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DEBRIDEMENT APPARATUS USING LINEAR LORENTZ-FORCE MOTORS

RELATED APPLICATION(S)

[0001] This application claims the benefit of U.S. Provisional Application No.

61/989,969, filed on May 7, 2014. The entire teachings of the above application are

incorporated herein by reference.

BACKGROUND

[0002] Wound healing generally progresses through four stages: coagulation,

inflammation, cell proliferation and repair of the extracellular matrix (ECM), and finally

epithelialization and remodeling to form scar tissue (for reviews, see [1][2][3]). Chronic

wound healing, while initially thought to represent an aberration of the normal tissue repair

process, is now recognized as being different from normal wound healing. In chronic

wounds, remodeling of the ECM is defective, re-epithelialization fails, and the tissue remains

inflamed; the wound repair process becomes "stuck" in the inflammatory and/or proliferative

stage. Resumption of the process requires identification and removal of the barriers to

healing, broadly referred to as wound bed management.

[0003] Debridement and subsequent negative pressure wound therapy (NPWT) are

crucial components in wound management (for reviews, see [5] [6] [7]). Current methods of

debridement include surgical, mechanical, autolytic, enzymatic, or larval (see [8]). Cost,

skills/training, and patient acceptance need to be considered when choosing which method

will be most effective. Surgical debridement does not adequately define the border between

non-viable and viable tissue and is costly while chemical methods of debridement are slow

and require multiple treatments, which requires patient compliance [9].



SUMMARY OF THE INVENTION

[0004] Example embodiments include a debridement apparatus comprising a controllable

Lorentz-force electromagnetic actuator system having at least one coil and at least one

magnet assembly, a nozzle delivering a jet of debridement substance to a region of tissue, the

jet being driven by the controllable Lorentz-force electromagnetic actuator, and a suction port

for removing the debridement substance after delivery to the region of tissue and additional

substances therein, the suction port supporting a negative pressure for suction, and the

negative pressure supplied by the controllable Lorentz-force electromagnetic actuator. The

pressures of the jet and suction can define pressure profiles for at least one of the following:

cutting tissue, stimulating tissue for regeneration, breaking up material for removal,

stimulating healthy tissue to assist healing. The pressure profiles can correspond to a

predetermined or sensed frequency resonance of the tissue region. The nozzle and suction

port can be configured in a coaxial nozzle, the coaxial nozzle defining an inner nozzle and an

outer suction port.

[0005] In some embodiments, the Lorentz-force actuator is adapted to drive the jet with

pulses of the debridement substance. The debridement apparatus can include a first Lorentz-

force actuator for each of the jet and suction. A second Lorentz-force actuator can be used

for each of the jet and suction. The first and second Lorentz-force actuators of the jet and

suction can be configured to provide for continuous jet injection and continuous suction.

[0006] The apparatus can include a reservoir of debridement substance and a waste

reservoir adapted to receive substances retrieved through the suction port. The apparatus can

also include a sensor determining properties of the debridement substance for controlling the

actuator.

[0007] Another example embodiment is a debridement apparatus comprising a first

nozzle delivering a first jet of debridement substance to a region of tissue at a first angle, a

second nozzle positioned a distance away from the first nozzle, the second nozzle delivering

a second jet of debridement substance to the region of tissue at a second angle, the second jet

driven by the controllable pressure source. Wherein the first and second jets are adapted to

intersect and dissipate into a mist upon intersection, wherein the mist dissipates substantially

the kinetic energy of the first and second jet. At least one of the first angle, the second angle,

and the distance can be adjustable. The apparatus can include a controllable pressure source



driving the first and second jet. The controllable pressure source can include at least one

Lorentz-force electromagnetic actuator.

[0008] In some embodiments, the apparatus includes an evacuation chamber supporting a

negative pressure and positioned between the first and second nozzles. The evacuation

chamber can include a distal end configured to interface with the region of target tissue and

stabilize the region of tissue while removing debrided tissue, contaminants, and exudate

through an evacuation lumen coupled to the evacuation chamber. The evacuation chamber

can include a cavity or slot to receive the first and second nozzles.

[0009] An embodiment of the present invention is a debridement apparatus with Lorentz-

force motors, the debridement apparatus comprising a controllable Lorentz force

electromagnetic actuator comprising at least one moving coil and at least one stationary

magnet assembly, a nozzle delivering a jet of debridement substance to a region of tissue,

said jet driven by the controllable Lorentz force electromagnetic actuator, and a suction port

for removing the debridement substance and additional substances therein, the suction port

supporting a negative pressure.

[0010] An embodiment is a debridement device incorporating the Lorentz-force motors,

the device uses two sets of dual actuators, each of which operates in reciprocation. One set is

in fluid communication with the inner most reservoir, for example, a drug-filled reservoir, of

central concentric reservoirs and delivers a specified volume of fluid, e.g., a drug, at a pre

defined velocity and time interval to the tissue in a reciprocating manner. The second set of

actuators can be in communication with the outermost concentric reservoir and can remove or

"suck" exudate and necrotic, damaged, or infected tissue from the wound bed via a second

pre-defined waveform. This set up can ensure that fluid delivery for debridement and

removal of irrigant and wound contents can be performed without interruption. Dual

Lorentz-force actuators are, for example, described in U.S. Patent No. 8,398,583, the

teachings of which are incorporated by reference in their entirety.

