first ver 
tebra, the second vertebral body of the second vertebra adja 
cent the first vertebral body, and the first intervertebral disk 
between the first vertebral body and the second vertebral 
body, and the change in the spacial relationship causes one or 
more than one symptom selected from the group consisting of 
pain, numbness and loss of function, or where the change in 
the spacial relationship causes real or potential instability, or 
a combination of the preceding. In another embodiment, the 
patient has one or more than one disease or condition selected 
from the group consisting of degeneration of the first inter 
vertebral disk, herniation of the first intervertebral disk, 
degeneration and herniation of the first intervertebral disk, 
degenerative scoliosis, an infection of the first intervertebral 
disk, an infection of the first vertebral body, an infection of the 
second vertebral body, a space occupying lesions, spinal 
Stenosis, spondylosis, spondylolisthesis, Vertebral instability, 
a vertebral fracture, and a Surgical manipulation of the verte 
bral column. In another embodiment, obtaining transpedicu 
lar access to the first intervertebral disk is accomplished bilat 
erally. In another embodiment, obtaining transpedicular 
access to the first intervertebral disk comprises inserting a 
bone biopsy needle through one pedicle of the first vertebra to 
create the channel. In another embodiment, obtaining trans 
pedicular access to the first intervertebral disk comprises 
inserting a non-flexible bone drill through one pedicle of the 
first vertebra to create or enlarge the channel. In another 
embodiment, the method further comprises inserting a sheath 
into the channel. In another embodiment, the method further 
comprises inserting a retainer tube into the channel. In 
another embodiment, the method further comprises inserting 
a first flexible drill through the channel and actuating the 
flexible drill, thereby extending the channel through the first 
vertebral body and into the intervertebral disk. In another 
embodiment, the first flexible drill is a flexible drill according 
to the present invention. In one embodiment, the method 
further comprises inserting a second flexible drill through the 
channel and actuating the flexible drill, thereby enlarging the 
channel. In another embodiment, the second flexible drill is a 
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flexible drill according to the present invention. In another 
embodiment, the method further comprises inserting a 
guidewire into the channel for use as a Support structure. In 
another embodiment, the method further comprises perform 
ing at least part of the method using an over-the-wire tech 
nique. In another embodiment, the method further comprises 
removing at least part of the first intervertebral disk using a 
cutting device. In one embodiment, the cutting device is a 
cutting device according to the present invention. In another 
embodiment, the method further comprises removing at least 
part of the first intervertebral disk using an enucleation 
device. In one embodiment, the enucleation device is an 
enucleation device according to the present invention. In one 
embodiment, the method further comprises removing at least 
part of an endplate of the first vertebral body or an endplate of 
the second vertebral body. In one embodiment, the method 
further comprises inserting a fusion agent containment device 
into the intervertebral disk, and at least partly filling the 
fusion agent containment device with a fusion agent. In one 
embodiment, the fusion agent containment device is a fusion 
agent containment device according to the present invention. 
In another embodiment, the method further comprises insert 
ing a distraction system into the intervertebral disk, and 
allowing the distraction system to distract the first vertebral 
body from the second vertebral body. In one embodiment, the 
distraction system is a distraction system according to the 
present invention. In one embodiment, the method further 
comprises fusing the first vertebra to the second vertebra 
through the transpedicular access. In another embodiment, 
there is provided a method of fusing a first vertebra to a 
second vertebra comprising a) performing a method of the 
present invention, b) fusing the first vertebra to the second 
Vertebra through the transpedicular access, and c) performing 
a second fusion procedure to fuse the first vertebra to the 
second vertebra. In one embodiment, the method further 
comprises removing, through the transpedicular access, at 
least part of a second intervertebral disk between the second 
vertebral body and a third vertebral body adjacent to the 
second vertebral body. 

FIGURES 

0029. These and other features, aspects and advantages of 
the present invention will become better understood from the 
following description, appended claims, and accompanying 
figures where: 
0030 FIG. 1 is a lateral perspective view of a bone drill 
according to one embodiment of the present invention, with 
the distal drilling end in the insertion position; 
0031 FIG. 2 is a lateral perspective view of the bone drill 
shown in FIG. 1, with the distal drilling end in the drilling 
position; 
0032 FIG.3 is an exploded, lateral perspective view of the 
lower sub-assembly of the bone drill as shown in FIG. 1; 
0033 FIG. 4 is an exploded, lateral perspective view of the 
upper sub-assembly of the bone drill as shown in FIG. 1; 
0034 FIG. 5 is a lateral perspective views of several indi 
vidual components of the bone drill as shown in FIG. 1; 
0035 FIG. 6 is a lateral perspective view of an optional 
guiding tip that can be used with the bone drill as shown in 
FIG. 1: 
0036 FIG. 7 is a lateral perspective view of a cutting 
device according to one embodiment of the present invention 
with the distal end in the cutting position; 
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0037 FIG. 8 is a cutaway, lateral perspective view of the 
cutting device shown in FIG. 7 with the distal end in the 
insertion position; 
0038 FIG. 9 is a close-up, partial, cutaway, lateral per 
spective view of the distal end of the cutting device shown in 
FIG. 7 with the distal end in the insertion position; 
0039 FIG. 10 is a close-up, partial, cutaway, lateral per 
spective view of the distal end of the cutting device shown in 
FIG.7; 
0040 FIG. 11 is a lateral perspective view of an enucle 
ation according to one embodiment of the present invention 
with the blades in the insertion position; 
0041 FIG. 12 is a lateral perspective view of the enucle 
ation device shown in FIG. 11, with the blades in the cutting 
position; 
0042 FIG. 13 is an enlarged, lateral perspective view of 
the distal end of the enucleation device shown in FIG. 12; 
0043 FIG. 14 is an exploded, lateral perspective view of 
the enucleation device shown in FIG. 12; 
0044 FIG. 15 shows both a lateral perspective view (left) 
and a top perspective view (right) of a fusion agent contain 
ment device according to one embodiment of the present 
invention in a deformed configuration; 
0045 FIG.16 shows both a lateral perspective (left) and a 
top perspective view (right) of the fusion agent containment 
shown in FIG. 15 in an undeformed configuration: 
0046 FIG. 17 shows both a lateral perspective (left) and a 
top perspective view (right) of another fusion agent contain 
ment device according to one embodiment of the present 
invention in a deformed configuration; 
0047 FIG. 18 shows both a lateral perspective (left) and a 
top perspective view (right) of the fusion agent containment 
shown in FIG. 17 in an undeformed configuration: 
0.048 FIG. 19 shows an isolated section of wire that forms 
the fusion agent containment shown in FIG. 17 and FIG. 18. 
0049 FIG.20 is a lateral perspective view of an introducer 
of a distraction system according to one embodiment of the 
present invention; 
0050 FIG. 21 is a lateral perspective view (left) and a top 
perspective view (right) of one embodiment of a spacing 
component of the distraction system including the introducer 
shown in FIG. 20; 
0051 FIG.22 is a lateral perspective view (left) and a top 
perspective view (right) of one embodiment of another spac 
ing component of the distraction system including the intro 
ducer shown in FIG. 20; 
0052 FIG. 23 is a lateral perspective view of another dis 
traction system according to the present invention in the 
undeformed configuration; 
0053 FIG. 24 is a lateral perspective view of the distrac 
tion system shown in FIG. 23 in the deformed configuration; 
0054 FIG. 25 is a lateral perspective view of the barbed 
plug of another distraction system according to the present 
invention in the deformed configuration (left) and in the unde 
formed configuration (right); 
0055 FIG. 26 is a top perspective view (left) and a lateral 
perspective view (right) of the ratchet device of the distraction 
system including the barbed plug shown in FIG. 25 in the 
deformed configuration; 
0056 FIG. 27 is a top perspective view (left) and a lateral 
perspective view (right) of the ratchet device of the distraction 
system including the barbed plug shown in FIG. 25 in the 
undeformed configuration; 
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0057 FIG. 28 through FIG.45 are partial, cutaway, lateral 
perspective views illustrating some aspects of the method of 
the present invention for treating diseases and conditions that 
change the spacial relationship between two vertebral bodies 
and the intervertebral disk, or that cause instability of the 
Vertebral column, or both, according to the present invention; 
0058 FIG. 46 through FIG. 54 are partial, cutaway, lateral 
perspective views illustrating some aspects of one embodi 
ment of the method of the present invention as performed on 
a first vertebral body of a first vertebra, a second vertebral 
body of a second vertebra, an intervertebral disk between the 
first vertebral body and second vertebral body, a third verte 
bral body of a third vertebra and an intervertebral disk 
between the second vertebral body and third vertebral body; 
0059 FIG.55 A-D are various views of a cutter head in 
accordance with some embodiments of the invention; 
0060 FIG. 56 is a lateral perspective view of a cutting 
device with a retracted cutting head in accordance with some 
embodiments of the invention; and 
0061 FIG. 57 is a lateral perspective vie of a cutting 
device with an expanded cutting head in accordance with 
Some embodiments of the invention. 

DESCRIPTION 

0062. In one embodiment of the present invention, there is 
provided a method for treating diseases and conditions that 
change the spacial relationship between the vertebral bodies 
and the intervertebral disks, or that cause instability of the 
vertebral column, or both, that is associated with less post 
operative pain and a lower incidence of post-operative mor 
bidity than traditional Surgical treatments. In another embodi 
ment, there is provided a method for treating diseases and 
conditions that change the spacial relationship between the 
vertebral bodies and the intervertebral disks, or that cause 
instability of the vertebral column, or both, that allows the 
Surgeon to access the intervertebral space to restore a more 
normal three-dimensional configuration of the space, with or 
without additionally fusing two adjacent vertebrae. 
0063. In another embodiment of the present invention, 
there is provided a plurality of devices that can be used with 
the methods of the present invention for treating diseases and 
conditions that change the spacial relationship between the 
vertebral bodies and the intervertebral disks, or that cause 
instability of the vertebral column, or both, that allows the 
Surgeon to access the intervertebral space to restore a more 
normal three-dimensional configuration of the space, with or 
without additionally fusing two adjacent vertebrae, or that 
can be used for other purposes. The devices and method of the 
present invention will now be disclosed in detail. 
0064. As used in this disclosure, the term “intervertebral 
disk’ comprises both a normal intact intervertebral disk, as 
well as a partial, diseased, injured or damaged intervertebral 
disk, a disk that has been partly macerated and empty space 
surrounded by the remnants of a normal intervertebral disk. 
0065. As used in this disclosure, the term “substantially 
straight passage” means a channel in a material where the 
channel has a central long axis varying less than 10° from 
beginning to end. 
0066. As used in this disclosure, the term "curved pas 
Sage' means a channel in a material where the channel has a 
central long axis varying more than 10° from beginning to 
end. 
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0067. As used in this disclosure, the term “comprise' and 
variations of the term, such as "comprising and "comprises.” 
are not intended to exclude other additives, components, inte 
gers or Steps. 
0068 All dimensions specified in this disclosure are by 
way of example only and are not intended to be limiting. 
Further, the proportions shown in these Figures are not nec 
essarily to scale. As will be understood by those with skill in 
the art with reference to this disclosure, the actual dimensions 
of any device or part of a device disclosed in this disclosure 
will be determined by intended use. 
0069. In one embodiment, the present invention is a flex 
ible drill comprising a flexible drilling tip, and capable of 
orienting the flexible drilling tip at a predetermined position 
after accessing a material to be drilled through a Substantially 
straight passage having a long axis, where the predetermined 
position is at least 10° off of the long axis of the substantially 
straight passage. The flexible drill can drill through a wide 
variety of materials, including bone, cartilage and interverte 
bral disk, but can also be used to drill through other materials, 
both living and nonliving, as will be understood by those with 
skill in the art with reference to this disclosure. Referring now 
to FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG.5 and FIG. 6, there are 
shown respectively, a lateral perspective view of the flexible 
drill with the distal drilling end in the insertion position; a 
lateral perspective view of the flexible drill with the distal 
drilling end in the flexible drilling position; an exploded, 
lateral perspective view of the lower sub-assembly of the 
flexible drill; an exploded, lateral perspective view of the 
upper subassembly of the flexible drill; lateral perspective 
views of several individual components of the flexible drill; 
and a lateral perspective view of an optional guiding tip that 
can be used with the bone drill. 

