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UNITED STATES PATENT APPLICATION

FOR

SYSTEMS AND METHODS FOR TISSUE TREATMENT

BACKGROUND

[0001] Repetitive motion or use of particular body tissues can cause injuries or painful
conditions to arise. For example, tennis elbow, or lateral epicondylalgia is a clinical syndrome in
which patients experience pain at the lateral elbow. Such pain in the lateral elbow may be
worsen over time and, despite adequate treatment, many patients develop chronic symptoms and
eventually become candidates for surgical treatment.

[0002] A number of surgical procedures have been described to treat chronic tendonosis or
fasciitis affecting any region in the body. Particular open techniques typically require open
surgical dissection down to the pathological tissue and thercfore necessitate repair of the
surgically compromised normal tissue. Some arthroscopic techniques can be slightly less
invasive, but these arthroscopic clbow techniques have been associated with neurological
complications and may require the use of a high-cost operating suite and associated personnel.
Various percutaneous techniques have been described which release, ablate or resect the
pathological tissue. These percutaneous techniques, however, generally require a noticeable skin
incision, some surgical dissection, and the afore-mentioned use of a high-cost operating suite and
supportive equipment and personnel.

[0003] Accordingly, a need exists for the further development of systems for minimally invasive

tissue treatment.

SUMMARY
[0004] In some embodiments, the system, delivery device and method delivers ultrasonic energy
to a target musculoskeletal tissue site. In some embodiments, the delivery device includes a
stainless steel needle joined to a horn. The stainless steel needle may be joined to the horn using
a heating process or a brazing process.
[0005] Some embodiments relate to a system for musculoskeletal tissue treatment under

ultrasonic guidance. The system may include a delivery device and a controller configured to
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deliver a power signal to the delivery device. The delivery device may include a housing
portion, a transducer, and a stack assembly.

[0006] In some embodiments, the housing and the stack assembly may define portions of an
aspiration conduit and an irrigation conduit.

[0007] In some embodiments, the delivery device includes a horn assembly which receives
ultrasonic energy and delivers the ultrasonic energy to the musculoskeletal tissue site.

[0008] Additional features and advantages are described herein, and will be apparent from the

following Detailed Description and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a perspective view of one example embodiment of the system disclosed herein.
[0010] FIG. 2 is a perspective view of one example embodiment of the delivery device disclosed
herein, illustrating an example extension and an example tab.
[0011] FIG. 3 is a perspective view of one example embodiment of the stack assembly,
illustrating the horn assembly, the crystal stack assembly and the compressor.
[0012] FIG. 4 is an enlarged perspective view of one example of the horn, illustrating the horn
having a groove portion and a slanted tip portion.
[0013] FIG. 5 is a longitudinal section of a portion of the horn assembly, illustrating the slanted
tip portion having an angle of about 135°.
[0014] FIG. 6 is a perspective view of one example of the horn assembly, illustrating the horn
having an opening for connecting to the mounting member.
[0015] FIG. 7 is a perspective view of one example of the horn assembly, illustrating the horn
assembly being connected to the mounting member.
[0016] FIG. 8 is a perspective view of one example of the crystal stack assembly, illustrating the
crystal stack assembly having piezoelectric crystals and electrodes.
[0017] FIGS. 9A and 9B are perspective views of one example of the compressor, illustrating the
compressor defining a lumen and having a barbed fitting.
[0018] FIG. 10 is a cross-sectional view of one example of the delivery device, illustrating the
irrigation conduit and the vacuum conduit.
[0019] FIG. 11 is a schematic view of one example of the controller, illustrating the command
module, the use interface and the tubing cassette.
[0020] FIG. 12 is a schematic view of one example of the user interface of the controller.
[0021] FIG. 13A, 13B and 13C are alternative views of one example tubing cassette of the

controller.
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[0022] FIG. 14 illustrates a diagrammatic view of one example of the system being used in
conjunction with ultrasound imaging system to deliver ultrasonic energy to a target

musculoskeletal tissue site under ultrasonic imaging.

DETAILED DESCRIPTION
[0023] Various embodiments described herein provide systems for accessing and treating target
body tissue (e.g., tendon tissue, ligament tissue, muscle tissue, bony tissue, and the like) under
guidance of ultrasound imaging equipment. In some embodiments, the system includes a
delivery device having a stainless steel type needle brazed to a horn using a heating process or
brazing process. The brazing or heating processes described herein may allow for an increase in
the length of the stainless steel type needles which may be used by a delivery device for
accessing and treating target body tissue.
[0024] FIG. 1 illustrates an example system according to an example embodiment of the present
disclosure which is configured to percutaneously access and act upon target tissue while helping
reduce collateral trauma. In some example embodiments, the minimally-invasive ultrasonic
nature of system 100 increases the accuracy of removing diseased tissue when compared to
surgical procedures which include surgical dissections of healthy tissue. In some embodiments,
the percutaneous, minimally-invasive nature of system 100 facilitates treatment of a patient in an
office setting under local anesthesia. Treatment in an office setting is advantageous in several
respects, for example, including patient comfort and convenience and avoiding costs associated
with operating room time and general anesthesia.
[0025] In some embodiments, as best illustrated in FIGS. 1 and 14, system 100 includes delivery
device 102 and controller 104 which is operatively connected delivery device 102.
[0026] In some embodiments, as illustrated in FIG. 1, delivery device 102 is operatively
connected to controller 104 via power line 106, vacuum line 108 and irrigation line 110.
[0027] Power line 106 may connected to controller 104 via a wired connection as shown in FIG.
1. In another embodiment, controller 104 may be configured to communicate with delivery
device 102 via a wireless communication or a combination of a wired communication and a
wireless communication.
[0028] In some embodiments, delivery device 102 is configured to transmit ultrasonic energy to
a percutancous musculoskeletal site at a pre-tuned frequency selected to debride musculoskeletal
tissue. As best illustrated in FIGS. 1 to 3, in some embodiments, delivery device 102 includes:
(a) housing 112; and (b) stack assembly 138. In some embodiments, delivery device includes

cap 114,
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[0029] In some embodiments, housing 112 includes at least two separate portions. For example,
as illustrated in FIG. 2, housing 112 include includes: (a) nose portion 116; (b) body portion 118;
and (c) tail portion 120.