[0011] In other embodiments, the nozzle, through which liquid at variable jet velocities

may be delivered to the target, has a diameter ranging from 50 to 200 µηι. The nozzle may

contain internal surface geometry that affects jet flow In an example embodiment, the

internal surface of the inner nozzle includes a smoothly tapered shape to provide a more

collimated flow desired for precise cutting.



[0012] When operated at low fluid pressures (i.e. low velocities), an example

embodiment is used for lavage and/or debridement without substantial cutting as might be the

case when removing exudate. Removal of exudate is accomplished by reversing the direction

of one or more of the actuators, e.g., the set of actuators communicating with the outer

concentric ring forming the distal tip. In another embodiment, the shape of the outer

concentric ring forming the distal tip may vary from circular through to elliptical and have

variable inner diameters relative to the nozzle. In yet another embodiment, an elliptical shape

reduces or prevents blockage that could result from evacuation of larger pieces of tissue.

[0013] Embodiments can use liquid, slurry, or even a powder as a debridement fluid. One

embodiment uses four Lorentz-force motors, two for continuous suction, and two for

continuous jet injection. Fewer motors can be used. For example, one motor can be used for

both injection and suction in a dual-purpose configuration with a valve to facilitate driving

the jet and suction.

[0014] Lorentz-force actuators or motors are able to operate close to the speed of sound.

The actuators or motors are able to provide jet velocities of at least 200 m/s, or up to or above

500 m/s, and pressure up to 100 MPa while providing an extremely high level of pressure

control. Lorentz -force actuators have advantages, including being able to stop faster than

prior art (e.g. rotary pumps) devices because the Lorentz-force actuators are driven in a

reciprocating manner with no rotational inertia to overcome. They are also able to generate a

constant force throughout their linear travel, in contrast to solenoid-type devices. In addition,

when used in tandem for continuous suction or injection, Lorentz-force actuators are able to

create opposing forces to retard their motion faster than could be done individually.

[0015] Other embodiments pulse the Lorentz-force motors to deliver a pulse of fluid

instead of a continuous stream. Example embodiments of the pulsing configuration have a

pulse cycle time (pressure vs. time) optimized for certain tissues and debridement conditions,

for example, having a 10 s jet followed by a 10 ms refill period for a 20 ms actuator cycle

time. Embodiments can achieve a higher energy range by using a piezoelectric actuator in

the fluid flow. Piezoelectric devices have been combined with Lorentz-force actuators

before, as in dental cleaning applications described in US 201 101433 10 Al, incorporated

herein by reference, which descibes adding low power oscillations to a fluid jet to measure

tissue properties. Higher power piezoelectric slabs can be used to increase the frequency

bandwidth of the jet and to increase power.



[0016] Some examples include or employ a sensor to determine healthy tissue from

damaged tissue. Such sensors can make use of mechanical or electrical impedance

measurements or use the fluid jet or a perturbation to the jet to measure mechanical properties

of the tissue in contact with the fluid and servo-control the jets based on this feedback.

Likewise, acoustic sensors can use the injection fluid as a medium to perform diagnostic

measurements. Acoustic, near IR, surface enhanced Raman scattering (SERS) and optical

fibers can also be used to evaluate the wound bed and surrounding tissue.

[0017] Embodiments may have multiple modes for jet and suction. Such modes include

cutting, stimulating tissue for regeneration, and breaking up material for removal. Other

embodiments have pressure profiles for stimulating healthy tissue to assist healing. Still

other embodiments have pressure profiles corresponding to a predetermined or sensed

frequency resonance of the tissue being treated, e.g., to assist in the debridement.

[0018] Embodiments of the present invention have nozzles designed to avoid splatter or

cross-contamination between regions outside of the immediate location of the jet flow. In

one embodiment, this is accomplished by positioning the nozzle tips within a cavity or slot

created in the end of the evacuation chamber which serves to shield the area around the

nozzles.

[0019] Embodiments of the present invention have various nozzle geometries to tailor the

profile of the jet of debridement fluid. Embodiments may have positive geometry rifling in

the nozzle to induce rotational energy to the fluid flow.

[0020] Some embodiments of the present invention have a concentric nozzle with a jet

flow surrounded by a suction flow. Other embodiments have different suction locations to

optimize the intake of fluids associated with the debridement from the jet nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing will be apparent from the following more particular description of

example embodiments of the invention, as illustrated in the accompanying drawings in which

like reference characters refer to the same parts throughout the different views. The drawings

are not necessarily to scale, emphasis instead being placed upon illustrating embodiments of

the present invention.

[0022] FIGS. 1A-E are illustrations of an example device that can be used for

debridement according to an embodiment of the present invention.



[0023] FIG. IF illustrates an example Lorentz-force electromagnetic actuator and

associated sensors.

[0024] FIGS. 2A-B are cut-away views of example linear Lorentz-force actuated jet

injectors used in the present invention.

[0025] FIGS. 3A-B are views of an example embodiment of a hand piece of a

debridement apparatus.

[0026] FIGS. 4A-B are views of an example embodiment of the present invention

showing the hand piece of the device and an additional tube that delivers fluid under low

pressure to control the distance over which the fluid exiting the nozzles cuts.