0070. As can be seen, the flexible drill 100 comprises a 
lower sub-assembly 102 and an upper sub-assembly 104. 
Referring now to FIG.1, FIG.2 and, particularly to FIG.3 and 
FIG. 5, the lower sub-assembly 102 comprises seven compo 
nents, distally to proximally, as follows: a spin luer lock 106, 
a retainer tube 108, a piston anchor 110, a piston level 112, a 
piston 114, a distal O-ring 116 and a proximal O-ring 118. 
The spin luer lock 106 comprises molded nylon or an equiva 
lent material, and is used to lock the flexible drill 100 to a 
sheath lining a passage where the flexible drill is to be 
inserted, and thereby, assists in maintaining stability of the 
flexible drill 100 during operation. The retainer tube 108 
comprises stainless steel or an equivalent material, is prefer 
ably between about 125 mm and 150 mm in axially length, 
and preferably has an inner diameter of between about 4 and 
4.5 mm. The piston anchor 110 comprises stainless steel oran 
equivalent material, and preferably, has a barbat the distalend 
(not shown) to snap fit over the spin luer lock 106. The piston 
level 112 comprises machined nylon or an equivalent mate 
rial, and preferably, has a direction indicator 120 at one end, 
as shown. The piston 114 comprises machined nylon or an 
equivalent material, has a distal groove 120 and a proximal 
grove 124 for mating with the distal O-ring 116 and the 
proximal O-ring 118, respectively, and has a slot 126 for 
mating with a set screw (not shown) passing through a hole 
128 in the barrel 136. The slot 126 and corresponding set 
screw allow precise positioning of the flexible drill 100 in the 
material to be drilled and also limit the extent of retraction of 
the flexible drilling tip so that the flexible drilling tip enters 
the retainer tube 108. In another embodiment, the slot 126 is 
formed as an oval opening in the retainer tube 108 and the key 
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is formed from a corresponding oval block in the guiding tube 
having a smaller inner circumference. Preferably, the piston 
114 has an inner diameter between about 6 mm and about 13 
mm. The distal O-ring 116 and the proximal O-ring 118 
comprise silicone or an equivalent material, and allow the 
barrel 136 and piston 114 to move axially relative to one 
another. 

(0071 Referring now to FIG. 1, FIG. 2 and, particularly to 
FIG. 4 and FIG. 5, the upper sub-assembly 104 comprises 
thirteen components, distally to proximally, as follows: a 
flexible drilling tip 130, a guiding tube 132, a barrel knob 134, 
a barrel 136, a threaded adapter 138, a liner 140, a bearing 
housing 142, a flexible shaft 144, a distal bearing 146, a 
proximal bearing 148, a collet 150, a bearing cap 152 and a 
motor receptacle 154. The flexible drilling tip 130 comprises 
stainless steel oran equivalent material, is preferably between 
about 3 mm and 5 mm in maximum lateral diameter. The 
flexible drilling tip 130 comprises a hardened burrand a shaft, 
such as available from Artco, Whittier, Calif. US, or a custom 
made equivalent burr in stainless steel. The shaft is cut to an 
appropriate size by grinding down the proximal end. The 
dimensions of the flexible drilling tip 130 will vary with the 
intended use as will be understood by those with skill in the 
art with reference to this disclosure. By example only, in a 
preferred embodiment, the burr is between about 2.5 mm and 
3 mm in axial length, and the shaft is between about 2.5 mm 
and 4 mm in length. 
0072 The guiding tube 132 has a proximal segment 156 
and a distal segment 158, and comprises a Substance, such as 
shaped metal alloy, for example initinol, that has been pro 
cessed to return to a shape where the distal segment 158 has 
a radius of curvature sufficient to cause the flexible drilling tip 
130 at the end of the distal segment 158 to orient at between 
about 10° and 150° off of the central axis of the proximal 
segment when the guiding tube 132 is not subject to distor 
tion. Preferably, the guiding tube 132 has an outer diameter of 
between about 2 mm and 4 mm. The dimensions of the 
guiding tube 132 are determined by the intended application 
of the flexible drill 100. By way of example only, the guide 
tube has the following dimensions. In a preferred embodi 
ment, the outer diameter of the guiding tube 132 is less than 
about 2.8 mm. In a particularly preferred embodiment, the 
inner diameter of the guiding tube 132 is greater than about 
1.6 mm. In a preferred embodiment, length of the guiding 
tube 132 is at least about 200 and 250 mm. In a preferred 
embodiment, the straight proximal segment is between about 
150 mm and 200 mm. In a preferred embodiment, the distal 
segment 158 is between about 40 mm and 60 mm. In a 
preferred embodiment, the radius of curvature of the distal 
segment 158, without distortion, is between about 10 mm and 
40 mm. In a particularly preferred embodiment, the radius of 
curvature of the distal segment 158, without distortion, is 
about 25 mm. 

0073. The barrel knob 134 comprises machined nylon or 
an equivalent material, and has a hole 160 to mate with a 
dowel pin (not shown). Advancing and retracting the barrel 
knob 134 with respect to the piston level 112 causes the 
flexible drilling tip 130 to advance and retract in the material 
being drilled. Once drilling is completed, actuation of the 
flexible drill 100 is stopped, the barrel knob 134 is retracted 
with respect to the piston level 112 causing the flexible drill 
ing tip 130 to retract into the retainer tube 108, and the flexible 
drill 100 is removed from the substantially straight passage. 
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0074 The barrel 136 comprises machined nylon or an 
equivalent material, and preferably, has an outer diameter of 
between about 12 mm and 18 mm, and an axial length of 
between about 754 mm and 125 mm. The threaded adapter 
138 comprises stainless steel, or an equivalent material, and is 
used to attach the barrel 136 to the guiding tube 132. The liner 
140 comprises polytetrafluoroethylene (such as TEFLONR) 
or an equivalent material. The liner 140 is placed between the 
flexible shaft 144 and the guiding tube 132, and thus, has an 
outer diameter Smaller than the inner diameter of the guiding 
tube 132, and an inner diameter larger than the outer diameter 
of the flexible shaft 144. In a preferred embodiment, by way 
of example only, the outer diameter of the liner 140 is between 
about 0.075 mm and 0.125 mm less than the inner diameter of 
the guiding tube 132. The liner 140 is between about 25 mm 
and 40 mm shorter than the guiding tube 132. 
0075. The bearing housing 142 comprises machined nylon 
or an equivalent material, is configured to house the distal 
bearing 146, and has a fine interior circumferential thread to 
mate with the threaded adapter 138, thereby allowing an 
operator to adjust the tension of the flexible shaft 144. 
0076. The flexible shaft 144 comprises a flexible, solid 
tubular structure. The flexible shaft 144 comprises stainless 
steel wire oran equivalent material, and has an outer diameter 
smaller than the inner diameter of the liner 140. By example 
only, in a preferred embodiment, the flexible shaft 144 com 
prises 7 bundles of wire with 19 strands of 0.066 mm wire per 
bundle. Also by example only, in another preferred embodi 
ment, the flexible shaft 144 comprises four layers of closely 
braided wire having a diameter of between about 0.05 mm 
and 0.06 mm over a single core wire of not more than about 
0.25 mm in diameter. The first layer comprises a single wire, 
the second layer comprises two wires, the third layer com 
prises three wires and the fourth layer comprises four wires. 
Also by example only, in a preferred embodiment, the cable 
comprises two layers of wire coaxial and reversibly wound to 
a single core wire, available as part number FS 045NO42C 
from PAK Mfg., Inc., Irvington, N.J. US. The ends of the wire 
are soldered or welded to prevent unraveling. The flexible 
shaft 144 has an outer diameter of between about 1 mm and 
about 2.3 mm smaller than the inner diameter of the liner 140. 
The flexible shaft 144 has an axial length of about 250 mm to 
300 mm. 

0077. The distal bearing 146 and the proximal bearing 148 
comprise stainless steel or an equivalent material. The collet 
150 comprises machined stainless steel or an equivalent 
material. The bearing cap 152 comprises machined nylon or 
an equivalent material, and is configured to house the proxi 
mal bearing 148. The motor receptacle 154 comprises 
machined nylon or an equivalent material, and has an outer 
diameter of between about 25 mm and 30. The motor recep 
tacle 154 allows a motor to be easily mated with the flexible 
drill 100. Preferably, the motor receptacle 154 has four win 
dows 162, as shown, to ensure the chuck of the motor (not 
shown) driving the flexible drill 100 is engaged with the collet 
150. 

0078 Referring now to FIG. 6, in another embodiment, 
the upper sub-assembly 104 of the flexible drill 100 further 
comprises a guiding tip 164 attached to the guiding tube 132, 
Such as by soldering, just proximal to the flexible drilling tip 
130. The guiding tip 164 comprises a proximal tubular section 
166 and a distal flared section 168. The guiding tip 164, when 
present, assists translating the flexible drillingtip 130 forward 
during drilling. The guiding tip 164 comprises a hard, bio 
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compatible material. Such as by way of example only, hard 
ened stainless steel. The dimensions of the guiding tip 164 
will vary with the intended use as will be understood by those 
with skill in the art with reference to this disclosure. By 
example only, in a preferred embodiment, the proximal tubu 
lar section 166 is between about 3.5 mm and 4 mm in axial 
length, and the distal flared section 168 is between about 2.4 
mm and 2.6 mm in axial length. The distal flared section 168 
has a maximal Sagittal length of between about 2.5 mm and 
2.7 mm. 

