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FROST BROWN TODD, LLC A percutaneous surgical device and method for creating a 
2200 PNC CENTER, 201 E. FIFTH STREET Cavity Within tissue during a minimally invasive procedure. A 
CINCINNATI, OH 45202 (US) cavitation device includes a shaft interconnected to a ?exible 

cutting element. A ?exible cutting element has a ?rst shape 
_ suitable for minimally invasive passage into tissue. The ?ex 

(21) Appl' NO" 12/795’914 ible cutting element has a means to move toWard a second 
_ shape suitable for forming a cavity in tissue. When used in 

(22) Flledi Jun- 81 2010 bone, the resulting cavity is usually ?lled With bone cement or 
suitable bone replacement material that is inj ectable and 

Related U_s_ Application Data hardens in situ. The disclosed cavitation device and methods 
_ _ _ _ can be used for the following applications: (1) treatment or 

(63) COIlIlIluaUOH 0f aPPhCaUOII NO- 10/ 81 8,452, ?led on prevention of bone fracture, (2) joint fusion, (3) implant ?xa 
Apr. 5, 2004, Which is a continuation of application 
No. 09/872,042, ?led on Jun. 1, 2001, noW Pat. No. 
6,746,451. 

tion, (4) tissue harvesting (especially bone), (5) removal of 
diseased tissue (hard or soft tissue), and (6) general tissue 
removal (hard or soft tissue). 
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TISSUE CAVITATION DEVICE AND METHOD 

PRIORITY 

[0001] The application claims priority to and is a continu 
ation of US. Non-Provisional patent application Ser. No. 
10/818,452, entitled “Tissue Cavitation Device and Method,” 
?led Apr. 5, 2004, Which is a continuation of US. Non 
Provisional patent application Ser. No. 09/872,042, entitled 
“Tissue Cavitation Device and Method”, ?led Jun. 1, 2001, 
now US. Pat. No. 6,746,451, the disclosures of Which are 
herein incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to surgical 
devices and methods and, more particularly, to minimally 
invasive surgical devices and methods for creating a cavity 
Within hard or soft tissue. 

BACKGROUND OF THE INVENTION 

[0003] Surgeons are using minimally invasive surgical 
techniques on an increasing basis for the treatment of a Wide 
variety of medical conditions. Such techniques typically 
involve the insertion of a surgical device through a natural 
body ori?ce or through a relatively small incision using a tube 
or cannula. In contrast, conventional surgical techniques, 
typically involve a signi?cantly larger incision and are there 
fore sometimes referred to as open surgery. Thus, as com 
pared With conventional techniques, minimally invasive sur 
gical techniques offer the advantages of minimiZing trauma to 
healthy tissue, minimiZing blood loss, reducing the risk of 
complications such as infection, and reducing recovery time. 
Further, certain minimally invasive surgical techniques can 
be performed under local anesthesia or even, in some cases, 
Without anesthesia, and therefore enable surgeons to treat 
patients Who Would not tolerate the general anesthesia 
required by conventional techniques. 
[0004] Surgical procedures often require the formation of a 
cavity Within either soft or hard tissue, including bone. Tissue 
cavities are formed for a Wide variety of reasons, such as for 
the removal of diseased tissue, for harvesting tissue in con 
nection With a biopsy or autogenous transplant, and for 
implant ?xation. To achieve the bene?ts associated With mini 
mally invasive techniques, tissue cavities should be formed 
by creating only a relatively small access opening in the target 
tissue. An instrument or device can then be inserted through 
the opening and used to form a holloW cavity that is signi? 
cantly larger than the access opening. Depending on the spe 
ci?c application, the shape of the desired cavity can be spheri 
cal, hemispherical, cylindrical, or any number of different 
combinations or variations of such shapes. 
[0005] One important surgical application requiring the 
formation of a cavity Within tissue is the surgical treatment 
and prevention of skeletal fractures associated With 
osteoporosis, Which is a metabolic disease characterized by a 
decrease in bone mass and strength. The disease leads to 
skeletal fractures under light to moderate trauma and, in its 
advanced state, can lead to fractures under normal physi 
ologic loading conditions. It is estimated that osteoporosis 
affects approximately 15-20 million people in the United 
States and that approximately 1.3 million neW fractures each 
year are associated With osteoporosis, With the most common 
fracture sites being the hip, Wrist and vertebrae. 
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[0006] An emerging prophylactic treatment for osteoporo 
sis involves replacing Weakened bone With a stronger syn 
thetic bone substitute using minimally invasive surgical pro 
cedures. The Weakened bone is ?rst surgically removed from 
the affected site, thereby forming a cavity. The cavity is then 
?lled With an injectable synthetic bone substitute and alloWed 
to harden. The synthetic bone substitute provides structural 
reinforcement and thus lessens the risk of fracture of the 
affected bone. Without the availability of minimally invasive 
surgical procedures, hoWever, the prophylactic ?xation of 
osteoporosis-Weakened bone in this manner Would not be 
practical because of the increased morbidity, blood loss and 
risk of complications associated With conventional proce 
dures. Moreover, minimally invasive techniques tend to pre 
serve more of the remaining structural integrity of the bone 
because they minimiZe surgical trama to healthy tissue. 
[0007] Other less common conditions in Which structural 
reinforcement of bone can be appropriate include bone cancer 
and avascular necrosis. Surgical treatment for each of these 
conditions can involve removal of the diseased tissue by 
creating a tissue cavity and ?lling the cavity With a stronger 
synthetic bone substitute to provide structural reinforcement 
to the affected bone. 