[0027] FIGS. 5A-C are isometric views of a nozzle assembly.

[0028] FIGS. 6A-B are respective sectional and front views of a nozzle assembly prior to

addition of the front plate.

[0029] FIGS. 7A-B are sectional and front views, respectively, of a completed nozzle

assembly.

[0030] FIG. 8 is a view of another embodiment of the present invention showing a hand

piece with a first and second nozzle orifice.

[0031] FIGS. 9A-C are schematic illustrations showing an example sequence of tissue

removal using two nozzles.

[0032] FIGS. 10A-B are perspective and section views, respectively, of an example hand

piece with first and second nozzles.

[0033] FIGS. 11A-B illustrate how angle and distance between the nozzles affect the

cross section of tissue removed.

[0034] FIGS. 12A-B illustrate an example embodiment of a debridement device that

includes a surgical blade mounted adjacent to each nozzle to score the tissue prior to tissue

cutting and removal using the liquid jets.

[0035] FIGS 13A-B are respective front and partial sectional views of an example

debridement device that includes a vacuum to permit the removal of dead, damaged, or

infected tissue or exudate.

[0036] FIGS. 14A-C show enlarged views of the vacuum channel and the relative

position of the nozzle arms, and nozzle jets with respect to the vacuum chamber of the device

illustrated in FIG. 13A.



[0037] FIG. 15 is a diagram illustrating a design for continuous delivery of debridement

solution to a wound bed.

[0038] FIG. 16 is a schematic illustrating a cross-section of the internal components of a

device having aspects of the embodiment illustrated in FIG. 15.

[0039] FIG. 17 is a rendering illustrating a device having an attachment of a center plate-

piston assembly to a motor output.

[0040] FIG. 18A is a graph showing change in pressure as a function of time of a system

having aspects of the embodiment shown in FIG. 15.

[0041] FIG. 18B is a graph showing the fluid capacitance of a system having aspects of

the embodiment shown in FIG. 15.

[0042] FIG. 19 is a graph of the voltage commanded vs. measured piston position of a

system having aspects of the embodiment shown in FIG. 15.

[0043] FIG. 20 is a schematic illustrating a tissue tensioner embodiment.

[0044] FIG. 2 1 is a schematic illustrating a hand piece including a tissue tensioner and a

dual nozzle debridement device.

[0045] FIG. 22 is a schematic illustrating a top-down view of the hand piece of FIG. 21.

DESCRIPTION OF EXAMPLE EMBODIMENTS THE INVENTION

[0046] A description of example embodiments of the invention follows.

[0047] Waterjet dissection has been used for several decades in for example liver, kidney,

brain, and laparoscopic surgery (see [10][1 1]). More recently, high-pressure waterjets have

found use in wound debridement (see [12][13]), as have ultrasonic devices (e.g. MIST®,

Misonix SonicOne®, Arabella Qoustic™, etc. see [14]). Highly collimated liquid jets are

preferred for cutting tissue. With the VERSAJET™ device (US20 10/00943 13 Al), a high

pressure pump is used to generate a narrow stream of fluid that is expelled from a nozzle, the

design of which provides an enhanced vena contracta effect (US2006/0264808 Al;

US6375635 Bl); the resultant jet stream remains collimated over a greater jet length than

typical. The construction and position of the pressure lumen and evacuation lumen relative to

each other ensure that the liquid jet and any tissue or material entrained by the jet can be

evacuated without the need for an external source of suction (US6375635 Bl). Debridement

is accomplished in a single step utilizing a relatively small amount of irrigant thereby

minimizing saturation of the target tissue and reducing the risk of splashing and



aerosolization. The nozzle diameter, position of the center of the fluid opening, and deck

height (i. e . the distance between the center of the fluid opening and the deck or opening in the

jet channel interacting with the air and tissue) affect precision (US201 0/00943 13 Al;

US2006/0264808 Al).

[0048] The VERSAJET™ device variably controls the velocity of the liquid jet using a

high-pressure pump assembly; depressing a foot pedal activates the cutting jet, depressing a

toe button increases or decreases the power setting dependent on UP or DOWN arrows (see

[15]). Current waterjet technologies use pumps requiring user operator control, which is

often accomplished via foot pedals.

[0049] Present embodiments relate to a novel jet technology using an electrically driven

linear Lorentz force motor to generate the precisely controlled pressures (velocities) for

debridement. At the heart of the technology is a magnet surrounded by a coil of wire.

Current delivered to the coil generates a Lorentz-force which drives the piston and by

extension the fluid through a nozzle. Using a linear Lorentz-force motor permits precise

control over the depth and velocity of the liquid jet via high-speed monitoring and servo

control of the voice coil motor. Inclusion of sensors provides electrical feedback permitting

the velocity to be altered based on tissue properties. The feedback can be used to servo

control the actuator driving the jet.. The depth of delivery has been shown to be dependent

on the initial velocity (Vjet) and the time spent at Vjet (Tjet) (see [16][17]). Further, this device

can both deliver and extract fluid; it is bi-directional (US7833189 B2; US8328755 B2;

US201 1/0082388 Al).