[0030] In some embodiments, as discussed in more detail below, the housing includes a portion
configured to form part of an irrigation conduit. For example, as best illustrated in FIGS. 2 and
10, nose portion 116 includes portion or sleeve 117. In this example, sleeve 117 defines an inner
lumen or channel which forms part of an irrigation conduit.

[0031] In some embodiments, sleeve 117 has an insertion portion 121 which extends to a
terminal end and is adapted for percutaneous insertion.

[0032] Insertion portion 121 of sleeve 117 may be any suitable size. In some example
embodiments, insertion portion 121 has a size of about twelve gauge or less, about twelve gauge
to about twenty-five gauge, or about fourteen gauge to about twenty-two gauge.

[0033] Insertion portion 121 may have a lateral width of any suitable size. In some example
embodiments, insertion portion 121 has a lateral width of about 2.5 mm or less, about 2.2 mm to
about 0.4 mm, or about 2.1 mm to about 0.5 mm.

[0034] The length of insertion portion 121 may be any suitable size. In some example
embodiments, the length of insertion portion 121 is about three inches to about 0.25 inches,
about 2.7 inches to about 0.5 inches, or about 2.5 inches to about 1.0 inch.

[0035] In some embodiments, the terminal end of insertion portion 121 is formed with a sharp
angle or in other embodiments is squared off.

[0036] Insertion portion 121 may leave the exposed portion of needle 136 at any suitable length.
In some embodiments, insertion portion 121 may leave the exposed portion of needle 136 at a
length of about 10 mm or less, for example between from 2 mm to about 10 mm.

[0037] In some embodiments, as best illustrated in FIGS. 2 and 10, sleeve 117 may be integrally
formed as part of nose portion 116. In another embodiment, needle sleeve 117 is separate from
and connects to nose portion 116.

[0038] Sleeve 117 may be formed of an echogenic, biocompatible material suitable for
dampening products of ultrasonic energy (e.g., heat and vibration). In some embodiments,
sleeve 117 is coated with an echogenic material. In some embodiments, sleeve 117 is formed of
a material exhibiting a differential echogenicity to that of needle 136. In such embodiments,
both needle 136 and sleeve 117 facilitate ultrasonic imaging and separate identification during
percutaneous insertion.

[0039] In some embodiments, nose portion 116 is configured to function as a guide for needle

136 during ultrasonic vibration.
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[0040] In some embodiments, as illustrated in FIG. 10 and discussed in more detail below, nose
cone portion 116 defines channel 119 for enabling and/or directing fluid flow into an incision
site. The fluid flow may remove any heat buildup due to friction.

[0041] In some embodiments, to prevent air from being delivered to a musculoskeletal tissue site
from the irrigation conduit, system 100 is configured to evacuate air from the irrigation conduit.
Nose portion 116 may be formed from substantially clear material which allows a user to
determine whether any air bubbles exist in the irrigation conduit.

[0042] In some embodiments, housing 112 may define a portion to facilitate a connection to
irrigation line 110. For example, as best illustrated in FIG. 2, body portion 118 defines extension
130 which enables delivery device 102 to connect to irrigation line 110. In some embodiments,
as best illustrated in FIG. 2 and 10, extension 130 defines a hollow lumen having an inlet.

[0043] Extension 130 may be configured such that irrigation line 110 slides over the outer
surface of extension 130. The outside surface of extension 130 may have a luer type taper on the
outside surface of extension 130 which is configured to connect to irrigation line 110.

[0044] Extension 130 may have any suitable shaped cross section, such as, for example, a
cylindrical cross section or a substantially square-shaped cross section. In this example,
extension 130 forms part of the irrigation conduit. In another example, extension 130 may have
a barb fitting to connect to irrigation line 110.

[0045] In some embodiments, extension 130 may be referred to as a tube fitting.

[0046] As illustrated in FIGS. 2 and 10 and discussed in more detail below, in some
embodiments, tail portion 120 defines opening 128 which allows vacuum line 108 and power
line 106 to connect to delivery device 102.

[0047] In some embodiments, housing 112 has a substantially cylindrical-shaped cross section.
In other embodiments, housing 112 may a different shaped cross section, such as, for example a
substantially square-shaped cross section.

[0048] The above-described separate portions of housing 112 may be configured to connect to
cach other using any suitable method. For example, in some embodiments, using glue, nose
portion 116 may be configured to mate with and connect to a first end of body portion 118, and
tail portion 120 may be configured to mate with and connect to the opposite end of body portion
118.

[0049] Housing 112 may be formed of any suitable material including molded plastic and/or
Acrylonitrile Butadiene Styrene.
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[0050] In an embodiment where housing 112 is designed to include separate portions such as the
portions described above, this design may provide a cost effective method for producing a low
cost ultrasonic hand piece.

[0051] Cap 114 may be configured to be removably connected to housing 112. For example,
FIG. 1 illustrates cap 114 being connected to nose portion 116, and FIG. 2 illustrates cap 114
being removed from nose portion 116. In some embodiments, cap 114 is configured to
removably connect to nose portion 116 by employing a luer taper interface.

[0052] In some embodiments, cap 114 is configured to seal the fluid system of system 100.
Such a configuration enables system 100 to be primed and prepared for surgery.

[0053] In some embodiments, as best illustrated in FIGS. 3 to 9B, stack assembly 138 includes:
(a) horn assembly 140; (b) crystal stack assembly 142; and (c) compressor 168.

[0054] In some embodiments, delivery device 102 includes a mounting member. For example,
as illustrated in FIGS. 7 and 10, delivery device 102 includes mounting member 152.

[0055] In some embodiments, horn assembly 140 is configured to connect to mounting member
152. For example, as illustrated in FIG. 6, in one embodiment, opening 150 may define a
threaded portion which is configured to mate with and connect to a threaded portion of mounting
member 152. FIG. 7 illustrates one example of mounting member 152 being connected to horn
assembly 140. It should be appreciated that horn assembly 140 may connect to mounting
member 152 in any suitable manner.