[0008] Existing devices for forming a cavity Within soft or 
hard tissue are relatively complex assemblies consisting of 
multiple components. US. Pat. No. 5,445,639 to Kuslich et 
al. discloses an intervertebral reamer for use in fusing con 
tiguous vertebra. The Kuslich et al. device comprises a cylin 
drical shaft containing a mechanical mechanism that causes 
cutting blades to extend axially from the shaft to cut a tissue 
cavity as the shaft is rotated. The shaft of the Kuslich et al. 
device, hoWever, has a relatively large diameter in order to 
house the blade extension mechanism, and therefore it is 
necessary to create a relatively large access opening to insert 
the device into the body. The complexity of the device leads to 
increased manufacturing costs and may also raise concerns 
regarding the potential for malfunction. 
[0009] US. Pat. No. 5,928,239 to MirZa discloses a percu 
taneous surgical cavitation device and method useful for 
forming a tissue cavity in minimally invasive surgery. The 
MirZa device comprises an elongated shaft and a separate 
cutting tip that is connected to one end of the shaft by a 
freely-rotating hinge, as shoWn in FIG. 1 hereto. The cutting 
tip of the MirZa device rotates outWard about the hinge, 
thereby permitting the device to cut a tissue cavity that is 
larger than the diameter of the shaft. HoWever, the MirZa 
device relies on rotation of the shaft at speeds ranging from 
40,000 to 80,000 rpm to cause the cutting tip to rotate outWard 
about the hinge. Such high rotational speeds can only be 
produced by a poWered surgical drill and certainly cannot be 
produced by manual rotation. Thus, the MirZa device does not 
permit the surgeon to exercise the precise control that can be 
attained through manual rotation. Moreover, there may be a 
concern for structural failure or loosening of the relatively 
small hinge assembly at such a high rotational speed When 
operated in bone. The high rotational speed of the MirZa 
device may also generate excessive heat that could damage 
healthy tissue surrounding the cavity. 
[0010] US. Pat. No. 6,066,154 to Reiley et al. discloses an 
in?atable, balloon-like device for forming a cavity Within 
tissue. The Reiley et al. device is inserted into the tissue and 
then in?ated to form the cavity by compressing surrounding 
tissue, rather than by cutting aWay tissue. The Reiley et al. 
device, hoWever, is not intended to cut tissue, and at least a 
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small cavity must therefore be cut or otherwise formed in the 
tissue in order to initially insert the Reiley et al. device. 
[0011] Thus, a need continues to exist for a tissue cavitation 
device and method that can form tissue cavities of various 
shapes that are signi?cantly larger than the access opening in 
the target tissue. A need also exists for a cavitation device that 
is of relatively simple construction and inexpensive to manu 
facture, that can be operated either manually or by a poWered 
surgical drill, and that, in the case of manual operation, pro 
vides the surgeon With increased control over the siZe and 
shape of the cavity formed. 