[0050] In the context of wound management, the present invention permits the wound

bed to be cleansed using low-pressure lavage followed by brief high-pressure pulses to

remove dead, damaged, or infected tissue. This can then be followed by continual or

intermittent low-pressure lavage under suction. This type of scenario can prevent the

penetration, retention, and propagation of bacteria as discussed in [18] while at the same time

promoting cleaning and drainage of the wound bed by intermittent irrigation and suction.

Delivery and removal of fluid across the wound bed under vacuum causes micromechanical

forces, in addition to those produced by suction alone, to be transmitted to the tissue causing

further deformations of the local ECM and may improve cellular proliferation, release of

growth factors, and angiogenesis [19] [20], which are involved in the formation of granulation

tissue.



[0051] Chronic wounds are characterized by devitalized tissue and excess exudate that

either form a hard eschar or slough [5]. Removal of necrotic tissue and re-establishing

bacterial and fluid imbalance are requisite to wound healing. Evaluation of instrumentation

for debridement can include mimicking some of the properties of a wound bed. Slough can

be generated by treating post mortem tissue with acetic acid having a concentration ranging

from 50 to 60%[21]. Enzymes such as bacterial collagenase [22] or trypsin (both used for

enzymatic debridement [23]) may also be used to partially digest areas of tissue (e.g. muscle)

and removal of damaged tissue evaluated as described. The jet pressure (jet velocity or Vjet)

along with the Tjet required to separate the necrotic tissue from the surrounding undamaged

tissue can be evaluated empirically while inclusion of fluorescently labeled bacteria, colored

beads, or tissue marking dyes can provide a measure of the ability to controllably switch

between a high velocity jet and a much lower velocity lavage for both precise removal of

damaged tissue and assessment of bacterial load and damage to residual tissue. Assuming a

fixed inner diameter for the nozzle (50 to 200 µ ), there exists a range of outer nozzle

diameters, for example, 2 to 20 millimeters that may be employed to remove debris from the

wound bed. In addition, the timing and velocity required for removal can be changed based

on debridement requirements.

[0052] The device may house one or more sensors that can detect respective physical

properties of the tissue, said properties being used to servo-control the actuator permitting

tailoring of the pressure vs. time profile throughout the course of the debridement. For

example, mechanical impedance, near IR, SERS, optical and acoustic sensors could be used

to differentiate healthy tissue from tissue requiring debridement. In addition, mechanical or

electrical impedance sensors could be used to assess scoring of the tissue while force sensors

and gyrometers could be used to assess tissue load and device orientation respectively.

Additional considerations are given to prevention of exposure to blood borne pathogens

either in solid or aerosolized form during treatment.

[0053] Lorentz-force motors that can be used in embodiments, for example, for driving

the delivery of fluid and its evacuation along with exudate and tissue debris are described in

US7833189 B2, US8328755 B2, US8172790 B2, and [16], and are incorporated by reference

in their entirety.

[0054] The embodiment shown in FIG. 1A is a debridement apparatus 100 with Lorentz-

force actuators lOla-d. The debridement apparatus 100 comprises controllable Lorentz force



electromagnetic actuators lOla-d each including at least one moving coil and at least one

stationary magnet assembly, tubing 102 delivering a debridement substance from the

actuators lOla-d to a nozzle assembly 103, two central concentric reservoirs one reservoir

131 delivering a specified volume of debridement substance at a predefined velocity and time

interval to the tissue through a nozzle 110 and a second reservoir 132 into which waste

material from the wound bed is collected during debridement. FIG. IB shows the nozzle 110

delivering a jet of debridement substance 111, for example, a fluid, drug, or slurry, (shown as

arrows 111 leaving the nozzle 110) to a region of tissue (not shown) and a suction port 120

for removing the debridement substance and additional substances therein 121, the suction

port supporting a negative pressure. The nozzle 110 can include internal geometry or a

collimator to condition the flow of debridement substance before exiting the nozzle 110.

FIG. 1C shows a cut away view of the coaxial structure of the tubing 102. The tubing 102

comprises an inner tube, the lumen of which serves to supply the debridement substance 111

or irrigant to the nozzle assembly (103 in FIG. 1A) and an outer lumen or suction port that

transfers irrigant and material such as exudate, necrotic or damaged tissue 121 collected from

the wound bed via the nozzle assembly (103 in FIG. 1A) to a reservoir 132 in the apparatus

housing (104 FIG. 1A).

[0055] FIG. ID shows a diagram of the debridement apparatus illustrated in FIG. 1A

incorporating four Lorentz-force actuators lOla-d. The device 100 uses two sets of dual

actuators, each of which operates in reciprocation, One set 101 a-b is in fluid communication

with an inner reservoir 131 through reservoir check valves 105 and delivers a specified

volume of fluid, e.g., drug 111, at a pre-defined velocity and time interval to the nozzle 103

in a reciprocating manner, e.g., a continuous flow of fluid. The second set of actuators 101c-

d can be in communication with an outer concentric reservoir 132 through reservoir check

valves 105 and can remove or "suck" exudate and necrotic, damaged, or infected tissue 121

from the wound bed (not shown) though the nozzle 103 via a second pre-defined waveform.

This set up can ensure that fluid delivery for debridement and removal of irrigant and wound

contents 121 can be performed without interruption.