[0056] In some embodiments, horn assembly 140 includes mounting member 152. That is, in
these embodiments, mounting member 152 is not a separate component of horn assembly 152,
but rather is formed as a single, integral component of horn assembly 152. For example, horn
144 and mounting member may be formed as a single component.

[0057] In some embodiments, horn assembly 140 includes: (a) needle 136; and (b) horn 144.
[0058] In some embodiments, needle 136 is a generally hollow tubular member which defines a
lumen. As illustrated in FIGS. 3, 6, 7 and 10, needle 136 may have distal portion 137 and
proximal portion 139.

[0059] Distal portion 139 is preferably adapted for percutaneous insertion. Distal portion 139
may be formed at a sharp angle or may be squared off. In some embodiments, distal portion 139
may have serrated edges or other surface features for enhancing ultrasonic debridement.

[0060] In some embodiments, needle 136 is covered or coated with echogenic material.

[0061] Distal portion 137 may have any suitable size. In some example embodiments, distal
portion 137 has a size of about 12 gauge or less, about 12 gauge to about 25 gauge, or about 14
gauge to about 22 gauge.



WO 2013/188299 PCT/US2013/044989

[0062] Distal portion 137 has a lateral width of any suitable size. In some example
embodiments, display portion 137 has a lateral width of about 2.5 mm or less, about 2.2 mm to
about 0.4 mm, or about 2.1 mm to about 0.5 mm.

[0063] The length of distal portion 137 may be any suitable size. In some example embodiments,
the length of distal portion 137 is about three inches to about 0.25 inches, about 2.7 inches to
about 0.5 inches, or about 2.5 inches to about one inch.

[0064] In some embodiments, needle 136 is formed of an echogenic, biocompatible material
suitable for conveying ultrasonic energy. For example, needle 136 may be formed of a stainless
steel alloy. In some embodiments, needle 136 may include a stainless steel hypodermic needle.
In some embodiments, needle 136 may be formed from a 174 precipitant hardened stainless
steal. In some embodiments, needle 136 includes a heat hardened stainless steal. In some
embodiments, needle 136 includes a work hardened stainless steal, such as 300 stainless steel.
[0065] In some embodiments, needle 136 may have a forty-five degree bevel to facilitate
insertion into the surgical site.

[0066] In some embodiments, as best illustrated in FIGS. 2 and 10, sleeve 92 and needle 136 are
positioned such that needle 136 has a covered portion and an exposed portion.

[0067] In some embodiments, sleeve 117 may be configured to reduce unwanted, collateral
transmission of heat, ultrasonic energy, or other byproducts of the ultrasonic energy being
conveyed along the covered portion of needle 136. Sleeve 117 may reduce or eliminates damage
to non-target body tissues as a result of unwanted transmission of ultrasonic energy.

[0068] In operation, needle 136 vibrates at the surgery site and breaks up certain tissue up such
as scarred tendon tissue, osteophytes, and calcifications. Needle 136 may configured to direct
the aspiration flow from the bore of needle 136 back to collector 192.

[0069] In some embodiments, horn 144 is configured to compress piezoelectric crystals and
amplify ultrasonic vibration.

[0070] In some embodiments, horn 140 may have a tip portion configured to enable or allow for
a more durable connection between horn 140 and needle 136. For example, as illustrated in
FIGS. 4 and 5, horn 140 has tip portion 145. In this example, tip portion 145 defines slant
portion 147 having an angle (“0”). In one example, 0 is about 135°. Slant portion 147 enables
for a more durable connection between horn 140 and needle 136. In this example, slant portion
147 slants inwardly. In this example, this cupped-shaped portion allows for the brazing material
to pool into said portion.

[0071] In some embodiments, horn 144 defines an opening to connect to other components of

delivery device 102. For example, as illustrated in FIG. 6, horn 140 defines opening 150 which
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enables horn 140 to receive mounting member 152. In one example, mounting member 152
connects to horn 144 via a threaded connection. It should be appreciated that mounting member
152 may connect to horn 144 in any manner.

[0072] In some embodiments, as described above, horn assembly 140 includes horn 144 and
needle 136. In other embodiments, horn assembly 140 includes horn 144, needle 136 and
mounting member 152. In one embodiment, horn 144 and mounting member 152 are formed as
a single integral component.

[0073] Horn 144 may be made of a metal such as stainless steel. In some embodiments, both
homn 144 and needle 36 are made of only stainless steal.

[0074] In some embodiments, mounting member 152 defines a bore or lumen which forms a
portion of the vacuum conduit and directs aspiration flow from horn assembly 140 to a lumen
defined by compressor 168.

[0075] In some embodiments, mounting member 152 is made from titanium, which may allow
for stack assembly 138 to resonate at a proper frequency (e.g., between 25 KHz and 30 KHz).
[0076] Mounting member 152 may be frictionally fit, adhered, welded, or otherwise secured
within housing 112.

[0077] In some embodiments, crystal stack assembly 142 is disposed around mounting member
152.

[0078] In some embodiments, using a material (e.g., a brazing material), needle 136 is connected
to horn 140 by employing a brazing process or a heating process. During the brazing process,
the brazing material melts the brazing material to cause needle 136 to join together with horn 144
to form a single contiguous horn assembly. The melting temperature of the brazing material
alloy is preferably low enough such that needle 136 will not anneal during the brazing process.
The melting temperature of the brazing material facilitates fixing the needle to the horn.

[0079] During the brazing process, needle 136 may be in a condition that can be affected by an
elevated temperature. If needle 136 anneals during a brazing process or heating process, then
strength of needle 136 is reduced, and needle 136 will likely break during ultrasonic vibration.
Because needle 136 cannot anneal, needle 136 cannot be brazed to horn 144 in a vacuum braze
environment.