SUMMARY OF THE INVENTION 

[0012] The present invention comprises an improved tissue 
cavitation device and method that utiliZes shape-changing 
behavior to form cavities in either hard or soft tissue. The 
shape-changing behavior enables the device to be inserted 
into tissue through a relatively small access opening, yet also 
enables the device to form a tissue cavity having a diameter 
larger than the diameter of the access opening. Thus, the 
invention is particularly useful in minimally invasive surgery, 
and can be used for at least the folloWing speci?c applica 
tions, among others: (1) treatment or prevention of bone 
fracture, (2) joint fusion, (3) implant ?xation, (4) tissue har 
vesting (especially bone), (5) removal of diseased tissue (hard 
or soft tissue), and (6) general tissue removal (hard or soft 
tissue). 
[0013] The cavitation device of the present invention com 
prises a rotatable shaft having a ?exible cutting element that 
is adapted to move betWeen a ?rst shape and a second shape 
during the process of forming an internal cavity Within tissue. 
The process of forming the cavity primarily involves cutting 
tissue as the shaft is rotated about its longitudinal axis, but 
those skilled in the art Will appreciate that the device also can 
form a cavity by impacting tissue or displacing tissue as the 
shaft is either partially or completely rotated. The internal 
cavity formed by the device has a signi?cantly larger diameter 
than the diameter of the initial opening used to insert the 
device into the tissue. The present invention also comprises 
?exing means for biasing the ?exible cutting element to move 
from its ?rst shape to its second shape. One such means 
comprises spring bias arising from elastic deformation of the 
?exible cutting element. A second such means comprises bias 
arising from the behavior of a thermal shape-memory alloy. A 
third such means comprises bias arising from centrifugal 
force generated as the shaft is rotated. A fourth such means 
comprises a tension cable that forcefully actuates the shape 
change of the ?exible cutting element. The device of the 
invention can be operated by conventional surgical drills, and 
some embodiments also can be manually operated using a 
conventional T-handle. When a T-handle is used to operate the 
device, the T-handle also can be adapted to apply tension to 
the tension cable. 
[0014] During minimally invasive surgery, the ?exible cut 
ting element of the cavitation device can be adapted to assume 
a ?rst shape for insertion of the device into tissue through a 
tube placed percutaneously, thereby creating only a relatively 
small access opening in the tissue. Depending on the appli 
cation and siZe, the insertion tube can be a trochar, a cannula, 
or a needle. As the device is inserted beyond the distal end of 
the insertion tube, the ?exible cutting element is adapted to 
assume a second shape for forming a cavity in tissue upon 
rotation of the shaft. When it assumes the second shape, the 
?exible cutting element extends or projects aWay from the 
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longitudinal axis of the shaft. Thus, the diameter of the cavity 
is greater than the diameter of the initial access opening or 
pilot hole. In addition to cutting, a ?exible cutting element is 
capable of displacing and impacting tissue aWay from the axis 
of the shaft. 
[0015] According to one method of the present invention, 
the periphery of the target tissue, such as bone, can be 
accessed With an insertion tube placed percutaneously, and a 
pilot hole can be formed in the bone With a standard surgical 
drill and drill bit. Next, the cavitation device of the present 
invention is inserted to the depth of the pilot hole and rotated. 
As the ?exible cutting element of the device moves from its 
?rst shape to its second shape, portions of the cutting element 
forcefully extend aWay from the longitudinal axis of the shaft, 
thereby forming a tissue cavity. Emulsi?ed bone can be 
removed through knoWn irrigation and suction methods. In 
the case of bone harvesting, the abated bone is used at another 
surgical site to promote healing of a bony de?cit or to promote 
joint fusion. The cavity can then be ?lled With a suitable bone 
substitute that is injectable and hardens in situ. In the case of 
removing and replacing osteoporotic bone, the cavity is ?lled 
With structural synthetic bone or bone cement. Since the 
device and methods of the present invention are minimally 
invasive, they can be used for the prevention of osteoporosis 
related fractures in individuals at high risk. Skeletal structures 
Where osteoporosis related fractures are common include the 
radius, femur, and vertebral bodies. 
[0016] Surgeons can create cavities of various shapes and 
siZes With the device and methods of the present invention. 
For example, cavities of various shapes and siZes can be 
formed by moving the cavitation device along its axis of 
rotation or transverse to its axis of rotation. The siZe and shape 
of the cavity also can be modi?ed by adjusting the insertion 
angle of the shaft (or the insertion tube, if one is used) With 
respect to the tissue angle. Tissue cavities of various shapes 
and siZes also can be interconnected to form more complex 
shapes. 
[0017] The objects and advantages of the present invention 
include simplicity, Wherein a ?exible cutting element elimi 
nates the need for complex assemblies With numerous mov 
ing parts. The shape-changing behavior of the ?exible cutting 
element enables the device to be adapted to a shape suitable 
for minimally invasive placement in tissue. The inherent out 