[0056] In operation, the injection actuators lOla-b of FIG. ID alternate between drawing

a debridement substance or fluid 111 from the inner reservoir 131 via check valves 105 and

driving the debridement fluid 111 through outflow check valves 106 to continuously drive the

debridement fluid 111 into a first section of a coaxial tube 102 and out a nozzle assembly 103



having a nozzle ( 110 in FIG. IB). The vacuum actuators lOlc-d alternate between supplying

negative pressure to a second section of the coaxial tube 102 and driving irrigant and wound

contents 1 1 into an outer reservoir 131 to continuously draw in irrigant and wound contents

121 from a suction port (120 in FIG 1A) of the nozzle assembly 103. The negative pressure

is supplied throughsuction check valves 107 by the vacuum actuators lOlc-d during a half

cycle of the actuator. During the second half cycle of each vacuum actuator lOlc-d, the

vacuum actuators lOlc-d drive the irrigant and wound contents 121 into the outer reservoir

132. Alternatively, the vacuum actuators lOlc-d can be configured to supply a negative

pressure to the outer reservoir 132 with the irrigant and wound contents 121 flowing into the

reservoir through a single reservoir check valve 105. A controller 140 receives electrical

signals from sensors located on the Lorentz-force actuators and on the device handpiece. The

controller 140, which may include a microprocessor or personal computer, controls the input

waveform to the actuators based on these signals, which may include information about coil

position, voltage, current, force transmitted to the fluid, or information from sensors located

on the handpiece about the properties of the substance being debrided.

[0057] FIG. IE shows a diagram of the debridement apparatus illustrated in FIG. 1A and

alternatively using two of the Lorentz-force actuators 101a, 101c in housing 104 to control

the jet and suction. The device 100 of FIG. IE uses the first (injection) actuator 101a in fluid

communication with an inner reservoir 131 through the reservoir check valve 105 to deliver a

specified volume of fluid, e.g. drug 111, at a pre-defined velocity and time interval to the

nozzle assembly 103 using high frequency pressure pulses. The second (suction) actuator

101c is in communication with an outer concentric reservoir 132 through a reservoir check

valve 105. Actuator 101c removes or "sucks" exudate and necrotic, damaged, or infected

tissue 121 from the wound bed (not shown) through the nozzle assembly 103 using suction

port 120 via pulsed suction. In operation, the injection actuator 101a draws a debridement

substance or fluid 111 from the inner reservoir 131 during a half cycle of the actuator.

During the second half cycle of the actuator 101a, the actuator 101a drives the debridement

fluid 111 though an outflow check valve 106 into a first section of a coaxial tube 102 and out

a nozzle assembly 103 having a nozzle ( 1 10 in FIG. IB). The vacuum actuator 101c supplies

a negative pressure to a second section of the coaxial tube 102 and to a suction port (120 in

FIG 1A) of the nozzle assembly 103 to draw in irrigant and wound contents 121. The

negative pressure is supplied though a suction check valve 107 by the vacuum actuator 101c



during a half cycle of the actuator. During the second half cycle of the vacuum actuator

101c, the vacuum actuator 101c drives the irrigant and wound contents 121 into outer

reservoir 132. Alternatively, the vacuum actuator 101c can be configured to supply a

negative pressure to the outer reservoir 132 with the irrigant and wound contents 121 flowing

into the reservoir through a reservoir check valve 105. As with other embodiments, the

embodiment shown in FIG. IE may include a controller 140 that manages sensor signals and

generates waveforms for the actuators.

[0058] FIG. 1F shows a more detailed diagram of one of the Lorentz force actuators, and

associated sensors 141, 142, 143. A force transducer 143 is mounted at the output of the

actuator, where force is applied to the fluid. A position sensor 142 reads coil position, while

an electrical sensor 141 measures current through and voltage across the actuator. Signals

from each sensor 141, 142, 143 are linked to the controller 140.

[0059] FIG. 2A is a cut-away view of a linear Lorentz-force electromagnetic actuator

including a moving coil and a stationary magnet assembly. Electromagnetic actuator 201

includes a ferromagnetic shell 222 including a central magnetic core 220 comprising, for

example, NdFeB magnets, and is capped by a ferromagnetic end cap 206. A coil assembly

210 is slidably disposed within an annular slot of the magnet assembly floating freely within

the slot to drive a plunger 228 into an ampule 208. The stroke of the coil 2 11 can be

controlled by the length of the coil 2 11 and magnet assembly 220. Thus, the electromagnetic

actuator 201 can be configured to transfer a substantial volume of a substance during a single,

sustained stroke, .i.e., movement of the coil assembly 210 and by extension the piston or

plunger 228 within the ampule 208. The electromagnetic actuator 201 is configured to

provide a linear force to the plunger 228 to achieve transfer of a substance through the

ampule 208 and into the tubing 102. A negative force pulling the plunger 228 proximally

away from the tubing 102 creates a negative pressure or vacuum tending to suck a substance

from outside the device 100, through the tubing 102, and into the ampule 228.

[0060] In the embodiment shown in FIG. 2B, the actuator 201 is a Lorentz force actuator

that includes a stationary component, such as a magnet assembly 220, and a moveable

component, such as a coil assembly 210. In more detail, the electromagnetic actuator 201

includes a conducting coil assembly 210 disposed relative to a magnetic field 221, such that

an electrical current induced within the coil 2 11 results in the generation of a corresponding



mechanical force. The relationship between the magnetic field, the electrical current and the

resulting force is well defined and generally referred to as the Lorentz force law.