[0080] In some embodiments, using the brazing process described herein, needle 136 may be
brazed to horn 144 such that needle 136 will not annealed during the brazing or heating process.
[0081] For example, in one example, needle 136 and horn 144 may be formed of stainless steel.
In this example, needle 136 and horn 144 may be joined together using an acid flux and inert gas

(e.g., nitrogen) to facilitate the braze material flow during the brazing process. In some
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embodiments, needle 136 is brazed to horn 144 using an induction brazing machine which
employs heat generated from an electromagnetic field created by the alternating current from an
induction coil. In some embodiments, the braze joint is protected against oxidation by placing a
tube over the braze joint. After the tube is placed over the brazed joint, gas may be added. In
some embodiments, an additive (e.g., acid flux) may be used to break surface tension of the
metal of the needle and the horn.

[0082] The brazing or heating processes described herein may increase the sizes of the stainless
steel type needles which may be used by a delivery device to function properly. In certain
delivery devices having certain types of stainless steel needles attached to a horn, the stainless
steel needle may break based on the needle’s strength. For example, where a stainless steel
needle has a length of about twenty-two times the diameter of the bore diameter, it has been
found that the manufacturability decreases and the costs substantially increase. Although, a
titanium type needle may be used in certain situations to increase the length of the needle, a
titanium type needle is significantly more expensive than a stainless steel type needle. Using the
brazing or heating procedure described herein, delivery device 102 may include a stainless steel
needle having a length of about one thousand times the diameter of the bore. Such a
configuration may provide for reduced cost of delivery device 102 by climinating components
typically used in the construction of a delivery device (e.g., a titanium needle).

[0083] In some embodiments, the brazing material may include an alloy, nickel, silver, copper
and/or a silver based alloy perform.

[0084] In some embodiments, the brazing material is supplied as a preformed donut shape,
similar to braze ring 146 illustrated in FIGS. 3, 6, 7 and 10. In some embodiments, the brazing
material to supplied as a wire which may have, for example, a 1/32” diameter.

[0085] The brazing material may have a high density. In some embodiments, the brazing
material has a higher density than needle 136 and horn 144. In these embodiments, horn 144
may be tuned to different resonant frequencies based on the volume of braze material applied.
For example, in one embodiment, system 100 includes a 27 KHz drive signal generator. In this
example, the mechanical system may have to resonate between 25 KHz and 29 KHz to function
properly. If it is determined that stack assembly 138 is resonating at 31 KHz, stack assembly
138 will not function properly. In this example, adding more brazing material can reduce the
resonating frequency of stack assembly 138, and therefore enable stack assembly 138 to function
properly.

[0086] In some embodiments, needle 136 is a fully hardened hypodermic needle which is brazed

to horn 144.
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[0087] In some embodiments, needle 136 is connected to horn 144 using a brazing material
including silver because silver has a melting point below the annealing point of stainless steal.
[0088] In some embodiments, needle 136 is not directly connected to horn 144. For example,
needle 136 may be connected to a component which is connected to horn 144. In these
embodiments, needle 136 may be described as being operatively connected to horn 144,
However, it should be understood that where needle 136 is directly connected to horn 144,
needle 136 may be described as being operatively connected to horn 144 also.

[0089] In one example embodiment, by brazing needle 136 horn 144, the system described
herein may function properly with needle 136 having a length of threes inches and a bore size of
.035 inches.

[0090] In some embodiments, crystal stack assembly 142 includes a transducer which is
configured to generate ultrasonic energy based on a power signal. For example, as illustrated in
FIG. 8, crystal stack assembly 142 includes a transducer which is configured to generate
ultrasonic energy based on a power signal which is provided from controller 102. The ultrasonic
energy may be applied in a pulsed fashion or continuous fashion.

[0091] In some embodiments, the transducer includes piezoelectric crystals. For example, as
illustrated in FIG. &, the transducer includes: (a) first piezoelectric crystal 154; (b) second
piezoelectric crystal 156; (c) third piezoelectric crystal 158; and (d) fourth piezoelectric crystal
160. In this example, the transducer is operatively connected to: (a) first electrode 162; (b)
second electrode 164; and (c) third electrode 166.

[0092] In some embodiments, the transducer is mounted to mounting member 152 such that
ultrasonic energy generated by the transducer is transferred to horn assembly 140.

[0093] The transducer may be configured to generate longitudinal vibration, transverse vibration,
or combinations thereof at desired frequencies. For example, the number and configuration of
the piezoelectric crystals may be varied to modify the ultrasonic frequency used for tissue
treatment.

[0094] As illustrated in FIG. 8, in some embodiments, crystal stack assembly 142 may include
four piezoelectric crystals. In other embodiments, crystal stack assembly may include at least
two piezoelectric crystals.

[0095] In some embodiments, as illustrated in FIG. 8, the piezoelectric crystals may be donut-
shaped.

[0096] In some embodiments, as illustrated in FIGS. 8 and 10, the piezoelectric crystals may be

configured to receive mounting member and be positioned over mounting member 152.

10



WO 2013/188299 PCT/US2013/044989

[0097] In some embodiments, the piezoelectric crystals and electrodes are compressed between
horn assembly 140 and compressor 168.

[0098] The piezoelectric crystals may be assembled such that the polarizations are aligned.
[0099] In some embodiments, portions of the electrodes are sandwiched between the
piezoelectric crystals. In some embodiments, the electrodes supply the electric charge to cause
these crystals to vibrate.

[0100] In some embodiments, as best illustrated in FIG. 8, the ends of electrodes 162, 164 and
166 have a crimping feature which allows for crimping wires to create an electromechanical
connection. This type of connection is typically a solder connection. Such a configuration
allows for assembly in a clean room without having soldering fumes or acid flux clean up.

[0101] In some embodiments, the electrodes include a positive electrode which has a portion that
jumps between the positive polarities of the crystals.

[0102] In some embodiments, the electrodes include negative electrodes which create a safety
ground loop circuit.

[0103] In some embodiments, the negative electrodes are placed between the flat surfaces of the
crystals. In these embodiments, the negative electrodes may contact the metal components of the
stack to complete the ground circuit.

[0104] In some embodiments, compressor 168 is configured to provide compression force for
crystal stack assembly 142. Compressor 168 may be torqued to a predetermined value to achieve
a specific crystal compression.