Ward forces associated With the shape change of the ?exible 
cutting element assist in the cutting and displacement of 
tissue during the process of forming a cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a sectional vieW of the proximal end of the 
human femur and shoWs the prior art cavitation device dis 
closed in US. Pat. No. 5,928,239 to MirZa. 
[0019] FIG. 2A is a perspective vieW shoWing a cavitation 
device of the present invention attached to a surgical drill. 
FIG. 2B is a detailed vieW of the distal end of the device 
depicted in FIG. 2A and shoWs a ?exible cutting element. 
[0020] FIGS. 3A to 3 C are perspective vieWs shoWing a 
?rst embodiment of the cavitation device of the present inven 
tion. 
[0021] FIGS. 4A to 4 C are perspective vieWs shoWing a 
second embodiment of the cavitation device of the present 
invention. 
[0022] FIGS. 5A and 5B are perspective vieWs shoWing a 
cavitation device of the present invention having serrations, 
cutting ?utes and an irrigation passage as additional features. 
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[0023] FIG. 6 is a perspective view showing a third embodi 
ment of the cavitation device of the present invention. 
[0024] FIGS. 7A and 7B are perspective views showing a 
fourth embodiment of the cavitation device of the present 
invention. 
[0025] FIG. 8A is a perspective view showing a ?fth 
embodiment of the cavitation device of the present invention. 
FIG. 8B is a sectional view of the device shown in FIG. 8A. 
[0026] FIGS. 9A and 9B are perspective views showing a 
sixth embodiment of the cavitation device of the present 
invention. 
[0027] FIG. 10A is a perspective view showing a seventh 
embodiment of the cavitation device of the present invention 
attached to a T-handle. FIG. 10B is a detailed view showing 
the ?exible cutting element of the device shown in FIG. 10A. 
[0028] FIGS. 11A to 11F are sectional views depicting the 
method of using the present invention to form a cavity in bone 
and ?lling the cavity with a bone substitute material. 
[0029] FIG. 12A is a sectional view of the proximal end of 
the human femur showing a cavitation device of the present 
invention creating a cavity to remove osteoporotic bone. 
[0030] FIG. 12B shows the cavity ofFIG. 12A ?lled with a 
synthetic bone substitute to strengthen the femur. 
[0031] FIG. 13A is a schematic sectional view showing a 
cavitation device of the present invention creating a cavity 
between spinal vertebral bodies. FIG. 13B shows the cavity of 
FIG. 13A ?lled with synthetic bone material to achieve joint 
fusion. 
[0032] FIG. 14A is a sectional view showing a cavitation 
device of the present invention creating a generally hemi 
spherical cavity within osteoporotic bone. FIG. 14B shows 
the cavity of FIG. 14A ?lled with a synthetic bone substitute 
to strengthen the attachment of a bone screw. 
[0033] FIG. 15 shows a schematic representation of the 
human pelvis and the cavitation device of the present inven 
tion harvesting bone from the iliac crest by minimally inva 
sive surgical techniques. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Throughout the following description and the draw 
ings, like reference numerals are used to identify like parts of 
the present invention. FIG. 2A shows a cavitation device 100 
of the present invention attached to a surgical drill 12. Surgi 
cal drill 12 is battery powered and is shown to illustrate one 
possible means of operation. There are numerous other 
options for either powered or manual operation of cavitation 
device 100. For powered operation, the device can be used 
with a variety of readily available surgical drills that are 
pneumatic or electric, such as drills manufactured by Mathys 
International, Ltd. For manual operation, the shaft of the 
device can be connected to a conventional T-handle, which is 
a surgical device that is well known to those skilled in the art. 
A supplier of a multi-purpose T-handle is Beere Precision 
Medical Instruments. 
[0035] As shown in FIG. 2B, cavitation device 100 com 
prises a rotatable shaft 110, a ?exible cutting element 120, 
and a cutting tip 130. Rotatable shaft 110 has a longitudinal 
axis 111 and preferably has a generally circular cross-section, 
but other cross-sections, such as a generally square cross 
section, are within the scope of the invention. The diameter of 
rotatable shaft 110 is typically within a range of about 3 to 8 
millimeters for minimally invasive surgery. However, other 
diameters outside this range also are within the scope of the 
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invention. Flexible cutting element 120 is disposed at one of 
the two ends of rotatable shaft 110 and is preferably formed 
from the same piece of material as rotatable shaft 110 for 
added strength and durability. Those skilled in the art will 
appreciate that the integrally formed construction of rotatable 
shaft 110 and ?exible cutting element 120 also reduces manu 
facturing costs. Flexible cutting element 120 has a free end 
121 and a relatively thin, rectangular cross-section. Thus, 
?exible cutting element 120 is consistent with a machine 
element known as a leaf spring and also is consistent with a 
structural element known as a cantilever beam. Because of 
this con?guration, ?exible cutting element 120 is adapted to 
?ex between a ?rst shape 122, in which ?exible cutting ele 
ment 120 is substantially colinear with the longitudinal axis 
111 of rotatable shaft 110, and a second shape 123, in which 
?exible cutting element 120 extends or projects away from 
longitudinal axis 111 in the general shape of a curvilinear arc, 
as shown in FIG. 2B. 