[0061] Continuing to refer to FIG. 2B, the coil 2 11 is positioned relative to a magnetic

field, such that the magnetic field 221 is directed substantially perpendicular to the direction

of one or more turns of the coil 2 11. Thus, a current induced within the coil 2 11 in the

presence of the magnetic field provided by the magnet assembly 220 results in the generation

of a proportional force directed perpendicular to both the magnetic field and the coil 205.

The force produced within the coil assembly 210 can be applied to the plunger 228 either

directly or indirectly through the rod 228 to achieve transfer of the substance. The

mechanical force is capable of moving the coil assembly 210 and exerting work on the

plunger 228 of the ampule 208 to, for example, drive a fluid from ampule 228 and into the

tubing 102. The Lorentz-force actuator 201 can include a displacement transducer 240 to

provide feedback for controlling the position of the plunger 228 and the flow rate of a

substance through the tubing 102.

[0062] The distal end of the shell 222 includes one or more extensions 224 that continue

proximally from the distal end of the shell 222 and terminate at the distal mounting plate 212.

The interior surface of the shell 222 including its extensions 224 provide a bearing surface for

the coil assembly 210 allowing axial movement while inhibiting radial movement. A first

bearing surface 250 is defined along a distal end of the coil assembly 210. The first bearing

surface 250 slides against the interior surface of the extensions 224 during actuation. A

second bearing surface 255 is provided at a proximal portion of the coil assembly 205 and

slides against the interior surface of the shell 222 during actuation.

[0063] The extensions 224 may include openings between adjacent extensions 224 as

shown to reduce weight, permit the flow of air to promote coil 2 11 movement, and allow

cooling. This configuration 201 rigidly couples the distal mounting plate 212 to the shell

222, thereby increasing rigidity of the actuator 201 and reducing if not substantially

eliminating any stress/strain loading on the housing 104 (FIG. 1) caused by actuation of the

device 201.

[0064] FIG. 3A is a view of an embodiment of the hand piece of the device illustrated in

FIG. 1, which contains the tubing used to deliver fluid at variable pressure (velocity) to the

wound bed, the evacuation tubing for removal of exudate and necrotic, damaged, or infected

tissue from the wound bed, and the nozzle assembly and evacuation lumen. FIG. 3B is a



detailed view of the distal end of the device illustrated in FIG. 3A. Evacuation tubing 310

supplies a negative pressure to an evacuation lumen 3 and a variable pressure inflow tube

320 delivers a fluid at variable pressures to a nozzle 3 adjacent to the evacuation lumen

311. The evacuation lumen 3 removes tissues separated from a wound bed (not shown) by

the nozzle 321 .

[0065] FIG. 4A is a view of an embodiment of the present invention showing the hand

piece of the device which contains the tubing used to deliver fluid at variable pressure

(velocity) to the wound bed, the evacuation tubing for removal of exudate and necrotic,

damaged, or infected tissue from the wound bed, the nozzle assembly and evacuation lumen,

and an additional tube that delivers fluid under low pressure (velocity) to control the distance

over which the fluid exiting the nozzle cuts. FIG. 4B is a detailed view of the distal end of

the device illustrated in FIG. 4A. Evacuation tubing 410 supplies a negative pressure to an

evacuation lumen 411 and a variable pressure inflow tube 420 delivers a fluid at variable

pressures to a nozzle 42 1 adjacent to the evacuation lumen 411. The evacuation lumen 4 1

removes tissues separated from a wound bed (not shown) by the nozzle 421 . A low-pressure

inflow tube 430 supplies fluid under low pressure (velocity) to the tissue. In some situations,

this jet serves to control the depth of penetration of the fluid exiting the nozzle 421 by

intersecting the cutting jet causing it to lose momentum. In other situations, the low velocity

jet lavages the tissue (not shown).

[0066] FIGS. 5A-C are isometric views of a nozzle assembly. FIG. 5A shows the nozzle

core 500 housing the high-pressure lumen 501. FIG. 5B shows the slit 504 created following

insertion of two longitudinal rods 502 that together with the diameter of the high-pressure

lumen 501 define the nozzle orifice 504 through which the fluid is ejected at a user defined

velocity (pressure). In addition, FIG. 5C shows the nozzle 500 following the addition of a

front plate 503 that is used to secure the rods and contains an opening 505 for fluid ejection,

the opening being larger than that of the high-pressure lumen 501 . Changing the spacing

between the rods 502 permits the height of the slit 504 to be varied in a controlled manner.

Changing the diameter of the high-pressure lumen 501 can be used to alter the width of the

slit 504 while changing the geometry of the front plate 503 can affect the dispersion of the

fluid after it exits the nozzle orifice 504.

[0067] FIG. 6A shows a cross-sectional side view of a nozzle assembly illustrated in FIG.

5B showing the high-pressure lumen 501 and the placement of the rods 502 in the lumen 501



and wall of the core housing 500. Shown is a lumen 501 and rods 502 of similar diameter

and a nozzle or slit orifice of 0 .1 mm (D in FIG. 6B). The arrow in the lumen 501 shows the

direction of fluid flow.