[0105] As illustrated in FIGS. 3, 9A, 9B and 10, in some embodiments, compressor 168 may
have first end portion 172 and second end portion 174. In some embodiments, compressor 168
defines opening or bore 170 which runs from first end portion 172 to second end portion 174.
Opening 170 may be used for directing the aspiration flow to the vacuum line 108.

[0106] In some embodiments, compressor 168 may connect to mounting member 152 using any
suitable connection method. In some embodiments, first end portion 172 of compressor 168 is
connected to mounting member 152 via a threaded connection.

[0107] Compressor 168 may include fitting configured to connect to vacuum line 108. For
example, as illustrated in FIGS. 3 and 10, compressor 168 includes barb fitting 169 which is
configured to connect to vacuum line 108. In this embodiment, barb fitting 169 is integrally
formed with compressor 168. In another embodiment, barb fitting is separate from and operably
connects to compressor 168. Barb fitting 169 may provide an interference fit with vacuum line
108. Barb fitting 169 may provide for reduced cost of delivery device 102 by eliminating

components typically used in the construction of a delivery device.
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[0108] In some embodiments, compressor 168 may be referred to as a compression nut.

[0109] In some embodiments, delivery device 102 includes an irrigation conduit which enable
delivery device 102 to deliver fluid to a musculoskeletal tissue site.

[0110] As illustrated in FIG. 10, in some embodiments, the irrigation conduit may be formed by
portions of (a) housing 112; and (b) horn assembly 140. More specifically, in some
embodiments, the irrigation conduit may formed such that fluid may be passed from the inlet of
extension 130, through channel 119 of nose portion 112 and out of sleeve 117 of nose portion
116.

[0111] In some embodiments, as best illustrated in FIG. 10, needle 136 and sleeve 92 are
secured relative to one another, with needle 136 disposed in the inner lumen of sleeve 92, needle
136 and sleeve 92 define a gap between them to form a portion of the irrigation conduit.

[0112] In some embodiments, an outlet from the irrigation conduit may be defined between the
terminal end of sleeve 92 and needle 136. Thus, fluid passing into the irrigation conduit in a
distal direction passes from the irrigation conduit with fluid generally encircling, or
circumscribing the insertion portion of needle 136 and being directed toward the exposed portion
of needle 136.

[0113] In some embodiments, delivery device 102 includes a vacuum conduit which enables
delivery device 102 to remove detritus from the musculoskeletal tissue site.

[0114] Referring to FIG. 10, the vacuum conduit may be formed by the lumen portions of: (a)
horn assembly 140; (b) mounting member 152; and (c) compressor 138. As illustrated in FIG.
10, the vacuum conduit may be formed by lumens formed in needle 136, horn 144, mounting
member 152 and compressor 168.

[0115] The vacuum conduit may pass through the transducer as shown in FIG. 10.

[0116] In some embodiments, as illustrated in FIG. 10, delivery device 102 includes gasket or O-
ring 216. In these embodiments, gasket 216 is configured to fit into groove portion 148 of horn
144. Such a configuration creates a seal between housing 112 and horn 144 such that fluid
within the inner compartment formed by nose portion 116 is prevented from entering within
body portion 118 and fluid may be delivered through the irrigation conduit.

[0117] As illustrated in FIG. 10, delivery device 102 may include gasket 216 disposed between
body portion 118 and nose portion 116. In some embodiments, during assembly of delivery
device 112, body portion 118 may slide over stack assembly 138 up to and engage gasket 216.
[0118] In some embodiments, as illustrated in FIG. 10, delivery device 102 may include gasket
or O-ring 218 for creating a seal between mounting member 152 and compressor 168 which may

prevent thread lock fluid from running into any piezoelectric crystals. In these embodiments,
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mounting member 152 may include groove portion 153 as best illustrated in FIG. 7. In this
example, gasket 218 is configured to fit into groove portion 153.

[0119] In some embodiments, as illustrated in FIG. 10, delivery device 102 may include
electrode isolator 220 configure to provide a barrier between compressor 168 and housing 12 and
isolate certain electrodes (e.g., a positive electrode) from compressor 168.

[0120] Electrode isolator 220 may be configured to isolate compressor 168 from housing 112
during vibration to minimize the effect of the vibration on housing 112 by maintaining electrical
and mechanical separation. Electrode isolator 220 may be formed from rubber. Electrode
isolator 220 may be configured to be placed in groove 171 of compressor 12.

[0121] In some embodiments, tape made with Kapton® polyimide film may be used to
electrically isolate the positive electrodes from the ground electrodes and other ground
components.

[0122] In some embodiments, at each threaded junction, a thread locker is applied to prevent the
threads from loosening and to prevent fluid ingress.

[0123] In some embodiments, delivery device 102 is a free floating resonator. That is, in this
example, delivery device 102 is not fixed such as being fixed to the housing at the tail end. Such
a configuration allows for a cost effective manufacture of the delivery device, because, for
example, the housing may be formed of a molded plastic material.

[0124] In some embodiments, the seal components and vibration isolators are formed of a
dampening or insulating material, such as a relatively soft polymeric material, for reducing or
inhibiting proximal transmission of ultrasonic energy or other undesirable ultrasonic energy
transmission. For example seal 216 and electrode isolator 220 may be formed of silicone,
although a variety of materials are contemplated.

[0125] In some embodiments, system 100 may include line holders configured to hold the lines
of the system together to keep the lines from twisting or knotting together. For example, as
illustrated in FIG. 1, system 100 includes first holder 132 and second holder 134 which are
configured to keep power line 106, vacuum line 108 and irrigation line 110 from twisting
together. In one embodiment, line holders 132 and 134 are configured to slide over power line
106, vacuum line 108 and irrigation line 110. In one embodiment, line holders 132 and 134 are
configured to provide a snap fit over power line 106, vacuum line 108 and irrigation line 110. In
one embodiment, holders 132 and 134 are used after vacuum line 108 and irrigation line 110

have been separated for assembly.
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[0126] Referring to FIG. 1, system 100 may include connector 214 which is configured to
removably connect to controller 104. Connector 214 may be made of molded plastic and may
include three contacts.