[0036] FIGS. 3A to 3 C further illustrate the shape-chang 
ing behavior of cavitation device 100. As shown in FIG. 3A, 
when ?exible cutting element 120 is in its initial, undeformed 
state (i.e., spring unloaded), it extends or projects away from 
longitudinal axis 111 of rotatable shaft 110. However, as 
shown in FIG. 3B, cavitation device 100 is dimensioned to 
pass telescopically through the interior of an insertion tube 
14. Depending on the particular surgical application, inser 
tion tube 14 can be a trochar, a cannula, or a needle. As 
cavitation device 100 is placed within insertion tube 14, ?ex 
ible cutting element 120 experiences elastic deformation (i.e., 
spring loaded) and assumes ?rst shape 122, in which ?exible 
cutting element 120 is substantially colinear with longitudi 
nal axis 111. Cutting tip 130 helps to keep ?exible cutting 
element 120 aligned within insertion tube 14 as it is passed 
telescopically through insertion tube 14. Referring now to 
FIG. 3C, as ?exible cutting element 120 extends past the 
distal end 15 of insertion tube 14, ?exing means, which in this 
embodiment is spring bias arising from elastic deformation, 
tends to move ?exible cutting element 120 from ?rst shape 
122 toward second shape 123. Consistent with spring 
mechanics, ?exible cutting element 120 seeks to return to 
second shape 123 because it is a spring unloaded con?gura 
tion. By reversing the insertion process, cavitation device 100 
can be removed through the insertion tube 14. 