0079. In another embodiment, the flexible drill 100 is con 
figured to be used in an over-the-wire technique. In this 
embodiment, the flexible shaft 144 comprises a flexible, hol 
low tubular structure (not shown), that is, has an axial channel 
for accepting a guide wire, instead of the flexible, solid tubu 
lar structure used in the none over-the-wire embodiment. The 
flexible, hollow tubular structure generally comprises the 
same elements as the flexible, solid tubular structure dis 
closed above, except however, for the axial channel. In one 
embodiment, the flexible, hollow tubular structure has an 
axial channel having a diameter of between about 0.5 mm and 
1.0 mm, and has an outer diameter slightly larger than the 
outer diameter of the flexible, shaft 144 that is a flexible, solid 
tubular structure, Such as by way of example only, an outer 
diameter of about 2.0 mm. In one embodiment, the flexible, 
hollow tubular structure, comprises two layers of 0.3 mm to 
0.5 mm diameter wire that are coiled in opposite directions 
with the outer layer wound counterclockwise (available from 
PAK Mfg., Inc.). When the flexible shaft 144 is configured for 
over-the-wire use, the outer diameters of the retainer tube 
108, guiding tube 132 and liner 140 are increased proportion 
ally to the increase in the outer diameter of the flexible shaft 
144, and the flexible drilling tip 130 (and guiding tip 164, if 
present) also has a corresponding axial channel to allow pas 
sage of the guidewire. 
0080. The flexible drill 100 can be assembled in any suit 
able manner, as will be understood by those with skill in the 
art with reference to this disclosure. In a preferred embodi 
ment, the flexible drill 100 is assembled as follows. First, the 
retainer tube 108 is soldered to the piston anchor 110. Then, 
the piston level 112 is threaded over the piston anchor 110 and 
rotated until the piston level 112 stops. Using the direction 
indicator 120 as reference, the retainer tube 108 is cut to 
length and the distal end of the retainer tube 108 is cut to form 
a bevel having a cut angle of between about 20° and 45° with 
the cutting plane and oriented in the same direction as the 
direction indicator 120. Next, the piston 114 is threaded over 
the piston anchor 110 until the piston 114 stops. Then, the 
distal O-ring 116 and the proximal O-ring 118 are positioned 
over the distal groove 120 and the proximal groove 124, 
respectively, in the piston 114. Next, the guiding tube 132 is 
soldered to the threaded adapter 138, and the barrel 136 is 
loosely threaded over the proximal end of the threaded 
adapter 138. Then, the barrel knob 134 is press fitted over the 
barrel 136 and secured by a dowel pin (not shown) inserted 
into the hole 160 in the barrel knob 134. Next, the bearing 
housing 142 is threaded over the threaded adapter 138 until 
the bearing housing 142 stops. Then, the distal segment 158 
of the guiding tube 132 is temporarily straightened and the 
proximal end of the proximal segment 156 of the guiding tube 
132 is inserted into the piston 114 and retainer tube 108. Next, 
the distal end of the barrel 136 is slid over the proximal end of 
the piston 114. Then, the hole 160 in the barrel knob 134 for 
the set screw is aligned with the slot 126 in the piston 114, and 
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a set screw (not shown) is screwed into the hole and slot 126. 
Next, the distal segment 158 of the guiding tube 132 is aligned 
with the cutting plane of the retainer tube 108 by rotating the 
threaded adapter 138, and the threaded adapter 138 is secured 
to the barrel 136. Then, the flexible drilling tip 130 is soldered 
to the flexible shaft 144. Next, the liner 140 is slid over the 
flexible shaft 144. Then, the barrel knob 134 and piston level 
112 are distracted from each other, thereby straightening the 
distal segment 158 of the guiding tube 132 inside the retainer 
tube 108, and the liner 140 with the flexible shaft 144 is slid 
into the distal end of the guiding tube 132. Next, the distal 
bearing 146 is placed into the bearing housing 142 through 
the flexible shaft 144. Then, the collet 150 is slid over the 
flexible shaft 144 and attached to the flexible shaft 144, such 
as by crimping or soldering. Next, the proximal bearing 148 
is slid over the collet 150, and the bearing cap 152 is placed 
over the bearing and secured to the bearing housing 142. 
Then, the motor receptacle 154 is press fitted to the barrel 136 
until the motor receptacle 154 stops. Finally, the spinluer lock 
106 is snap fit onto the piston anchor 110. In one embodiment, 
a thin-walled hypodermic tube, not shown, is slid and 
crimped over the proximal portion of the flexible shaft 144 to 
increase the transmission of torque from the motor. 
0081. In one embodiment, the present invention is a 
method of using a flexible drill comprising a flexible drilling 
tip, and having the ability to orient the flexible drilling tip at 
a predetermined position after accessing a material to be 
drilled through a substantially straight passage, where the 
predetermined position is at least 10° off of the long axis of 
the Substantially straight passage, or is between about 10° and 
150° off of the long axis of the substantially straight passage. 
In a preferred embodiment, the predetermined position is at 
least about 90° off of the long axis of the substantially straight 
passage. In another preferred embodiment, the predetermined 
position is between about 90° and 120° off of the long axis of 
the Substantially straight passage. 
0082 In one embodiment, the method comprises drilling a 
Substantially straight passage through a first material. Then, a 
flexible drill is provided where the flexible drill comprises a 
flexible drilling tip, where the flexible drill has the ability to 
orient the flexible drillingtip at a predetermined position after 
accessing a material to be drilled through a Substantially 
straight passage, and where the predetermined position is at 
least 10° off of the long axis of the substantially straight 
passage. Next, the flexible drill is inserted into the substan 
tially straight passage and advanced through the Substantially 
straight passage and the flexible drilling tip is advanced until 
the flexible drilling tip exits the Substantially straight passage 
into a second material, thereby allowing the flexible drilling 
tip to orient to the predetermined position within the second 
material. Then, the flexible drill is actuated, thereby drilling 
into the second material. Next, actuation of the flexible drill is 
stopped, thereby stopping the flexible drilling into the second 
material. Then, the flexible drill is removed through the sub 
stantially straight passage. 
I0083. In a preferred embodiment, the flexible drill pro 
vided is a flexible drill according to the present invention. In 
another preferred embodiment, the space is an intervertebral 
disk space between a first vertebra and a second vertebra. In 
another preferred embodiment, the first material is pedicle 
bone of either the first vertebra or the second vertebra. In 
another preferred embodiment, the first material is pedicle 
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bone of either the first vertebra or the second vertebra, and the 
second material is intervertebral disk between the first verte 
bra and the second vertebra. 

I0084. In another embodiment, the present invention is a 
method for removing intervertebral disk between a first ver 
tebra and a second vertebra. The method comprises drilling a 
Substantially straight passage through a pedicle of either the 
first vertebra or the second vertebra. Then, a flexible drill is 
provided where the flexible drill comprises a flexible drilling 
tip, where the flexible drill has the ability to orient the flexible 
drilling tip at a predetermined position within the interverte 
bral disk space after accessing the intervertebral disk space 
through a Substantially straight passage through a pedicle, 
and where the predetermined position is at least 10° off of the 
long axis of the Substantially straight passage. Next, the flex 
ible drill is inserted into the Substantially straight passage in 
the pedicle and advanced through the Substantially straight 
passage. Then, the flexible drilling tip is advanced until the 
flexible drillingtip exits the Substantially straight passage into 
the intervertebral disk, thereby allowing the flexible drilling 
tip to orient to the predetermined position within the interver 
tebral disk. Next, the flexible drill is actuated, thereby drilling 
into the intervertebral disk. Then, actuation of the flexible 
drill is stopped, thereby stopping the flexible drilling into the 
intervertebral disk. Next, the flexible drill is removed through 
the Substantially straight passage. 
I0085. In a preferred embodiment, the flexible drill pro 
vided is a flexible drill according to the present invention. In 
another preferred embodiment, the method further comprises 
inserting a sheath, Such as for example only, a stainless steel 
sheath, with an inner diameter less than about 5 mm and 
tapered at the distal end into the Substantially straight passage 
before inserting the flexible drill, then inserting the flexible 
drill through the sheath. In a preferred embodiment, the 
sheath is a luer lock at the proximal end to mate with drill after 
inserting the flexible drill. In a preferred embodiment, the 
flexible drill has a direction indicator and the flexible drilling 
tip is oriented within the intervertebral disk using the direc 
tion indicator. 

I0086. In one embodiment, the method comprises using an 
over-the-wire technique. In this embodiment, a guide wire is 
place in the flexible shaft and drillingtip and, upon removal of 
the flexible drill from the substantially straight passage, the 
guide wire is left in place to allow passage of the next device 
into the Substantially straight passage and into the space that 
has been drilled. 