[0068] FIG. 6B shows the front view of the nozzle assembly shown in FIG. 6A. The

lumen 50 1 is shown here to have a radius of curvature (R) of 0.5 mm while the slit 504 is

shown to have a height (H) of 0.1 mm and width defined by the diameter of the lumen 501.

The rods (502 in FIG. 6A) do not extend to the outside walls of the core nozzle housing 500.

[0069] FIG. 7A shows a cross-sectional side view of a nozzle assembly illustrated in FIG.

5C showing the high-pressure lumen 501, the placement of the rods 502 in the lumen 501 and

wall of the core housing 500, and the positioning of a front plate containing an opening to

permit fluid ejection. In the illustration, the front plate 503 shown has a depth (H) of 1 mm

and secures the rods 502 to the housing 503. The arrow in the lumen 501 shows the direction

of fluid flow.

[0070] FIG. 7B shows a front view of the nozzle assembly illustrated in FIG. 7A. In the

example shown, the opening 505 in the front plate 503 has a radius of curvature (R) of 0.5

mm and a diameter (L) of 1.5 mm. The lumen 501 and distance between the rods which

together define the nozzle orifice 504 are shown here to be 1.0 mm wide and 0.1 mm in

height (H), respectively.

[0071] FIG. 8 is a view of a debridement device embodiment showing a hand piece with

a first and second nozzle orifice. Fluid from a high-pressure source, e.g., pump or other

actuator described herein, is driven through a high-pressure hose and into the hand piece for

ejection through the nozzles. The debridement device 800, shown in FIG 8, includes hand

piece 801 having a lumen in fluid communication with the high pressure hose 803, the lumen

in the hand piece being contiguous with the fluid channels in each elbow fixture and nozzle

adaptor together referred to as the nozzle arms 804 a-b, each nozzle arm terminating in a

nozzles 805a-b through which fluid or slurry is ejected. In this embodiment, variable fluid

pressure can be achieved by increasing or decreasing the air pressure to a pneumatic piston

pump or by controlling the electrical input signal to an electromagnetic fluid actuator in fluid

communication with the high pressure hose 803.

[0072] FIGS. 9A-C are schematic illustrations showing an example sequence of tissue

removal using a first and second nozzle. The two nozzles 905 a-b are directed so that the

ejected fluid from each exactly intersects, as shown in FIG. 9A. The impinging jets dissipate



into a mist upon intersection 910. The mist retains a small fraction of the kinetic energy of

the jets. When directed into tissue, the jets have enough energy to cut, while the mist does

not. Thus, when the nozzles are held at the wound surface and moved laterally, as in 9B, the

two jets cut and separate a distinct section of tissue, but there is no cutting beyond the

intersection line 910, as shown in FIG. 9C.

[0073] FIGS. 10A-B are perspective and section views, respectively, of an example hand

piece with first and second nozzles and a cross section through the hand piece showing the

composition of each nozzle, the O-ring seal, and the fluid flow from the tubing through each

nozzle. In the embodiment shown in FIG. 10A-B, the distance and angle between the nozzles

1005a-b is adjustable. Each nozzle 1005a-b is held via a threaded adaptor to an elbow fixture

1004, referred to as the nozzle arm. Each nozzle arm 1004 is threaded into a separate block

1008, 1009. The angle of each nozzle orifice 1005a-b can be adjusted relative to the other by

rotating the nozzle arms 1004 in a fixed plane to yield variable intersection angles. The

distance between the blocks 1009, 1008 is adjusted with a lead screw 1007, which controls

the translation of block 1008 via the engagement of an extended point set screw 1010 in the

groove 101 1 at the proximal end of the lead screw 1007. This permits the nozzle-containing

block 1008 to move towards or away from the fixed block 1009 that contains the second

nozzle. A pipe 1015 extends between the two blocks 1008, 1009 permitting the flow of water

to each of the nozzles 1005a-b. An O-ring 1012 maintains a watertight seal for all

configurations. A bottom plate 1013 and top rod (1014; shown in FIG. 10A but not FIG.

10B) serve to balance the separating force exerted by the pressurized fluid on blocks 1008

and 1009, keeping the two blocks separated by the distance dictated by the lead screw 1007.

[0074] FIGS. 11A-B illustrate how nozzle angle and distance between the nozzles affect

the cross section of tissue removed. When in use, the jets 1101 a-b are moved laterally,

excising a section of necrotic tissue of predetermined depth 1140 and width 1130. In FIG.

11A, the user-defined nozzle 1105a-b intersection angle 1150 (shown as 90 degrees) together

with the separation distance between the nozzles (shown as 4 mm) determines the point of

intersection of the two jets 1101 a-b. When the jets are of comparable velocity, the

dissipation of energy at the point of intersection results in the creation of a mist thereby

preventing further cutting of the tissue 1120. In FIG. 1IB, while the distance between the

nozzles is unchanged (shown as 4 mm), the jets the jets 1lOla-b are positioned at a different



angle 1151 (shown as 120 degrees) which results in a different cutting depth 1141 but

comparable cutting width 1130 as that illustrated in FIG. 1A.

[0075] Referring to FIGS. 11A and 1IB, the volumetric flow rate of the device varies as a

function of fluid pressure and diameter of the nozzles 1105a-b. The pressure required to cut

ranges from 2 to 20 MPa and depends on the properties of the tissue 1120 being debrided as

well as the distance between and angle 1150, 1151 of the nozzles 1105a-b. The nozzle

diameter is in the range of 50-100 µιη . At a pressure of 15 MPa using a 75 µη nozzle, the

device would have a flow rate of 1.5 mL/s.