[0037] Cavitation device 100 can be constructed from a 
wide spectrum of surgical-grade stainless steels capable of 
elastic behavior. Consistent with spring mechanics, it is pre 
ferred to have the shape change of ?exible cutting element 
120 operate within the elastic range of the material. Stainless 
steels are strong, relatively inexpensive, and their manufac 
turing processes are well understood. Another suitable mate 
rial is the metal alloy Nitinol (TiNi), a biomaterial capable of 
superelastic mechanical behavior, meaning that it can recover 
from signi?cantly greater deformation compared to most 
other metal alloys. The Nitinol metal alloy contains almost 
equal parts of titanium and nickel. Nitinol has a “spring-back” 
potential ten times greater than stainless steels and is capable 
of nearly full recovery from 8% strain levels. Suppliers of 
Nitinol include Shape Memory Applications, Inc. and Nitinol 
Devices & Components. Alternatively, cavitation device 100 
can be constructed from a polymer, such as nylon or ultra high 
molecular weight polyethylene. 
[0038] A thermal shape-memory alloy can also be used as a 
?exing means for biasing a ?exible cutting element to move 
from a ?rst shape to a second shape. The most commonly used 
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biomaterial With thermal shape-memory properties is the 
Nitinol metal alloy. A ?exible cutting element made from 
Nitinol can be deformed below a transformation temperature 
to a shape suitable for percutaneous placement into tissue. 
The reversal of deformation is observed When the ?exible 
cutting element is heated through the transformation tem 
perature. The applied heat can be from the surrounding tissue, 
or associated With frictional heat generated during operation. 
Nitinol is capable of a Wide range of shape-memory transfor 
mation temperatures appropriate for the clinical setting, 
including a transformation temperature at body temperature 
of 37° C. Heat may also be applied by passing electrical 
current through the material to cause resistive heating. 

[0039] FIGS. 4A to 4C shoW a second embodiment of the 
present invention, cavitation device 200, comprising rotat 
able shaft 210 and a ?exible cutting element 220 having a free 
end 221 and a cutting tip 230. Flexible cutting element 220 is 
formed from a material, such as Nitinol, Which is capable of 
shape change arising from thermal shape-memory behavior. 
Rotatable shaft 210 has a longitudinal axis 211. FIG. 4A 
shoWs cavitation device 200 at rest, With ?exible cutting 
element 220 deformed beloW the transformation temperature 
to a ?rst shape 222 in Which ?exible cutting element 220 is 
substantially colinear With longitudinal axis 211. When ?ex 
ible cutting element 220 is in ?rst shape 222, cavitation device 
200 can be easily passed telescopically through the interior of 
an insertion tube 14, as shoWn in FIG. 4B. Referring noW to 
FIG. 4C, as ?exible cutting element 220 extends past distal 
end 15 of insertion tube 14, applied heat 24 activates the 
thermal shape-memory properties of ?exible cutting element 
220. Applied heat 24 can be body heat from the patient or 
operational heat, such as heat generated from friction. Flex 
ible cutting element 220 has a bias toWard a “remembered” 
second shape 223, in Which ?exible cutting element 220 
extends or projects aWay from longitudinal axis 211 of rotat 
able shaft 210 in the general shape of a curvilinear arc, as 
shoWn in FIG. 4C. Elastic properties of ?exible cutting ele 
ment 220 alloW removal of cavitation device 200 through the 
insertion tube 14. 

[0040] It may be advantageous to add additional features to 
enhance the performance of a cavitation device of the present 
invention and to enhance the process of cavity creation or 
tissue removal. Numerous secondary features to aid in tissue 
cutting include serrated edges, threads, cutting ?utes, abra 
sive surfaces, and beveled edges. Variations and different 
combinations are possible Without departing from the spirit of 
the present invention. Referring noW to FIGS. 5A and 5B, 
cavitation device 300 can comprise serrations 350 to aid in 
tissue cutting. Similarly, cutting tip 330 can comprise a cut 
ting ?ute 360 to aid in tissue cutting. Cavitation device 300 
also can comprise an irrigation passage 340, Which serves as 
a conduit for tissue irrigation and removal through rotatable 
shaft 310. 