I0087. In another embodiment, the present invention is a 
cutting device comprising a pivoting blade connected to the 
distal end of a flexible shaft, where the cutting device can be 
inserted into a material to be cut after accessing the material 
through a channel having a Substantially straight proximal 
section having a long axis and a distal section having a long 
axis, where the long axis of the distal section is curved, or 
where the long axis of the distal section varies at least about 
10° off of the long axis of the proximal section. The cutting 
device can cut through a wide variety of materials, including 
bone, cartilage and intervertebral disk, but can also be used to 
drill through other materials, both living and nonliving, as 
will be understood by those with skill in the art with reference 
to this disclosure. Referring now to FIG.7, FIG.8. FIG.9 and 
FIG. 10, there are shown, respectively, a lateral perspective 
view of the cutting device with the distal end in the cutting 
position; a cutaway, lateral perspective view of the cutting 
device with the distal end in the insertion position; a close-up, 
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partial, cutaway, lateral perspective view of the distal end of 
the cutting device with the distal end in the insertion position; 
and a close-up, partial, cutaway, lateral perspective view of 
the distal end of the cutting device with the distal end in the 
cutting position. 
I0088. As can be seen in FIG. 7 and FIG. 8, the cutting 
device 200 comprises a proximal end 202 and a distal end 
204. The proximal end 202 comprises a motor adapter 206 
connected distally to a bearing housing 208, Such as for 
example only, by press fitting. The motor adapter 206 is used 
to connect the cutting device 200 to a motor drive 210, par 
tially shown in FIG. 7 and FIG. 8, capable of transmitting 
axial rotation to the distal end 204 of the cutting device 200 to 
function as disclosed in this disclosure. Both the motor 
adapter 206 and the bearing housing 208 can comprise any 
suitable material capable of being machined or molded into 
the proper shape, and having Suitable properties, as will be 
understood by those with skill in the art with reference to this 
disclosure. In a preferred embodiment, both of the motor 
adapter 206 and the bearing housing 208 comprise a polymer. 
In a particularly preferred embodiment, both the motor 
adapter 206 and the bearing housing 208 comprise DEL 
RINR (E.I. duPont De Nemours and Company Corporation, 
Wilmington, Del. US). The motor drive 210 used with the 
cutting device 200 of the present invention can be any suitable 
motor drive 210. In a preferred embodiment, the motor drive 
210 is a variable speed motor drive. In one embodiment, by 
way of example only, the motor drive 210 is an NSK Electer 
EMAX motor drive (NSK Nakanishi Inc., Tochigi-ken, 
Japan). 
I0089 Referring now to FIG. 8, the cutting device 200 
further comprises an adapter tube 212, having a proximal end 
configured to mate with the housing of the motor drive 210 
and having a distal end fitted and fixed. Such as by Soldering, 
into the proximal end of a drive shaft 214. The adapter tube 
212 transmits torque from motor drive 210 to the distal end 
204 of the cutting device 200. The adapter tube 212 can 
comprise any Suitable material for the purpose disclosed in 
this disclosure. In one embodiment, the adapter tube 212 
comprises stainless Steel. In another embodiment, the adapter 
tube 212 has an inner diameter of about 1.9 mm and 2 mm, 
and an outer diameter of about 2.4 mm. In another embodi 
ment, the adapter tube 212 is about 25 mm in axial length. In 
one embodiment, by way of example only, the adapter tube 
212 is part number 13tw, from Micro Group Inc., Medway, 
Mass. US, ground to appropriate dimensions. 
0090 Referring now to FIG. 7 and FIG. 8, the cutting 
device 200 further comprises a drive tube 216 having a proxi 
mal end fitted and fixed, such as by silver soldering, into the 
distal end of the adapter tube 212 and extending distally 
toward the distal end 204 of the cutting device 200. The drive 
tube 216 provides rigidity to the cutting device 200 allowing 
advancement and retraction of the cutting device 200 and 
transmits torque from motor drive 210 to the distal end 204 of 
the cutting device 200. In one embodiment, the drive tube 216 
comprises stainless steel. In another embodiment, the drive 
tube 216 has an axial length of about 200 mm. In another 
embodiment, the drive tube 216 has an inner diameter of 
about 1.3 mm and an outer diameter of about 1.8 mm. In a 
preferred embodiment, by way of example only, the drive 
tube 216 is part number 1511, Micro Group Inc. 
0091 Referring now to FIG. 8, the cutting device 200 
further comprises two bearings 218 pressed into the bearing 
housing 208, and comprises a drive shaft 214 within the 
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bearing housing 208 and supported between the bearings 218. 
The bearings 218 and drive shaft 214 assist in translating 
torque from motor drive 210 to the distal end 204 of the 
cutting device 200 to create smooth axial rotation of the distal 
end 204 of the cutting device 200. The bearings 218 can 
comprise any suitable bearings, as will be understood by 
those with skill in the art with reference to this disclosure. In 
one embodiment, the bearings 218 are miniature, high speed 
stainless steel radial bearings, such as part number 57155k53, 
McMaster-Carr Supply Co., Sante Fe Springs, Calif. US). 
The drive shaft 214 is an interface between the bearings 218 
and the drive tube 216 and provides smooth rotation for the 
distal end 204 of the cutting device 200. In a preferred 
embodiment, the drive shaft 214 has a 6-32 female thread that 
is about 16 mm deep on distal end 204, and has a retaining 
ring groove and a 1.9 mm diameter hole drilled through the 
long axis on the proximal end. The drive shaft 214 is counter 
bored between about 2.3 mm and 2.4 mm in diameter and 
about 5 mm deep on the proximal end. The drive shaft 214 can 
be any suitable material, as will be understood by those with 
skill in the art with reference to this disclosure. In one 
embodiment, the drive shaft 214 is machined stainless steel. 
0092 Referring now to FIG. 7 and FIG. 8, the cutting 
device 200 further comprises a collar 220 press fitted onto the 
distal end of the drive shaft 214 until the collar 220 is flush 
with the distal end of the drive shaft 214. An operator can 
prevent rotation of the drive shaft 214 during advancement 
and actuation of the distal end of the cutting device 200 by 
grasping the collar 220 to prevent rotation of the collar 220, 
and hence, the drive shaft 214. The collar 220 can comprise 
any suitable material capable of being machined or molded 
into the proper shape, and having Suitable properties, as will 
be understood by those with skill in the art with reference to 
this disclosure. In one embodiment, the collar 220 comprises 
a polymer, such as for example only, DELRINR). 
(0093. Referring now to FIG. 7, FIG. 8 and particularly 
FIG. 10, the cutting device 200 further comprises a flexible 
shaft 222 having a proximal end extending through the drive 
tube 216, and fitted and fixed, such as by soldering, flush into 
the distal end of the adapter tube 212. Additionally, the distal 
end of the drive tube 216 is fixed to the flexible shaft 222, such 
as by crimping or silver Soldering. In one embodiment, the 
flexible shaft 222 comprises constructing from a multi-filar 
winding with a solid core. In another embodiment, the flex 
ible shaft 222 has an axial length of about 300 mm. In another 
embodiment, the flexible shaft 222 has a diameter of about 
1.25 mm. In a preferred embodiment, by way of example 
only, the flexible shaft 222 is part number FS045N042C, PAK 
Mfg., Inc., Irvington, N.J. US. 
(0094. The drive shaft 214, adapter tube 212, drive tube 216 
and flexible shaft 222 assembly are inserted into the bearing 
housing 208, held in place using a retaining ring 224, and 
transmit torque from motor drive 210 to the distal end of the 
cutting device 200. In a preferred embodiment, by way of 
example only, the retaining ring 224 is part number 
98.410A110, McMaster-Carr Industrial Supply. 
0.095 Referring now to FIG.7, FIG.8, FIG.9 and FIG.10, 
the cutting device 200 further comprises a braided tube 226 
surrounding the flexible shaft 222 throughout the length of the 
flexible shaft 222. The braided tube 226 increases column 
stiffness. In one embodiment, the braided tube 226 comprises 
stainless steel. In another embodiment, the braided tube 226 
has an axial length of about 220 mm. In a preferred embodi 
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ment, by way of example only, the braided tube 226 can be 
fabricated by Viamed Corp., South Easton, Mass. US. 
0096. The proximal end of the braided tube 226 is soldered 
to the head of a 6-32 cap screw 228 forming a hollow joint. In 
one embodiment, the cap screw 228 is a 6-32x1.9 mm long 
socket head cap screw, such as part number 92196A151, 
McMaster-Carr Industrial Supply, that has been modified by 
drilling a 1.85 mm diameter hole through the long axis to 
provide a through lumen for the drive tube 216. The cap screw 
228 can comprise any Suitable material capable of being 
machined or molded into the proper shape, and having Suit 
able properties, as will be understood by those with skill in the 
art with reference to this disclosure. In one embodiment, the 
cap screw 228 comprises stainless Steel. 
0097. The cutting device 200 further comprises a thumb 
screw knob 230 pressed fitted flush onto the head of the cap 
screw 228. The thumb screw knob. 230 can comprise any 
suitable material capable of being machined or molded into 
the proper shape, and having Suitable properties, as will be 
understood by those with skill in the art with reference to this 
disclosure. In a preferred embodiment, the thumb screw knob 
230 comprises a polymer, such as for example only, DEL 
RINCR). 
0098. The cutting device 200 further comprises a lock nut 
232 fully screwed onto the cap screw 228. The lock nut 232 
and braided tube 226 are placed over the distal end of the 
flexible shaft 222 and drive tube 216, and the cap screw 228 is 
fully screwed into the drive shaft 214. The cap screw 228, 
thumb screw knob 230 and lock nut 232 assembly allows the 
operator to advance distally or retract proximally the braided 
tube 226, and to lock the braided tube 226 into a desired 
position. 
0099 Referring now to FIG. 10, the cutting device 200 
further comprises a shrink tube 234 covering all of the distal 
end of the flexible shaft 222 and between the inner surface of 
the braided tube 226 and the outer surface of the flexible shaft 
222. In one embodiment, the shrink tube 234 comprises Poly 
tetrafluoroethylene (available from Zeus Industrial Products, 
Orangeburg, S.C., US). In another embodiment, the shrink 
tube 234 has an inner diameter of about 1.3 mm and an outer 
diameter of about 1.5 mm. In another embodiment, the shrink 
tube 234 is about 160 mm long. 
0100 Referring now to FIG.9 and FIG. 10, the distal end 
of the cutting device 200 further comprises a hinge 236 
attached to the distal end of the flexible shaft 222, such as for 
example by silver Soldering. The hinge 236 can comprise any 
suitable material capable of being machined or molded into 
the proper shape, and having Suitable properties, as will be 
understood by those with skill in the art with reference to this 
disclosure. In one embodiment, the hinge 236 comprises 
stainless steel. The cutting device 200 further comprises a 
blade 238 attached to the distal end of the hinge 236 in a 
manner that allows the blade 238 to pivot to at least about 90° 
with respect to the long axis of the cutting device 200, such as 
by a dowel 240, as shown, from a first, insertion position, FIG. 
9, to a second, cutting position, FIG. 10. The blade 238 has a 
circumferential cutting edge and one or more than one notch 
242, such as the two notches shown in FIG.9 and FIG. 10. In 
a preferred embodiment, as shown, the blade 238 has a 
rounded distal tip suitable for macerating spinal nucleus and 
abrading vertebral body endplates. However, other blade 
shapes could also be used depending on the intended use of 
the cutting device 200, as will be understood by those with 
skill in the art with reference to this disclosure. The blade 238 
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can comprise any suitable material capable of being 
machined or molded into the proper shape, and having Suit 
able properties, as will be understood by those with skill in the 
art with reference to this disclosure. In one embodiment, the 
blade 238 comprises stainless steel. 
0101. In a preferred embodiment, the cutting device 200 
further comprises a locking sleeve 244 attached to the distal 
end of the braided tube 226, such as by silver soldering. The 
locking sleeve 244 can be advanced distally and retracted 
proximally by manipulating the braided tube 226 using the 
cap screw 228, thumb screw knob. 230 and lock nut 232 
assembly. As shown in FIG. 9 and FIG. 10, when the locking 
sleeve 244 is retracted proximally, the distal end of the lock 
ing sleeve 244 disengages from the one or more than one 
notch 242 in the blade 238 and allows the blade 238 to pivot 
freely. When the locking sleeve 244 is advanced distally, the 
distal end of the locking sleeve 244 is configured to mate with 
corresponding one or more than one notch 242 in the blade 
238, and serve to lock the blade 238 at 90° with respect to the 
long axis of the cutting device 200. The locking sleeve 244 
can comprise any suitable material capable of being 
machined or molded into the proper shape, and having Suit 
able properties, as will be understood by those with skill in the 
art with reference to this disclosure. In one embodiment, the 
locking sleeve 244 comprises stainless steel. In another 
embodiment, the locking sleeve 244 has an inner diameter of 
about 2.5 mm and an outer diameter of about 2.6 mm. In 
another embodiment, the locking sleeve 244 has a length of 
about 3.8 mm. 

0102 Referring now to FIG. 7, FIG.8. FIG.9 and FIG.10, 
In a preferred embodiment, the distal end 204 of the cutting 
device 200 further comprises a sheath 246 movably surround 
ing the braided tube 226 distally and connected to a luer hub 
248 proximally. The distal end of the sheath 246 has a bevel 
250, as shown in the Figures. In one embodiment, the bevel 
makes an angle of about 30° with the long axis of the cutting 
device 200. In a preferred embodiment, the distal end of the 
cutting device 200 is advanced into and retracted from the 
space where drilling is required through the sheath 246. Dur 
ing retraction, the beveled distal end of the sheath 246 con 
tacts the blade 238, causing the blade 238 to disengage from 
the locking sleeve 244 and pivot to the insertion position. The 
sheath 246 and luer hub 248 can comprise any suitable mate 
rial capable of being machined or molded into the proper 
shape, and having suitable properties, as will be understood 
by those with skill in the art with reference to this disclosure. 
In one embodiment, the sheath 246 comprises a polymer Such 
as PEBAX(R) (Atochem Corporation, Puteaux, FR). In 
another embodiment, the luer hub 248 comprises polycarbon 
ate. In one embodiment, the sheath 246 has an inner diameter 
of about 2.8 mm and an outer diameter of about 3.6 mm. In 
another embodiment, the sheath 246 is about 150 mm long. 
0103) The cutting device 200 of the present invention can 
be used to create a cavity in any suitable material, including 
living tissue, such as bone, connective tissue or cartilage. 
Further, the cutting device 200 can be used to debulk a tumor. 
Additionally, the cutting device 200 can be used to increase 
the cross-sectional area of a channel by moving the cutting 
device 200 within the channel while the motor is actuated. 

0104. The cutting device 200 is used as follows. A channel 
is made in living bone or other Suitable material having a 
circumference large enough to accommodate the distal end of 
the cutting device 200. Next, the sheath 246 is inserted into 
the channel. Then, the cutting device 200 is inserted into the 
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sheath 246 and advanced until the distal end of the cutting 
device 200, including the blade 238, exits the sheath 246 
distally. The preset radius of the distal end of the blade 238 
causes the blade 238 to pivot when it comes into contact with 
any surface. Next, the braided tube 226 with attached locking 
sleeve 244 are advanced distally causing the locking sleeve 
244 to engage the one or more than one notch 242 in the blade 
238. The motor drive 210 is actuated causing the drive cable 
to rotate axially and, thereby rotating the cutting blade 238. 
Cutting can be performed by maintaining the cutting device 
200 in a stationary position, or can be performed while mov 
ing the cutting device 200 proximally and distally increasing 
the Volume of material that is cut. Once cutting is complete, 
the motor is deactuated, causing the drive cable to cease 
rotating axially, thereby stopping the cutting motion of the 
blade 238. The sheath 246 is advanced distally, causing the 
locking sleeve 244 to disengage from the blade 238 and the 
blade 238 to return to its insertion position. In one embodi 
ment, the cutting device 200 is then withdrawn through the 
sheath 246. In another embodiment, the sheath 246 is then 
advanced to a second position and the steps repeated, thereby 
cutting at a second location. In a preferred embodiment, the 
debris from the cutting is removed using Suction, by flushing 
with a suitable solution Such as Saline, or by a combination of 
Suction and flushing, using techniques known to those with 
skill in the art. 