[0127] In some embodiments, power line 106 may include the following three conductors: (a) a
first conductor for high voltage power; (b) a second conductor for a ground loop; and (c) a third
conductor for providing a safety ground feedback and redundancy.

[0128] Generally, various components of delivery device 102 contemplated for tissue contact are
formed of biocompatible and/or other suitable materials depending upon implementation.

[0129] As illustrated in FIG. 1, delivery device 102 may be ergonomically designed, adapted to
be hand held (e.g., as a stylet) or otherwise adapted to be manually operated using a single hand.
In another embodiment, delivery device 102 may be adapted to be manipulated automatically or
semi-automatically (e.g., as part of a robotic system).

[0130] In some embodiments, delivery device 102 is pre-tuned to a selected ultrasonic energy
frequency or frequency range. For example, an ultrasonic energy frequency range from about 25
kHz to about 29 kHz effectively debrides pathologic musculoskeletal tissue (e.g., scar tissue
associated with a tendon) while reducing the likelihood of trauma to healthy soft tissue.

[0131] As illustrated in FIGS. 1 and 11, in some embodiments, controller 104 may include:
tubing cassette 190 and collector 192.

[0132] As illustrated in FIG. 11, controller 104 may include: (a) housing 176; (b) command
module 178 including: (i) power source 182; (ii) processor 184; and (iii) signal filter 185; (c)
vacuum source 186; (d) irrigation source 188; and (¢) tubing cassette 190.

[0133] In some embodiments, command module 178 includes a main unit which preferably
includes one or more processors clectrically coupled by an address/data bus to one or more
memory devices, other computer circuitry, and one or more interface circuits. The processor
may be any suitable processor, such as a microprocessor from the INTEL PENTIUM® family of
microprocessors. The memory preferably includes volatile memory and non-volatile memory.
Preferably, the memory stores a software program that interacts with the other devices in system
100. This program may be executed by the processor in any suitable manner. In an example
embodiment, the memory may be part of a “cloud” such that cloud computing may be utilized by
system 100. The memory may also store digital data indicative of documents, files, programs,
web pages, etc. retrieved from a computing device and/or loaded via an input device.

[0134] In some embodiments, command module 178 is configured to control flow from vacuum

source 186.
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[0135] In some embodiments, command module 178 is configured to control flow from
irrigation source 188.

[0136] In some embodiments, command module 178 is configured to power delivery device 102.
[0137] In some embodiments, command module 178 is configured to, via user interface 180,
enable a user to select instructions. In one embodiment, command module 178 is configured to,
via user interface 180, provide instructions to a user via user interface 180.

[0138] In some embodiments, command module 178 includes signal filter 185 for delivering a
conditioned power signal (e.g., a sinusoidal power signal at a selected amplitude and frequency)
to delivery device 102.

[0139] As illustrated in FIG. 11, command module 178 may include at least one processor 184.
[0140] In some embodiments, controller 104 includes user interface 180. User interface 180
may include a touch screen system for controlling system 100.

[0141] In some embodiments, controller 104 includes power source 182. Power source 182 may
include a battery, a capacitor, a transformer connected to an external power source, such as a
wall socket, combinations thereof, or other means for providing electrical power to system 100.
Power source 182 may also directly or indirectly deliver power to various components of
controller 104 as appropriate.

[0142] In some embodiments, controller 104 includes vacuum source 186. In other
embodiments, vacuum source 186 is external or separate from the controller. That is, vacuum
source 186 is separate from and connected to controller 104. Vacuum source 186 may be a
peristaltic pump.

[0143] In some embodiments, controller 104 includes collector 192. Collector 192 may be
configured to receive detritus, fluid, or other matter being aspirated by the aspiration flow D.
Collector 192 may be a bag or container. As illustrated in FIGS. 1 and 11, collector 192 may be
separate from tubing cassette 190. In other embodiments, collector 192 may be maintained by,
formed as a part of, or is a component within tubing cassette 190. In some embodiments,
collector 192 may be configured to removeably connect to tubing cassette 190. In one
embodiment, collector 192 is connected to the cassette 190 using double sided tape.

[0144] In some embodiments, controller 104 may include irrigation source 188. Irrigation
source 188 may include a reservoir of irrigant (e.g., saline). In some embodiments, the reservoir
is pressurized by gravity, a plunger (e.g., a syringe), or a pump (e.g., a peristaltic pump operated
by controller 104 and optionally disposed within the housing 176) to generate fluid flow F. In

other embodiments, irrigation source 188 is separate from system 100. In some of these

15



WO 2013/188299 PCT/US2013/044989

embodiments, spike 113 may be configured to penetrate the separate irrigation source to supply
fluid flow to system 100.

[0145] In one embodiment, controller 104 includes valve actuator 194. In one embodiment,
valve actuator 194 is configured to direct fluid flow F into vacuum conduits of delivery device
102, for example for flushing purposes.

[0146] Referring to FIG. 12, in some embodiments, user interface 180 includes: (a) prime phase
button 196; (b) purge phase button 198; (c¢) and reset phase button 200. In some embodiments,
user interface 180 enables a sequential operation of delivery device 102 starting with ultrasound
level selection 202, irrigation level selection 204, and aspiration level selection 206, where a user
is allowed to first select ultrasound level 202, then irrigation level 204, and finally aspiration
level 206 in sequence when operating system 100. Selections 202, 204, 206 may be illuminated
sequentially, first with ultrasound level selection 202, and a user may not be enabled to make a
subsequent selection until the selection at hand has been made.

[0147] In some methods of operation, the ultrasound energy and irrigant, or fluid flow, are
generally delivered concurrently, while aspiration flow is delivered intermittently. For example,
the ultrasound energy and irrigant flow optionally cease during aspiration and are restarted once
treatment is reinitiated. Alternatively, irrigant flow may cease and ultrasound energy continues
during aspiration, although some of the beneficial effects from using irrigant during ultrasonic
treatment (e.g., continuous tip cooling and tissue emulsification, as well as others) are potentially
reduced by such operation.