[0041] Geometric variations, Within the spirit of the present 
invention, may be developed to enhance or alter the perfor 
mance of the dynamic shape behavior. Examples of such 
variations include the cross-sectional shape and the length of 
a ?exible cutting element. For example, the cross-sectional 
shape of the ?exible cutting element can form a quadrilateral 
so that the edges formed from the acute angles of the quad 
rilateral are adapted to aid in cutting. A quadrilateral cross 
section With a particularly acute angle can form a knife-edge. 
Persons skilled in the art Will understand that a ?exible cutting 
element With a quadrilateral cross-section and a beveled edge 
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Would have a substantially quadrilateral cross-section and 
that a rectangular cross-section is a substantially quadrilateral 
cross-section. Further, the curvature of a ?exible cutting ele 
ment in the extended position may take a speci?c shape; 
therefore the shape of the tissue cavity need not be limited to 
combinations of cylindrical and hemispherical tissue cavities. 
Different tissue cavity shapes may be desirable for interfacing 
With an implant or to create a region of synthetic bone to 
match complex anatomical structures. In addition, a plurality 
of ?exible cutting elements can be used, rather than a single 
?exible cutting element. As an example, FIG. 6 shoWs a third 
embodiment of the present invention, cavitation device 400, 
comprising a rotatable shaft 410 having longitudinal axis 411. 
Cavitation device 400 further comprises ?exible cutting ele 
ment 420 Which has a generally a circular cross-section. 
Further, as shoWn in FIG. 7A, a fourth embodiment of the 
invention, cavitation device 500, comprises a rotatable shaft 
510 and a plurality of ?exible cutting elements 520. FIG. 7A 
shoWs cavitation device 500 With ?exible cutting elements 
520 substantially colinear With longitudinal axis 511 of rotat 
able shaft 510, consistent With a ?rst shape suitable for mini 
mally invasive placement Within tissue. Referring noW to 
FIG. 7B, ?exible cutting elements 520 are shoWn in a second 
shape, in Which portions of ?exible cutting elements 520 
extend or project aWay from longitudinal axis 511. Note that 
?exible cutting elements 520 form a closed loop that can take 
a speci?c shape if required. 
[0042] Another ?exing means for biasing a ?exible cutting 
element to move from a ?rst shape toWard a second shape is 
centrifugal force arising from rotational velocity of the shaft. 
Centrifugal force is the force that tends to impel a thing or 
parts of a thing outWard from a center of rotation. FIG. 8A 
shoWs a ?fth embodiment of the invention, cavitation device 
600, comprising rotatable shaft 610 With longitudinal axis 
611 and ?exible cutting element 620 having a cutting tip 630 
and cutting ?utes 632. Flexible cutting element 620 has a 
generally circular cross-section. FIG. 8B shoWs the cross 
section of ?exible cutting element 620 at the distal end of 
shaft 610 and illustrates that ?exible cutting element 620 is a 
standard cable structure With a uniform helical arrangement 
of Wires 622 concentrically stranded together. This type of 
cable structure has high strength and high ?exibility. In addi 
tional, the cable structure has a naturally abrasive quality to 
aid in tissue cutting. Continuing to refer to FIG. 8B, ?exible 
cutting element 620 is shoWn offset from longitudinal axis 
611 to further encourage outWard movement of the ?exible 
cutting element 620 under the in?uence of centrifugal forces 
that arise When shaft 610 is rotated at su?icient velocity. 
Surgical cable made from stainless steel or titanium alloy is 
readily available. It is preferred that cavitation device 600 be 
driven by a pneumatic surgical drill capable of rotational 
velocity greater than about 5,000 revolutions per minute. 
[0043] A sixth embodiment of the present invention, cavi 
tation device 700, is shoWn in FIGS. 9A and 9B. Referring to 
FIG. 9A, a plurality of ?exible cutting elements 720 are 
generally colinear With the rotatable shaft 710 to form a ?rst 
shape suitable for minimally invasive placement of the device 
Within tissue. The proximal ends of ?exible cutting elements 
720 are rigidly attached to rotatable shaft 710, and the distal 
ends of the ?exible cutting elements 720 are attached to a 
spindle 730. Referring noW to FIG. 9B, When cavitation 
device 700 is rotated at a su?icient rotational velocity, ?exible 
cutting elements 720 have a tendency to boW outWard under 
the in?uence of centrifugal force. In this embodiment, the 