0105. In another embodiment, the present invention is an 
enucleation device comprising a plurality of deformable 
blades that can cut material in a space when the blades are not 
deformed, after accessing the space through a channel while 
the blades are deformed, where the channel has a smaller 
cross-sectional area than the cross-sectional area of the plu 
rality of undeformed blades. Referring now to FIG. 11, FIG. 
12, FIG. 13 and FIG. 14, there are shown, respectively, a 
lateral perspective view of the enucleation device with the 
blades in the insertion position; a lateral perspective view of 
the enucleation device with the blades in the cutting position; 
an enlarged, lateral perspective view of the distal end of the 
enucleation device; and an exploded, lateral perspective view 
of the enucleation device. As can be seen in the Figures, the 
enucleation device 300 comprises a proximal end 302 and a 
distal end 304. In one embodiment, the enucleation device 
300 further comprises the following parts: a motor adapter 
306, a chuck adapter 308, a bearing cap 310, a proximal 
bearing 312, a collet adapter 314, a distal bearing 316, a 
bearing housing 318, a threaded adapter 320, a barrel 322, a 
barrel knob 324, a spacer tube 326, a hypotube 328, a shaft 
330, a shrink tube 332, and a cutting cap 334 comprising a 
plurality of blades 336. However, some of the parts, such as 
the chuck adapter 308 are optional, and other parts can be 
substituted for equivalent parts, as will be understood by 
those with skill in the art with reference to this disclosure. The 
parts of the enucleation device 300 can comprise any suitable 
material capable of being machined or molded into the proper 
shape, and having Suitable properties, as will be understood 
by those with skill in the art with reference to this disclosure. 
In a preferred embodiment, the motor adapter 306, bearing 
cap 310, bearing housing 318, barrel 322, barrel knob 324 and 
spacer tube 326 comprise a polymer oran equivalent material. 
In a particularly preferred embodiment, they comprise DEL 
RINR). In another preferred embodiment, the chuck adapter 
308, proximal bearing 312, collet adapter 314, distal bearing 
316, threaded adapter 320, hypotube 328, and hollow shaft 
comprise stainless steel or an equivalent material. In another 
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preferred embodiment, the shrink tube 332 comprises poly 
tetrafluoroethylene (such as TEFLONR) or an equivalent 
material. In another preferred embodiment, the cutting cap 
334 with its plurality of blades 336 comprises a shaped metal 
alloy, Such a nitinol, that has been processed to return to an 
orthogonally-expanded cutting configuration Suitable for cut 
ting when undeformed. These parts will now be disclosed in 
greater detail. 
0106 Referring again to FIG. 11, FIG. 12, FIG. 13 and 
FIG. 14, The enucleation device 300 comprises a motor 
adapter 306 at the proximal end 302 connected distally to the 
barrel 322. The motor adapter 306 is used to connect the 
enucleation device 300 to a motor drive (not shown), capable 
of transmitting axial rotation to the distal end 304 of the 
enucleation device 300 to function as disclosed in this disclo 
sure. In one embodiment, when used for cutting intervertebral 
disk material in the method of the present invention, the 
dimensions of the motor adapter 306 are about 11 cm in axial 
length by 3.8 cm in maximum outer diameter by 3.3 cm in 
maximum inner diameter. However, the dimensions can be 
any suitable dimensions for the intended use, as will be under 
stood by those with skill in the art with reference to this 
disclosure. The motor drive used with the enucleation device 
300 of the present invention can be any suitable motor drive. 
In a preferred embodiment, the motor drive is a variable speed 
motor drive. In one embodiment, by way of example only, the 
motor drive is an NSK Electer EMAX motor drive (NSK 
Nakanishi, Inc.). In another embodiment, the motor drive is a 
hand drill (for example, P/NC00108, Vertelink Corporation, 
Irvine, Calif., US) connected to the motor adapter 306 by 
interfacing with the optional chuck adapter 308. 
0107 The enucleation device 300 further comprises a 
bearing assembly, comprising the bearing cap 310, the proxi 
mal bearing 312, the collet adapter 314, the distal bearing 
316, and the bearing housing 318. The bearing housing 318 
retains the proximal bearing 312, the collet adapter 314 and 
the distal bearing 316, which are preferably pressed into the 
bearing housing 318. In a preferred embodiment, the proxi 
mal bearing 312 and the distal bearing 316 are high-speed 
stainless steel radial bearings, such as for example only, P/N 
57155k53, McMaster-Carr Supply Company, Santa Fe 
Springs, Calif., US. The collet adapter 314 is used to adapt the 
shaft 330 to a motor collet of the motor drive (not shown). The 
collet adapter 314 is connected to the shaft 330, such as for 
example only, by silver Soldering. In one embodiment, the 
collet adapter 314 has an axial lumen for receiving a 
guidewire. In a preferred embodiment, the axial lumen has a 
diameter of about 2 mm. 
0108. The enucleation device 300 further comprises a bar 
rel 322, which preferably has an axial lumen for receiving a 
guidewire, and a barrel knob 324 overlying the barrel 322, 
such as for example, by being press fitted on the barrel 322. 
The barrel knob 324 allows an operator to grasp the enucle 
ation device 300 while advancing and retracting the enucle 
ation device 300. 

0109 The enucleation device further comprises a hypo 
tube 328. In one embodiment, when used for cutting interver 
tebral disk material in the method of the present invention, the 
hypotube 328 has an outer diameter of about 3.8 mm, an inner 
diameter of about 3 mm and an axial length of about 175 mm. 
0110. The enucleation device further comprises a shaft 
330. In one embodiment, the shaft 330 has an axial lumen for 
receiving a guidewire. In a preferred embodiment, the shaft 
330 is flexible to permit the enucleation device 300 to be 
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advanced through a curved passage. In one embodiment, the 
shaft 330 is part number FS085T11C, PAK Mfg., Inc. In one 
embodiment, when used for cutting intervertebral disk mate 
rial in the method of the present invention, the shaft 330 has an 
outer diameter of about 2 mm, an inner diameter of about 3 
mm and an axial length of about 350 mm. When used with a 
guidewire, the shaft 330 has an inner diameter of about 1 mm. 
0111. The enucleation device 300 further comprises a 
threaded adapter 320 that connects the bearing assembly and 
the hypotube 328 to the barrel 322. In one embodiment, the 
threaded adapter 320 has a single thread proximally for inter 
facing with the bearing housing 318. In one embodiment, the 
threaded adapter 320 has an axial lumen for receiving a 
guidewire. In a preferred embodiment, the axial lumen has a 
diameter of between about 3 mm and 4 mm. In a preferred 
embodiment, the threaded adapter 320 has an axial length of 
about 13 mm and a maximum outer diameter of about 5 mm. 
0112 The enucleation device 300 further comprises a 
spacer tube 326 having an axial lumen. The spacer tube 326 
decreases the diameter of the axial lumen of the barrel 322. In 
one embodiment, the axial lumen of the spacer tube 326 has 
a diameter of about 4 mm. 
0113. The enucleation device 300 further comprises a 
shrink tube 332 covering the distal end of the shaft 330. The 
shrink tube 332 provides a bearing surface between the hypo 
tube 328 and shaft 330. In one embodiment, when used for 
cutting intervertebral disk material in the method of the 
present invention, the shrink tube 332 has an outer diameter of 
about 3.3 mm, an inner diameter of about 2.5 mm and an axial 
length of about 350 mm. By way of example only, a suitable 
shrink tube can be purchased from Zeus Industrial Products, 
Orangeburg, S.C., US. 
0114. The enucleation device 300 further comprises a cut 
ting cap 334 at the distal end 304 of the enucleation device 
300. The cutting cap 334 comprises a plurality of deformable 
blades 336 that orthogonally-expand when the blades 336 are 
not deformed. Each blade 336 has one or more than one 
cutting edge. In one embodiment, the plurality of blades 
comprises two or more than two blades. In another embodi 
ment, the plurality of blades comprises three blades. In a 
preferred embodiment, the plurality of blades comprises four 
blades. The blades 336, and preferably, the entire cutting cap 
334, comprises a shaped metal alloy, Such a nitinol, that has 
been processed to return the blades 336 to an orthogonally 
expanded cutting configuration Suitable for cutting when 
undeformed. In one embodiment, when used for cutting inter 
vertebral disk material in the method of the present invention, 
the cutting cap 334 has an outer diameter of about 3 mm, an 
inner diameter of about 2.2 mm and an axial length of about 
11 mm when deformed. When undeformed and activated, the 
spinning blades cover a cross-sectional area of about 1.8 cm, 
that is, an area having a diameter of about 1.5 cm. 
0115 The enucleation device 300 can be made by any 
suitable method, as will be understood by those with skill in 
the art with reference to this disclosure. In one embodiment, 
the enucleation device 300 is made in part by the following 
steps. The spacer tube 326 is introduced over the distal end of 
the hypotube 328 and barrel 322 and is pressed into the barrel 
until the spacer tuber 326 is flush with the distal end of the 
barrel 322. The threaded adapter 320 is connected to the 
proximal end of hypotube 328, such as for example only, by 
silver soldering, and the threaded adapter 320 and hypotube 
328 are inserted into the proximal end of the barrel 322 until 
they come to a stop and they are secured to the barrel 322 with 
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a setscrew (not shown). The bearing housing 318 is screwed 
onto the threaded adapter 320 and a distal bearing 316 is 
pressed into the bearing housing 318. The shaft 330 is 
inserted into the bearing housing 318 through the distal bear 
ing 316 and bearing housing 318, and the collet adapter 314 is 
placed over the shaft 330 and soldered onto the shaft approxi 
mately 50 mm from the proximal end of the shaft 330. The 
proximal bearing 312 is placed over the proximal end of the 
collet adapter 314. The bearing cap 310 is screwed onto the 
proximal end of the bearing housing 318 until the bearing cap 
310 stops. The barrel assembly is inserted into the motor 
adapter 306 and is keyed through a slot in the side of the motor 
adapter 306. The shrink tube 332 is placed over the distal end 
of the shaft 330. The cutting cap 334 is crimped or bonded to 
the distal end of the shaft 330. 

0116. The enucleation device of the present invention can 
be used to cut any suitable material, as will be understood by 
those with skill in the art with reference to this disclosure. In 
a preferred embodiment, the enucleation device is used to cut 
away intervertebral disk from an intervertebral space between 
two vertebral bodies after accessing the intervertebral space 
through a passage in the pedicle of the vertebra Superior to the 
intervertebral space, where the passage has a smaller cross 
sectional area than the lateral cross-sectional area of the unde 
formed blades while the blades are cutting the material. In a 
preferred embodiment, the enucleation device is also used to 
cut away vertebral body endplates bordering the interverte 
bral space. 
0117 By way of example only, the enucleation device can 
be used to cut material in a space when the blades are not 
deformed, after accessing the space through a channel while 
the blades are deformed, where the channel has a smaller 
cross-sectional area than the cross-sectional area of the plu 
rality of undeformed blades while the blades are cutting the 
material as follows. First, the blades are deformed to fit 
through a previously created channel. Deformation com 
prises moving the distal tips of each blade toward the long 
axis of the enucleation device, preferably, until the long axis 
of each blade is coaxial with the long axis of the enucleation 
device. Next, the cutting cap of the enucleation device is 
advanced through the channel, and the distal end of the 
enucleation device is allowed to pass into the space, thereby 
allowing the blades to expand orthogonally, that is to allow 
the distal tips of each blade to move away from the long axis 
of the enucleation device, perpendicular to the long axis of the 
enucleation device, to their undeformed shape. In a preferred 
embodiment, the channel is significantly curved, and the 
enucleation device has a shaft allowing the enucleation 
device to follow the curvature of the channel as the enucle 
ation device is advanced. Next, the enucleation device is 
actuated causing the blades to rotate, thereby affecting cutting 
of the material. In a preferred embodiment, the blades are 
rotated at between about 100 and 15000 RPM. Additionally, 
the enucleation device can be advanced and retracted in the 
space to cut additional material. Once completed, the enucle 
ation device is withdrawn causing the blades to deform until 
they have been withdrawn from the channel. 
0118. In a preferred embodiment, the enucleation device is 
advanced through the channel over a guide wire. In another 
preferred embodiment, the enucleation device is passed 
through a sheath lining the channel. In another preferred 
embodiment, the material cut is intervertebral disk. In a par 
ticularly preferred embodiment, the shaft of the enucleation 
device is flexible to permit the enucleation device to advance 
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through a curved passage. In another particularly preferred 
embodiment, the material is vertebral body endplate material. 
In another particularly preferred embodiment, the channel is 
a transpedicular access channel in a vertebra. 
0119) Another embodiment of the invention comprises a 
cutting device. The cutting device may be implemented to 
carry out cutting procedures. For example, the cutting device 
may be used as an enucleation device as described above, in 
other percutaneous procedures or in situations where a flex 
ible cutting device is advantageous. Referring to FIGS. 
55-57, some embodiments of the cutting device may com 
prise a cutter head 5000 with blades 5002 and 5004 that are 
made from nitinol or any other sufficiently elastic metal. In 
some embodiments, the cutterhead 5000 has two blades 5002 
and 5004 that are symmetrically designed. Of course, any 
number of blades and type of blade spacing may be used as 
desired. 