[0148] In some embodiments, as illustrated in FIGS. 11 and 13A to 13C, tubing cassette 190
includes: (a) housing 208; (b) valve 209; (c) a portion of the vacuum line 108; (d) a portion of
irrigation line 110 (designated by broken lines).

[0149] In some embodiments, vacuum line 108 and irrigation line 110 include a plurality of
interconnected segments of medical tubing, although unitary constructs are a potential option as
well.

[0150] Tubing cassette 190 may connect vacuum line 108 to vacuum source 186 in a relatively
sterile manner. For example, where vacuum source 186 includes a peristaltic pump, tubing
cassette 190 includes seat structure 210 for causing vacuum line 108 to engage pump drive 212
of vacuum source 186 that generates aspiration flow in vacuum line 108.

[0151] FIG. 13A illustrates an example interior side of tubing cassette 190 and FIG. 13B
illustrates an example bottom side of tubing cassette 190. FIG. 13C is a schematic view of an

example tubing cassette 190.
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[0152] In some embodiments, vacuum line 108 and irrigation line 110 may be referred to as a
tubing set.

[0153] In operation of one example embodiment, pump drive 212 of vacuum source 186 (e.g., a
peristaltic pump) is received in seat structure 210 such that vacuum line 108 is engaged against
seat structure 210 between the pump drive 212 and seat structure 210. Valve 209 is engaged by
valve actuator 194 to press valve 209 closed such that flow from irrigation line 110 will not
travel through vacuum line 108 to delivery device 102 (designated generally by a broken line
rectangle in FIG. 7C). When vacuum line 108 is to be flushed, for example, valve 209 is
released and fluid is able to flow into vacuum line 108 to the device and through the vacuum
conduits. As previously referenced, the irrigant flowing through irrigation line 110 is optionally
gravity pressurized or otherwise forced through system 100.

[0154] Assembly of system 100 includes remotely connecting delivery device 102 to controller
104, where controller 104 is a separate, remote module from delivery device 102. In other
embodiments, delivery device 120 and controller 104, or portions thereof, are formed as a single
unit.

[0155] In some embodiments, as illustrated in FIG. 1, controller 104 may include: (a)
administration line 111; and (b) spike 113 which is operatively coupled to administration line
111.

[0156] In some embodiments, a plurality of disposable delivery devices similar to the delivery
device 102 are provided with corresponding disposable cassettes, such as cassette 190 for each
delivery device. Individually pre-tuning the devices to an appropriate ultrasonic energy
frequency, such as that previously described, before delivery to the user removes a need to test
and adjust power signal parameters or delivery device configurations prior to or during each
procedure. Instead, in some embodiment, a single use cassette/delivery device kit is set up or
configured prior to delivery to the end user, is then used in a treatment procedure, and is
optionally discarded at the end of the procedure, thereby reducing operation time, a requisite skill
level for “tuning” system 100, and/or additional components or systems for tuning delivery
device 102. Moreover, the combination of cassette 190 and delivery device 102 eliminates a
need to sterilize equipment before a procedure, as all components that come into contact with
bodily fluids are pre-sterilized and discarded at the end of the procedure.

[0157] In some embodiments, system 100 is used in any of a variety of procedures.

[0158] In some embodiments, system 100 is used to perform an ultrasound-guided percutaneous

tenotomy.
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[0159] FIG. 14 illustrates a diagrammatic view of one example of system 100 being used in
conjunction with ultrasound imaging system to deliver ultrasonic energy to a target
musculoskeletal tissue site under ultrasonic imaging.

[0160] In operation, the tip portions of needle 136 and sleeve 117 may be percutaneously
inserted without having to form an incision in the skin. That is, needle 136 and sleeve 117 may
help facilitate atraumatic skin and soft tissue penetration without a need for a separate incision
under ultrasonic imaging.

[0161] As shown in FIG. 14, advancement of the tip portions of needle 136 and sleeve 117 to
target musculoskeletal tissue site 300 may be performed under guidance of ultrasound imaging
system 302 including high-frequency ultrasound transducer 304 (e.g., a frequency greater than
about ten MHz) and imaging device 306. Imaging system 302, in combination with the
echogenic nature of tip portion of delivery device 102, permits intra-operative identification of
target tissue site 300 in need of treatment and an ability to percutancously deliver ultrasonic
energy from the exposed portion of needle 136 to target tissue site 300.

[0162] Some methods of delivering ultrasonic energy to target tissue site 300 include connecting
delivery device 102 to vacuum source 186, irrigation source 188, and power source 182 of
controller 104 (directly or via the command module 178). Ultrasonic energy is generated by
sending a power signal from command module 178 to the transducer. The ultrasonic energy is
transmitted from the transducer to horn assembly 140 such that the exposed portion of needle
136 delivers ultrasonic energy at a frequency that is pre-selected to debride musculoskeletal
tissue upon percutaneous insertion of needle 136 and sleeve 117 to target musculoskeletal tissue
site 300.

[0163] In some embodiments, user interface 180 may be operated by a user to sequentially start
up delivery device 102, including initiating ultrasonic energy delivery, irrigation flow to delivery
device 102, and aspiration flow from delivery device 102. Once tissue treatment is completed, in
some embodiments, tubing cassette 190 may be removed from controller 104, discarded, and
replaced with a second, sterile tubing cassette (not shown) and is either pre-connected or
subsequently connected to a second, sterile delivery device (not shown) to sterilize system 100
for a new procedure.

[0164] In some embodiments, target tissue site 300 includes pathologic tissues such as a region
of scar tissue associated with tendon 308.

[0165] In some embodiments, the pathologic tissue is identified using high frequency ultrasonic

imaging.
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[0166] In some embodiments, needle 136 and sleeve 117 are delivered to target tissue site 300
under ultrasonic imaging, and ultrasonic energy is delivered through needle 136 to debride the
musculoskeletal tissue (e.g., scar tissue) forming target tissue site 300.

[0167] In some embodiments, system 100 enables a user to identify target tissue site 300 entirely
at the time of a procedure without cutting the skin of the patient.