0120. As shown in FIG.55, the two blades 5002 and 5004 
may have a span in a neutral position of about 1.5 to 2.0 cm in 
diameter. The blades 5002 and 5004 also have proper thick 
ness and tapered width to improve stability, strength and 
accessibility through a curved access sheath. In some 
embodiments, it may be preferable to include, at the end of 
each blade, a wing folding upward as indicated at 5006 and 
5008. Wings 5006 and 5008 may help the cutterhead 5000 get 
through an access sheath more easily. For example, in some 
embodiments, the wings 5006 and 5008 may be bent up at an 
angle in the range of 130°-140°. Of course, other suitable 
angles are also possible. The cutter head 5000 has an inner 
diameter that fits into the shaft assembly. 
0121. The blades 5002 and 5004 may be fabricated in any 
suitable fashion, for example, they may be cut from a tube or 
a solid wire. Typically, the OD of the blades 5002 and 5004 
should be smaller than the ID of the access sheath and have 
enough space for the blades to negotiate through the curve of 
the created pathway that is normally about 75° to 90°. While 
FIG.55 shows symmetric blades 5002 and 5004, the inven 
tion is not so limited, asymmetrical designs, with one blade 
shorter than the other, blades of differing shape, or other 
variants are also possible. 
0122) Referring to FIGS. 56-57, in some embodiments, 
cutter head 5000 may be welded, soldered, or otherwise 
attached to a shaft 5010 that has a flexible section 5012 at the 
distal end. In some embodiments, the flexible section may be 
about 1.5 to 2.0 inches in length, however, any suitable length 
appropriate for the desired application may be used. In some 
embodiments, flexible section 5012 may be made from stain 
less steel coil or other suitably flexible material. For embodi 
ments where a coil is used for flexible section 5012, it may be 
advantageous to attach a hypto-tube over the coil to facilitate 
pushing of the cutter head 5000 and to increase the rigidity of 
the section 5012 when necessary. Other embodiments may 
employ blades 5002 and 5004 that are attached to a slotted 
metal tube that is slotted at the distal section, wherein the 
slotted section would enable flexibility and twisting. In addi 
tion, blades 5002 and 5004 may be made from a single Nitinol 
(or other flexible material) tube and slotted later, so that the 
blades 5002 and 5004 have no mechanical joint with the shaft 
SO1O. 

(0123 Referring again to FIGS. 56-57, in some embodi 
ments, shaft 5010 may be attached to a bearing system 5014 
which is connected to the handle at the proximal end. The 
bearing system 5014 may comprise a system that is Substan 
tially similar to the one previously described with reference to 
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FIG. 4. For example, the bearing system 5014 may comprise, 
a bearing housing, two bearings and a bearing cap. In some 
embodiments, the bearing housing and cap capture two bear 
ings inside and these two bearings may sandwich and hold a 
collet that is attached to the shaft 5010 at the proximal end. In 
Some embodiments, the collet may comprise a Hex collet 
5016 for attachment to a hand drill or other motive source. In 
addition, shaft 5010 may be extended at the proximal end 
5018 for use with a powered drill or other motive source. 
0.124. In some embodiments, shaft 5010 may comprise 
either a solid shaft or a hollow shaft. For embodiments with a 
hollow shaft 5010, the inner passages may be advantageously 
used for a guide wire or fluid intake/outtake port. 
0.125. The above described device may be implemented as 
follows. During a procedure, the blades 5002 and 5004 are 
prepared for insertion into an access sheath by advancing a 
retracting assembly 5020 to the distal end. This retracting 
assembly 5020 collapses, or otherwise retracts the blades 
5002 and 5004 and encloses them within a hypto-tube or the 
like. In this configuration (see FIG. 56), the retracting assem 
bly 5020 (and enclosed cutter head 5000) may be pushed 
forwards through the access sheath. At the distal end of the 
access sheath, the cutter head 5000 deploys by withdrawing 
the retracting assembly 5020 the blades 5002 and 5004 return 
to their original shape (see FIG. 57). The retracting assembly 
5020 may be secured to the handle or otherwise moved out of 
the way. 
I0126. In another embodiment, the present invention is a 
fusion agent containment device for containing a fusion agent 
within a chamber formed within an intervertebral disk space. 
Referring now to FIG.15 and FIG.16, there are shown in each 
Figure a lateral perspective view (left) and a top perspective 
view (right) of a fusion agent containment device 400 accord 
ing to one embodiment of the present invention expanding 
from a first, deformed configuration, FIG. 15 to a second 
undeformed configuration, FIG. 16. As can be seen, the 
fusion agent containment device 400 comprises aband com 
prising a thin, biocompatible, deformable material having 
shape memory configured to expand into a substantially cir 
cular or oval shape when undeformed. In a preferred embodi 
ment, the band comprises a shaped metal alloy, Such as initi 
nol, that has been processed to return to an undeformed 
configuration, approximating the boundaries of the empty 
space within the intervertebral disk space created during the 
method of the present invention. In a particularly preferred 
embodiment, the band is coated with a biocompatible sealant, 
Such as hydrogel. The dimensions of the fusion agent con 
tainment device 400 will vary with the intended use as will be 
understood by those with skill in the art with reference to this 
disclosure. By example only, in a preferred embodiment, the 
band expands upon deployment to approximately 1 cm in 
height and 2 cm in diameter. 
I0127. In another embodiment, the present invention is a 
fusion agent containment device for containing a fusion agent 
within a chamber formed within an intervertebral disk space. 
Referring now to FIG.17 and FIG. 18, there are shown in each 
Figure a lateral perspective view (left) and a top perspective 
view (right) of a fusion agent containment device 500 accord 
ing to one embodiment of the present invention expanding 
from a first, deformed configuration, FIG. 17 to a second 
undeformed configuration, FIG. 18. As can be seen, the 
fusion agent containment device 500 comprises wire com 
prising a thin, biocompatible, deformable material having 
shape memory configured to expand into a substantially cir 
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cular or oval shape when undeformed. The fusion agent con 
tainment device 500 can be formed from wire shaped into a 
variety of configurations, as will be understood by those with 
skill in the art with reference to this disclosure. FIG. 19 shows 
an isolated section of wire 502 that forms the fusion agent 
containment shown in FIG. 17 and FIG. 18. In a preferred 
embodiment, the wire comprises a mesh, as shown in FIG.38, 
FIG. 53 and FIG. 54, because a mesh can be deformed both 
circumferentially and axially. In one embodiment, the wire 
comprises a shaped metal alloy, Such as initinol, that has been 
processed to return to an undeformed configuration, approxi 
mating the boundaries of the empty space within the interver 
tebral disk space created during the method of the present 
invention. In a particularly preferred embodiment, the wire 
mesh is coated with a biocompatible sealant. Such as hydro 
gel. The dimensions of the fusion agent containment device 
500 will vary with the intended use as will be understood by 
those with skill in the art with reference to this disclosure. By 
example only, in a preferred embodiment, the band expands 
upon deployment to approximately 1 cm in height and 2 cm in 
diameter. 

0128. In another embodiment, the present invention is a 
method of fusing two adjacent vertebrae using a fusion agent 
containment device of the present invention. The method 
comprises, first, creating a chamber within the intervertebral 
disk space between two adjacent vertebrae. Next, a fusion 
agent containment device according to the present invention 
is provided and is placed within the chamber and allowed to 
expand to its undeformed configuration. Then, the fusion 
agent containment device is filled with a fusion agent and the 
fusion agent is allowed to fuse the two adjacent vertebrae. In 
a preferred embodiment, the method further comprises addi 
tionally fusing the two adjacent vertebrae with a second pro 
cedure. 

0129. In another embodiment, the present invention is a 
distraction system for distracting two adjacent vertebrae. 
Referring now to FIG. 20, FIG. 21 and FIG. 22, there are 
shown, respectively, a lateral perspective view of an intro 
ducer of the distraction system; a lateral perspective view 
(left) and a top perspective view (right) of one embodiment of 
a spacing component of the distraction system; and a lateral 
perspective view (left) and a top perspective view (right) of 
another embodiment of a spacing component of the distrac 
tion system. As can be seen, the distraction system 600 com 
prises an introducer 602 and a plurality of spacing compo 
nents 604, 606. The introducer 602 comprises a proximal 
insertion portion 608 and a distalanchoring portion 610. The 
proximal insertion portion 606 comprises a guidewire-type or 
tubular structure 612. The distal anchoring portion 610 com 
prises a plurality of barbs 614. 
0130. The distraction system 600 further comprises a plu 

rality of Stackable, deformable, spacing components 604, 
606. Each spacing component preferably comprises a central 
opening 616 and a plurality of extensions 618. In a preferred 
embodiment, each spacing component comprises three 
extensions 618, as shown in FIG. 21. In another preferred 
embodiment, each spacing component comprises four exten 
sions 618, as shown in FIG.22. The spacing components 604 
are configured such that each extension forms a curved shape 
to allow stacking of a plurality of spacing components 604, 
606 axially onto the introducer 602. In a preferred embodi 
ment, each spacing component 604, 606 of the distraction 
system 600 comprises a Substance, such as shaped metal 
alloy, for example initinol, that has been processed to return to 
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a shape suitable for distracting two adjacent vertebral bodies 
as used in the method of the present invention. Further, each 
surface of the distraction system 600 preferably has a poly 
tetrafluoroethylene or other hydrophilic coating to decrease 
friction between components of the distraction system 600. 
I0131. In another embodiment, the present invention is 
another distraction system for distracting two adjacent verte 
brae. Referring now to FIG. 23 and FIG. 24, there are shown, 
respectively, a lateral perspective view of another distraction 
system according to the present invention in the undeformed 
configuration; and a lateral perspective view of the distraction 
system in the deformed configuration. As can be seen, the 
distraction system 700 comprises a proximal connecting por 
tion 702 and a distal distracting portion 704. The proximal 
connecting portion 702 comprises a tubular structure com 
prising a solid band, a mesh or equivalent structure. The distal 
distracting portion 704 comprises a plurality of strips 706. 
Each strip is deformable from an extended undeformed con 
figuration to a curled deformed configuration. The strips 706 
are connected at their proximal end to the proximal connect 
ing portion 702. Each strip 706 is preferably tapered from the 
proximal end to the distal end. In a preferred embodiment, 
each strip 706 tapers from between about 2.5 and 3 mm wide 
at the proximal end 708 to about 1 mm wide at the distal end 
710, and tapers from about 1 mm thick at the proximal end 
708 to between about 0.1 and 0.2 mm thick at the distal end 
710. The distraction system 700 comprises a substance, such 
as shaped metal alloy, for example initinol, that has been 
processed to return to a shape suitable for distracting two 
adjacent vertebral bodies as used in the method of the present 
invention. Further, each surface of the distraction system 700 
preferably has a polytetrafluoroethylene or other hydrophilic 
coating to decrease friction between components of the dis 
traction system 700. 
0.132. The distraction system 700 can be made by any 
suitable method, as will be understood by those with skill in 
the art with reference to this disclosure. In one embodiment, 
there is provided a method of making a distraction system, 
according to the present invention. In this embodiment, the 
distraction system is made by, first, providing a cylinder of 
biocompatible, shaped metal alloy, such as nitinol. Then, a 
plurality of axial cuts are made into the cylinder to produce a 
plurality of separated strips at the distal end of the hypotube. 
In a particularly preferred embodiment, the cylinder is cut 
into three strips at the distal end. The strips that are then bent 
into tight spirals and heat annealed to return to this shape 
when undeformed. In a preferred embodiment, the group of 
spirals when undeformed has a maximum transverse profile 
of about 2 cm and a maximum axial profile of about 1 cm. In 
another embodiment, the Strips are disconnected from the 
proximal end of the cylinder and connected, such as by Sol 
dering, to a mesh cylinder made of the same or equivalent 
material. 

I0133. In another embodiment, the present invention is 
another distraction system for distracting two adjacent verte 
brae. Referring now to FIG.25, FIG. 26 and FIG. 27, there are 
shown, respectively, a lateral perspective view of the barbed 
plug of the distraction system according to the present inven 
tion in the deformed configuration (left) and in the unde 
formed configuration (right); a top perspective view (left) and 
a lateral perspective view (right) of the ratchet device of the 
distraction system in the deformed configuration; and a top 
perspective view (left) and a lateral perspective view (right) of 
the ratchet device of the distraction system in the undeformed 



US 2011/0028978 A1 

configuration. As can be seen, the distraction system 800 
comprises a barbed plug 802, and comprises a ratchet device 
804. The barbed plug 802 comprises a cylindrical or conical 
central portion 806 and a plurality of barbs 808 distally. When 
deformed, FIG. 20-left, the barbs 808 of the barbed plug 802 
contract toward the axial center of the barbed plug 802. When 
undeformed, FIG.25 (right), the barbs 808 of the barbed plug 
802 extend outward from the axial center of the barbed plug 
802. The barbed plug is formed from a cone or cylinder that is 
cut axially to form the plurality of barbs and then heat 
annealed to return to this shape. The ratchet device 804 com 
prises a series of transversely separated strips 810 connected 
at one end. The ratchet device is formed from a sheet that is 
cut transversely into a plurality of strips connected at one end 
of the sheet. The sheet is rolled axially and heat annealed to 
return to this shape. When deformed, FIG. 26 (left), the strips 
810 are tightly coiled about the central axis of the ratchet 
device 804. When undeformed, FIG. 27 (right), the strips 810 
uncoil away from the central axis of the ratchet device 804. 
Each component of the distraction system 800 comprises a 
Substance, such as shaped metal alloy, for example initinol, 
that has been processed to return to a shape suitable for 
distracting two adjacent vertebral bodies as used in the 
method of the present invention. Further, each surface of the 
distraction system 800 preferably has a polytetrafluoroethyl 
ene or other hydrophilic coating to decrease friction between 
components of the distraction system 800. 
0134. In another embodiment, the present invention is a 
method of distracting a superior vertebra from an inferior 
Vertebra using a distraction system of the present invention. 
The method comprises, first, creating a chamber is created 
within the intervertebral disk space between two adjacent 
Vertebrae. Next, a distraction system according to the present 
invention is provided and is placed within the chamber, 
thereby distracting the two adjacent vertebrae. In one 
embodiment, the distraction system comprises an introducer 
comprising a proximal insertion portion and a distal anchor 
ing portion comprising a plurality of barbs, and comprises a 
plurality of stackable, deformable spacing components. In 
this embodiment, placing the distraction system within the 
chamber comprises advancing the introducer until the barbs 
encounter cancellous bone in the Superiorportion of the distal 
vertebral body of the two adjacent vertebrae, inserting the 
plurality of spacing components in their deformed configu 
ration over the introducer into the chamber, and allowing the 
plurality of spacing components to expand to their unde 
formed configuration. In another embodiment, the distraction 
system comprises a proximal connecting portion and a plu 
rality of strips connected at their proximal end to the proximal 
connecting portion. In this embodiment, placing the distrac 
tion system within the chamber comprises advancing the 
distraction system into the chamber through a channel while 
the strips are in a straightened, deformed shape. Once in the 
chamber, the strips return to their undeformed, spiral shape 
and distract the two vertebral bodies axially. In another 
embodiment, the distraction system comprises a barbed plug 
and a ratchet device. In this embodiment, placing the distrac 
tion system within the chamber comprises advancing the 
barbed plug in the deformed configuration into the chamber 
through a channel, with either the barbs facing proximally or 
distally, until the barbed plug enter the chamber. The barbs of 
the barbed plug then extend and contact cancellous bone in 
the superior portion of the distal vertebral body of the two 
adjacent vertebrae or in the inferior portion of the proximal 
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vertebral body of the two adjacent vertebrae. Next, the ratchet 
device is advanced in the undeformed configuration through 
the channel and into the chamber and into the barbed plug. 
Once in the chamber, each strip of the ratchet device expands 
axially to prevent retraction through the channel and Suffi 
cient length of the ratchet device is advanced to cause the 
desired distraction of the two vertebrae. In a preferred 
embodiment, the distraction system is introduced bilaterally. 
In a preferred embodiment, the method comprises placing the 
distraction system through a channel created through the 
pedicle of the superior vertebra. In another preferred embodi 
ment, the method additionally comprises placing the distrac 
tion system through a sheath or hypotube, within a channel 
created through the pedicle of the superior vertebra. 
0.135 The present invention further comprises a method 
for treating diseases and conditions that change the spacial 
relationship between the vertebral bodies and the interverte 
bral disks, or that cause instability of the vertebral column, or 
both, and a method that allows the Surgeon to access the 
intervertebral space to restore a more normal three-dimen 
sional configuration of the space, with or without additionally 
fusing two adjacent vertebrae. Referring now to FIG. 28 
through FIG. 45, there are shown partial, cutaway, lateral 
perspective views illustrating some aspects of the method as 
performed on a first vertebral body 900 of a first vertebra 902, 
a second vertebral body 904 of a second vertebra 906 and an 
intervertebral disk 908 between the first vertebral body 900 
and second vertebral body 904. 
0.136. In a preferred embodiment, the method comprises, 

first, selecting a patient who is Suitable for undergoing the 
method. A Suitable patient has one or more than one change in 
the spacial relationship between a first vertebral body of first 
a vertebra, a second vertebral body of a second vertebra 
adjacent the first vertebral body, and an intervertebral disk 
908 between the first vertebral body and the second vertebral 
body, where the change in the spacial relationship is symp 
tomatic, such as causing pain, numbness, or loss of function, 
or where the change in the spacial relationship is causing real 
or potential instability, or a combination of the preceding, 
necessitating a restoration of a more normal configuration or 
a change in the confirmation of the spacial relationship 
between the first vertebral body and the second vertebral 
body, or necessitating fusion of the first vertebra and the 
second vertebra, or necessitating both. However, other dis 
eases and conditions can also be treated by the present meth 
ods, as will be understood by those with skill in the art with 
reference to this disclosure. Among the diseases and condi 
tions potentially Suitable for treatment are degenerated, her 
niated, or degenerated and herniated intervertebral disks, 
degenerative Scoliosis, disk or vertebral body infections, 
space occupying lesions such as malignancies, spinal Steno 
sis, spondylosis, spondylolisthesis, and Vertebral instability, 
and injuries, including vertebral fractures due to trauma or 
osteoporosis, and to Surgical manipulations, that change the 
spacial relationship between the vertebral bodies and the 
intervertebral disks, causing pain, disability or both, and that 
cause instability of the vertebral column. While the present 
method is disclosed and shown with respect to the first ver 
tebral body 900 being superior to the second vertebral body 
904, the present method can also be used with respect to a first 
vertebral body 900 that is inferior to the second vertebral 
body 904, as will be understood by those with skill in the art 
with reference to this disclosure. 
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0.137 Next, transpedicular access to the first vertebral 
body 900 is obtained percutaneously, as shown in FIG. 28. In 
a preferred embodiment, the transpedicular access is obtained 
by inserting a Suitable gauge bone biopsy needle 910. Such as 
an 11-gauge bone biopsy needle (available, for example, from 
Parallax Medical, Scotts Valley, Calif., US: Allegiance Health 
Care, McGaw Park, Ill., US; and Cook, Inc., Bloomington, 
Ind., US), through one pedicle of the first vertebra under 
Suitable guidance, such as fluoroscopic guidance. In a par 
ticularly preferred embodiment, transpedicular access is 
obtained bilaterally and the method disclosed in this disclo 
sure is repeated bilaterally. Performance of the method bilat 
erally allows greater removal of disk material, and thus, a 
larger intervertebral cavity for the deposition of bone matrix 
material. Then, a suitable gauge guidewire 912. Such as a 1 
mm diameter guidewire, is inserted into the first vertebral 
body 900 through the biopsy needle 910, as shown in FIG. 28, 
and the biopsy needle 910 is removed leaving the inserted 
guidewire 912. 
0138 Next, a suitable, non-flexible bone drill 914 is 
inserted over the guidewire 912, as shown in FIG. 29, and the 
non-flexible bone drill 914 is actuated under guidance, 
thereby enlarging the channel created by the biopsy needle 
910 and guidewire 912 to approximately 4.5 mm in diameter 
and extending into approximately the posterior third of the 
first vertebral body 900. In one embodiment, a straight drill 
sheath (not shown) such as a 0.25 mm thick, plastic tube 
having an outer diameter of 5 mm is inserted over the 
guidewire 912 through the connective tissues and muscula 
ture overlying the first vertebra 902 before inserting the 
straight drill, and the straight drill is inserted over the 
guidewire 912 but within the straight drill sheath. In this 
embodiment, the straight drill sheath protects the connective 
tissues and musculature (not shown) overlying the first ver 
tebra 902 from contact with the non-flexible bone drill 914. 

0139 Next, the non-flexible bone drill 914 sheath is 
removed and, as can be seen in FIG. 30, replaced with a 
transpedicular working sheath 916 that is inserted over the 
non flexible bone drill 914 into the space created by the 
non-flexible bone drill 914. The non-flexible bone drill 914 is 
removed and a retainer tube 918 is advanced through the 
transpedicular working sheath 916 until the distal tip of the 
retainer tube 918 exits the distal end of the transpedicular 
working sheath916. Then, a first flexible drill 920 is intro 
duced through the entire length of the retainer tube 918. In a 
preferred embodiment, the retainer tube 918 is a device 
according to the present invention. In another preferred 
embodiment, the flexible drill 920 is a device according to the 
present invention. As shown in FIG. 30, a flexible drill 920 is 
advanced through the proximal portion of the retainer tube 
918 and out of the distal beveled end of the retainer tube 918 
causing the long axis of a flexible drill 920 to make an 
approximately 90° angle with the long axis of the retainer 
tube 918. A flexible drill 920 is actuated, creating a channel 
through the first vertebral body 900 and into the intervertebral 
disk 908 in a superior to inferior direction. 
0140. Next, the first flexible drill 920 is removed. In a 
preferred embodiment, a biocompatible guidewire (not 
shown), between about 0.4mm and 1 mm in diameter, is then 
inserted through the pathway and into the intervertebral disk 
908to create a support structure, leaving the support structure 
and transpedicular working sheath916. 
0141. In a preferred embodiment, a second flexible drill 
(not shown) according to the present invention, but with a 
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drilling tip having a larger cross-sectional diameter than the 
first flexible drill 920 is advanced through the transpedicular 
working sheath916, and over the support structure if present. 
The second flexible drill is actuated, thereby enlarging the 
channel created by the first flexible drill 920 into the interver 
tebral disk 908. The final channel diameter, whether or not a 
second flexible drill is used, is preferably between about 4 
mm and 5 mm in diameter. The second flexible drill, if used, 
and the transpedicular working sheath 916 are then with 
drawn. If the remainder of the method is to be done using an 
over-the-wire technique, the Support structure is left in place, 
if it is used, as will be understood by those with skill in the art 
with reference to this disclosure. The Figures, however, 
depict the method using non-over-the-wire technique. 
0.142 Next, as shown in FIG. 31, FIG. 32, FIG. 33 and 
FIG. 34, a flexible sheath922, such as a flexible braided or 
metal sheath, is advanced over the Support structure through 
the enlarged channel created by the flexible drill. Then, a 
cutting device 924 or an enucleation device 926, or an equiva 
lent device, or more than one device sequentially, is advanced 
through the flexible sheath 922 until the distal end of the 
cutting device 924 or the enucleation device 926 is within the 
intervertebral disk 908. In one embodiment, the cutting 
device 924 is a device according to the present invention. In 
another embodiment, the enucleation device 926 is a device 
according to the present invention. The cutting device 924, if 
used, is then actuated as shown in FIG. 31, FIG. 32, FIG. 33 
and FIG. 34, or the enucleation device 926, if used, is then 
actuated as shown in FIG. 35 and FIG. 36, under suitable 
guidance. Such as fluoroscopic guidance, removing a section 
of intervertebral disk 908 material and, preferably, a portion 
of one or both endplates defining the intervertebral disk 908, 
preferably leaving cortical bone exposed on either the Supe 
rior aspect 928 of the intervertebral disk 908, the inferior 
aspect 930 of the intervertebral disk 908, or preferably both 
the superior aspect 928 and the inferior aspect 930 of the 
intervertebral disk 908. In a preferred embodiment, the sec 
tion of endplate removed comprises about 2 cm in Sagittal 
cross-section. In a preferred embodiment, the section of end 
plate removed comprises about 30% of the endplate in sagittal 
cross-section. However, the annulus fibrosis is preferably 
preserved circumferentially. Then, the cutting device 924 or 
enucleation device 926 is removed and the debris is removed 
from the intervertebral disk 908 using suction, by flushing 
with a suitable solution Such as Saline, or by a combination of 
Suction and flushing. 
0.143 Next, as shown in FIG. 37 and FIG. 38, a fusion 
agent containment device 932 is introduced into the empty 
space created by the cutting device 924 or the enucleation 
device 926, or both, and deployed. In a preferred embodi 
ment, as shown in FIG. 37 and FIG. 38, the fusion agent 
containment device 932 is a fusion agent containment device 
according to the present invention. However, other fusion 
agent containment devices are also Suitable, as will be under 
stood by those with skill in the art with reference to this 
disclosure. In another preferred embodiment, introduction 
and deployment of the fusion agent containment device 932 is 
accomplished by tightly coiling the fusion agent containment 
device 932 within a deployment device comprising a flexible 
tube for containing the coiled fusion agent containment 
device 932 and a central wire having a discharge tip for 
pushing the coiled fusion agent containment device 932 out of 
the flexible tube and into the empty space created by the 
enucleation device. Once in the empty space, the fusion agent 
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containment device 932 returns to its unstressed shape, cre 
ating a lined chamber within the intervertebral disk 908. Next, 
the lined empty chamber is filled with a fusion agent, such as 
an agent comprising compatible bone matrix, thereby creat 
ing a boney fusion between the first vertebral body 900 and 
the second vertebral body 904. Suitable bone matrix, for 
example, is VITOSSTM, available from Orthovita, Malvern, 
Pa. US and GRAFTONR Plus available from Osteotech, Inc., 
Eatontown, N.J. US, as well as demineralized cadaveric bone 
matrix material that has been mixed with a bone morphoge 
netic protein, with or without the patient's own bone marrow, 
to be both osteoconductive and osteoinductive. 