[0168] As previously described, in some embodiments delivery device 102 is pre-tuned to
deliver ultrasonic energy at a frequency that reduces the likelihood of trauma to healthy soft
tissue while promoting debridement of the pathologic tissue. The percutancous, minimally
invasive nature of such a procedure facilitates access and treatment of such body tissue as part of
an office-based procedure under local anesthesia.

[0169] In some embodiments, after the target tissue is treated and the needle and sleeve are
removed from the patient, the patient may be discharged to home after a short period of in-office
observation due to the minimally invasive nature of the procedure (e.g., as no local anesthesia
would be necessary). For example, in similarly non-invasive procedures, post-procedure pain is
typically variable, but often ranges from essentially no pain to moderately severe pain lasting
less than seventy-two hours. Thus, various embodiments of system 100 provide for an office-
based procedure under local anesthesia, thereby resulting in cost-savings to the patient by
avoiding the costs of operating room time, where a patient may only need ice or cooling packs
for analgesia and edema control after the treatment.

[0170] In some embodiments, after tissue treatment is completed, tubing cassette 190 may be
removed from controller 104, discarded, and replaced with a second, sterile tubing cassette (not
shown) and is either pre-connected or subsequently connected to a second, sterile delivery device
(not shown) to sterilize the system 100 for a new procedure.

[0171] In some embodiments, a plurality of disposable delivery devices similar to the delivery
device 102 are provided with corresponding disposable cassettes, such as cassette 190 for each
delivery device. Individually pre-tuning the devices to an appropriate ultrasonic energy
frequency, such as that previously described, before delivery to the user removes a need to test
and adjust power signal parameters or delivery device configurations prior to or during each
procedure. Instead, in some implementations, a single use cassette/delivery device kit is set up
or configured prior to delivery to the end user, is then used in a treatment procedure, and is
optionally discarded at the end of the procedure, thereby reducing operation time, a requisite skill
level for “tuning” system 100, and/or additional components or systems for tuning the delivery

device 102. Moreover, the combination of cassette 190 and delivery device 102 may eliminate a
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need to sterilize equipment before a procedure, as all components that come into contact with
bodily fluids are pre-sterilized and discarded at the end of the procedure.

[0172] It should be appreciated that the system described herein is not limited to procedure
described herein, and may be used in any suitable procedure. In some embodiments, the system
described herein may be used as a phacoemulsification device. In some embodiments, the
system described herein may be used to remove plaque in the heart, veins and/or arteries. In
these such embodiments, needle 136 may have a length of about thirty-six inches.

[0173] Although the present disclosure has been described with reference to various examples,
persons skilled in the art will recognize that changes may be made in form and detail without
departing from the spirit and scope of invention. For example, various modifications and
additions can be made to the exemplary embodiments discussed without departing from the
scope of invention. While the embodiments described above refer to particular features, the
scope of invention also includes embodiments having different combinations of features and

embodiments that do not include all of the above described features.
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The invention is claimed as follows:

1. A system comprising;

a processor;

a delivery device operatively coupled to the processor, the delivery device including:

(2)
(b)
(©
(d)
(e)

a transducer;

an aspiration conduit;
an irrigation conduit;
a horn; and

a stainless steel needle brazed to the horn;

a memory device operatively coupled to the processor, the memory device storing

instructions which when executed by the processor, cause the processor, in cooperation with the

delivery device and the memory device, to:

(a) deliver ultrasonic energy to a musculoskeletal tissue site;
(b) deliver fluid from the irrigation conduit to a musculoskeletal tissue site;
and
(c) remove detritus from the musculoskeletal tissue site through the aspiration
conduit.
2. The system of Claim 1, wherein the stainless steel needle is not removable from the horn.
3. The system of Claim 1, wherein the needle is brazed to the horn using an alloy.
4. The system of Claim 1, wherein the needle is brazed to the horn using an acid flux.
5. The system of Claim 1, wherein the needle is brazed to the horn using an inert gas.
6. The system of Claim 1, wherein the delivery device includes a housing having a clear
portion.
7. The system of Claim 1, wherein the stainless steel needle is a fully hardened hypodermic
needle.
8. The system of Claim 1, wherein the stainless steel horn has a tip portion which has an

inwardly slanted portion which is configured to receive brazing material.
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9. The system of Claim 1, wherein the horn is a stainless steel horn.

10. A delivery device comprising;:

a transducer configured to generate ultrasonic energy;

an aspiration conduit configured to enable a vacuum source remove detritus from a
musculoskeletal tissue site;

an irrigation conduit configured to enable an irrigation source to deliver fluid to the
musculoskeletal tissue site;

a stainless steel horn; and

a stainless steel needle brazed to the stainless steel horn, the stainless steel needle being
operatively connected to the transducer and being configured to deliver the ultrasonic energy to

the musculoskeletal tissue site.

11. The delivery device of Claim 10, wherein the stainless steel needle is not removable from
the horn.

12.  The delivery device of Claim 10, wherein the needle is brazed to the horn using an alloy.
13.  The delivery device of Claim 10, wherein the needle is brazed to the horn using an acid
flux.

14.  The delivery device of Claim 10, wherein the needle is brazed to the horn using an inert

gas.

15.  The delivery device of Claim 10, wherein the delivery device includes a housing having a

clear portion.

16.  The delivery device of Claim 10, wherein the stainless steel needle is a fully hardened

hypodermic needle.

17.  The delivery device of Claim 10, wherein the stainless steel horn has a tip portion which

has an inwardly slanted portion which is configured to receive brazing material.
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18.  The delivery device of Claim 10, wherein the horn is a stainless steel horn.

19. A method of operating a delivery device, the method comprising:
generating ultrasonic energy;
removing detritus from a musculoskeletal tissue site;
delivering fluid to the musculoskeletal tissue site;
delivering, by a stainless steel needle brazed to a horn, the ultrasonic energy to the

musculoskeletal tissue site.

20. The method of Claim 19, wherein the stainless steel needle is a fully hardened

hypodermic needle.
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