0144. In a preferred embodiment, as shown in FIG. 39. 
FIG. 40, FIG. 41, FIG. 42, FIG. 43 and FIG. 44, the method 
further comprises introducing a distraction system 934,936, 
938 into the chamber, either before filing the chamber with 
the fusion agent, or after filing the chamber with the fusion 
agent but before the fusion agent has set. Alternately, the 
chamber can be partially filled with a fusion agent, the dis 
traction system 934,936,938 introduced before the fusion 
agent has set and an additional fusion agent can be added to 
the chamber. The distraction system 934,936,938 can be any 
suitable structure, as will be understood by those with skill in 
the art with reference to this disclosure. In a preferred 
embodiment, the distraction system 934, 936, 938 is a dis 
traction system 934,936,938 according to the present inven 
tion. FIG.31, FIG.32, FIG.33, FIG.34, FIG.35 and FIG. 36, 
show three such distraction systems 934, 936, 938 being 
deployed. The distraction system 934, 936, 938 serves to 
distract, that is, to increase axial separation of the first verte 
bra 902 from the second vertebra 906, and to provide support 
for the deposited fusion material. 
0145. In a preferred embodiment, as shown in FIG. 45, the 
method further comprises performing an additional fusion 
procedure to join the first vertebra 902 to the second vertebra 
906. In one embodiment, as can be seen in FIG. 45, the 
additional fusion procedure comprises placing pedicle screws 
940 into the transpedicular channel left from performing the 
method of the present invention, and connecting the pedicle 
screws 940 by spacing devices 942, as will be understood by 
those with skill in the art with reference to this disclosure. 
However, any suitable additional fusion procedure can be 
used, as will be understood by those with skill in the art with 
reference to this disclosure. 

0146 In a preferred embodiment, the method is performed 
on at least three adjacent vertebral bodies and at the two 
intervertebral disks between the at least three adjacent verte 
bral bodies by accessing the vertebral bodies and interverte 
bral disks, either unilaterally or bilaterally, transpedicularly at 
only one vertebral level. Each aspect of this embodiment of 
the method corresponds to the equivalent aspect disclosed 
with respect to performing the method on only two adjacent 
vertebrae and the intervertebral disk between the two verte 
brae, as will be understood by those with skill in the art with 
reference to this disclosure. 

0147 Referring now to FIG. 46 through FIG. 54, there are 
shown partial, cutaway, lateral perspective views illustrating 
some aspects of this embodiment of the method as performed 
ona first vertebral body 1000 of a first vertebra 1002, a second 
vertebral body 1004 of a second vertebra 1006, an interver 
tebral disk 1008 between the first vertebral body 1000 and 
second vertebral body 1004, a third vertebral body 1010 of a 
third vertebra 1012 and an intervertebral disk 1014 between 
the second vertebral body 1004 and third vertebral body 
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1010. As can be seen, after selecting a suitable patient, trans 
pedicular access to the first vertebral body 1000 is obtained 
percutaneously and a non-flexible bone drill is used to access 
the intervertebral disk 1008 between the first vertebral body 
1000 and the second vertebral body 1004 substantially as 
disclosed above. However, in this embodiment, a flexible drill 
1016 is used to continue making a channel completely 
through the intervertebral disk 1008 between the first vertebra 
1002 and second vertebral body 1004, FIG. 46, through the 
second vertebral body 1004 and into the intervertebral disk 
1008 between the second vertebral body 1004 and the third 
vertebral body 1010, FIG. 47. Next, the intervertebral disk 
1008 between the second vertebral body 1004 and the third 
vertebral body 1010, as well as a portion of the inferior 
endplate 1018 of the second vertebral body 1004 and the 
superior endplate 1020 of the third vertebral body 1010, are 
removed using a cutting device (not shown) or an enucleation 
device 1022 or both, or an equivalent device, FIG.48 and FIG. 
49. Then, a fusion agent containing device 1024 is deployed 
into the intervertebral 1014 between the second vertebral 
body 1004 and the third vertebral body 1010 and in the 
intervertebral disk 1008 between the first vertebral body 1000 
and the second vertebral body 1004, FIG. 50. In a preferred 
embodiment, a distraction system 1026 is placed within the 
fusion agent containing device 1024 in both the intervertebral 
disk 1008 between the first vertebra 1002 and second verte 
bral body 1004, and the intervertebral disk 1008 between the 
second vertebral body 1004 and the third vertebral body 
1010, FIG. 51, FIG. 52, FIG. 53 and FIG. 54. Next, each 
fusion agent containing device 1024 is filled with fusion 
agent, thereby fusing the first vertebra 1002 to the second 
vertebra 1006, and fusing the second vertebra 1006 to the 
third vertebra. Additionally, in a preferred embodiment, (not 
shown), an additional fusion procedure can be performed to 
join the first vertebra 1002 with the second vertebra 1006, to 
join the second vertebra 1006 with the third vertebra, or both, 
in a manner corresponding to FIG. 45. 
0148 Although the present invention has been discussed 
in considerable detail with reference to certain preferred 
embodiments, other embodiments are possible. Therefore, 
the scope of the appended claims should not be limited to the 
description of preferred embodiments contained in this dis 
closure. All references cited herein are incorporated by ref 
erence to their entirety. 

1. A blade assembly for use with a cutting device, the blade 
assembly comprising: 

a blade comprising a flexible portion that is capable of 
being deformed to enable the blade to be placed in a 
retracted position; 

a blade wing, attached to the blade, wherein the blade wing 
is oriented at an angle to the blade and facilitates passage 
of the blade though a sheath; and 

a connection portion for connecting the blade assembly to 
a shaft. 

2. The blade assembly of claim 1 wherein the blade, blade 
wing and connection portion are integrally formed from a 
flexible material. 

3. The blade assembly of claim 2 wherein the flexible 
material further comprises initinol. 

4. The blade assembly of claim 1 wherein the blade wing is 
oriented at an angle substantially in the range of 130° to 140°. 

5-10. (canceled) 
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11. A cutting device for use in percutaneous procedures, 
the device comprising: 

a cutting head extending from a shaft, the cutting head 
comprising: 
a first blade extending from a central portion of the 

cutting head, the first blade movable between a first 
insertion configuration and a first cutting configura 
tion, wherein the first blade extends generally along a 
longitudinal axis of the shaft in the first insertion 
configuration and extends generally perpendicular to 
the longitudinal axis in the first cutting configuration; 

a second blade extending from the central portion of the 
cutting head, the second blade movable between a 
second insertion configuration and a second cutting 
configuration, wherein the second blade extends gen 
erally along the longitudinal axis of the shaft in the 
second insertion configuration and extends generally 
perpendicular to the longitudinal axis opposite the 
first blade in the second cutting configuration; 

a first wing extending from a distal end of the first blade 
at a first oblique angle relative to the first blade such 
that the first wing extends at an oblique angle with 
respect to the longitudinal axis of the shaft when the 
first blade is in both the first insertion configuration 
and the first cutting configuration, the first wing 
extending distally beyond the distal end of the first 
blade and having a distal most tip pointing inwardly 
toward the longitudinal axis when the first blade is in 
the first insertion configuration; 

a second wing extending from a distal end of the second 
blade at a second oblique angle relative to the second 
blade Such that the second wing extends at an oblique 
angle with respect to the longitudinal axis of the shaft 
when the second blade is in both the second insertion 
configuration and the second cutting configuration, 
the second wing extending distally beyond the distal 
end of the second blade and having a distal most tip 
pointing inwardly toward the longitudinal axis when 
the second blade is in the second insertion configura 
tion; 

a first transition portion defined by a first interface 
between the distalend of the first blade and a proximal 
end of the first wing, the first transition portion being 
an arcuate bend such that the distal end of the first 
blade, the first transition portion, and the proximal 
end of the first wing have a substantially constant 
thickness; and 

a second transition portion defined by a second interface 
between the distal end of the second blade and a 
proximal end of the second wing, the second transi 
tion portion being an arcuate bend Such that the distal 
end of the second blade, the second transition portion, 
and the proximal end of the second wing have a Sub 
stantially constant thickness. 

12. The device of claim 11 wherein the first and second 
blades, and the first and second wings are integrally formed 
from a resiliently flexible material. 

13. The device of claim 12, wherein the resiliently flexible 
material comprises initinol. 

14. The device of claim 13, wherein the first oblique angle 
is between about 130° and about 140°. 
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15. The device of claim 14, wherein the second oblique 
angle is between about 130° and about 140°. 

16. The device of claim 15, wherein the flexible section of 
the shaft comprises a plurality of slots formed in the shaft. 

17. The device of claim 11, wherein the first and second 
blades are biased towards the first and second cutting con 
figurations. 

18. The device of claim 17, wherein the first and second 
blades are Substantially symmetrical about the longitudinal 
aX1S. 

19. The device of claim 11, wherein the first and second 
blades are asymmetrical about the longitudinal axis. 

20. A cutting device for use in percutaneous procedures, 
the device comprising: 

a cutting head extending from a distal portion of a shaft, the 
cutting head comprising: 
a first blade having a main portion adjacent the shaft and 

a wing portion extending from the main portion and 
spaced from the shaft, the first blade having a bend 
between the main portion and the wing portion Such 
that the wing portion extends at an oblique angle 
relative to the main portion, the first blade having 
opposing planar Surfaces and a constant thickness 
between the opposing planar Surfaces across the main 
and wing portions; and 

a second blade having a main portion adjacent the shaft 
and a wing portion extending from the main portion 
and spaced from the shaft, the second blade having a 
bend between the main portion and the wing portion 
such that the wing portion extends at an oblique angle 
relative to the main portion, the second blade having 
opposing planar Surfaces and a constant thickness 
between the opposing planar Surfaces across the main 
and wing portions; 

the first and second blades movable between an insertion 
configuration and a cutting configuration, where the 
first and second blades extend generally along alon 
gitudinal axis of the shaft in the insertion configura 
tion and extend generally perpendicular to the longi 
tudinal axis in the cutting configuration. 

21. The device of claim 20, wherein the first and second 
blades extend substantially symmetrically relative to the lon 
gitudinal axis. 

22. The device of claim 20, wherein the wing portions of 
the first and second blades extend at an oblique angle between 
about 130° and about 140° relative to the main portions of the 
first and second blades, respectively. 

23. The device of claim 20, wherein a majority of the first 
blade has a constant width across the main and wing portions 
in a direction perpendicular to the thickness between the 
opposing planar Surfaces. 

24. The device of claim 20, wherein the first and second 
blades comprise a resiliently flexible material biased towards 
the cutting configuration. 

25. The device of claim 24, wherein the resiliently flexible 
material comprises initinol. 

26. The device of claim 20, wherein the wing portions of 
the first and second blades each have a distal most tip pointing 
inwardly toward the longitudinal axis when the first and sec 
onds blade are in the insertion configuration. 

c c c c c 