[0076] FIGS. 12A-B illustrate an example embodiment of a debridement device that

includes a surgical blade mounted in the proximity of each nozzle to score the tissue prior to

tissue cutting and removal using the liquid jets. High-pressure jets can drive bacteria and

other contaminants deeper into the wound bed as well as inject water into the tissue.

Lowering the cutting pressure can mitigate these effects. In order to reduce requisite cutting

pressure, a surgical blade 1216a can be used to score the tissue prior to cutting. In this

embodiment, shown in FIGS. 12A, a small blade 1216a is positioned adjacent to the nozzle

1205a and as the hand piece is moved across the tissue in the direction of the arrow shown,

the blade 1216a slices the tissue 1215 which is immediately followed by cutting of the tissue

at the scored site by the fluid jet exiting the nozzle 1205a. The blade 1216a can be mounted

in series with a load cell 1245 that can determine the cutting force. Cutting can be enhanced

by vibration from apiezo actuator 1244. In combination, the load cell and piezo actuator can

provide a measure of mechanical impedance. Shown in FIG. 12B, the blades 1216a-b are

mounted adjacent to respective nozzles 1215a-b in receptacles/covers 1217a-b made from

moldable synthetic or semi-synthetic organic solids that mount to and cover the existing

nozzle hardware. The arrow denotes the direction of movement. Each blade 1216 can serve

as an electrode for determination of electrical impedance, an indicator of tissue scoring and

depth. Both the blades and covers are disposable.

[0077] FIGS 13A-B are respective front and partial sectional views of an example

debridement device that includes a vacuum to permit the removal of dead, damaged, or

infected tissue or exudate. Effective debridement requires that the necrotic skin, tissue,

contaminants, and excess exudate be removed from the wound bed leaving behind viable

undamaged tissue. This can be accomplished by creating a vacuum chamber capable of

sucking the debrided material from the site as shown in FIGS. 13A-C; sucking can be



accomplished using the Lorentz-force actuator as discussed above or by attaching an

alternative vacuum source to the device. An evacuation chamber (also referred to as a

vacuum attachment) 13 18 is placed between the two nozzles 1305a-b such that the border of

the lower end of the vacuum chamber 1318 touches the wound bed surface 1315, both

stabilizing the tissue for cutting and also removing debrided tissue, contaminants, and

exudate using an evacuation lumen 1319. The vacuum attachment 1318 mounts to a plate

1320, which in turn mounts to the existing hardware, for example, the hand piece 1303 and

nozzle arms 1304a-b.

[0078] FIG 13B is a cross section view of the vacuum channel, nozzle arms, and nozzles.

A cross sectional view of the evacuation chamber 1318, vacuum channel 1321, nozzle arms

1304a-b, and nozzles 1305a-b is shown in FIG. 13B. The nozzles 1305a-b are seated into an

adaptor housing threaded into an elbow fitting which together constitute the nozzle arms

1304a-b, with the interfaces made liquid-tight (e.g., watertight) using compression fittings

consisting of acrylic crush washers. The distal tips of the nozzles 1305a-b are shown to

protrude into a cavity or slot created in the end of the evacuation chamber 1318, which places

the tips within but not touching the vacuum channel 1321. As shown more clearly in FIGS

14A-C, this cavity or slot shields the area around the nozzles, focusing the vacuum in the

cutting area. The attachment does not directly contact the nozzles 1305a-b.

[0079] FIGS. 14A-C show enlarged views of the vacuum channel and the relative

position of the nozzle arms, and nozzle jets with respect to the vacuum chamber of the device

illustrated in FIG. 13A . FIG. 14A is a detailed, partial sectional view of the evacuation

chamber 1318 and nozzle arm 1304b. The nozzle 1305b extends into the cavity or slot 1422

in the evacuation chamber 1318 at the distal end of the vacuum channel 1321. As shown, the

vacuum chamber 1318 can optionally house a port 1447 in which a sensor 1446, such as a

near IR, SERS, and/or optical sensor, can be seated. The bottom up view represented in FIG.

14B shows the cavity or slot 1422. In addition, it shows that the vacuum attachment 1318

narrows at the front and back to form a 2 mm ridge 1423, equal to the distance between the

nozzles 1305a-b. This feature provides the user with a fixed navigation tool for placement of

the nozzles 1305a-b over the region of tissue requiring debridement. A top down view of the

same navigation ridges 1423 and position of the nozzles 1305a-b relative to the vacuum

attachment 1418 is shown in FIG. 14B.



[0080] While the inclusion of the surgical blades and vacuum as components of the

debridement device have been discussed separately, they can easily be combined into a single

device.

[0081] Figure 15 is a diagram illustrating the operation of an embodiment enabling

continuous delivery of debridement solution to a debridement nozzle unit. The reciprocating

pump system 1500 of FIG. 15 may be employed, for example, to drive debridement solution

to the debridement device 800 shown in FIG 8. Fluid from a low pressure reservoir 1510

permeates the tubing 1504 forming the circuit between low and high pressure flow. Direction

of flow 1505 is restricted using backflow prevention valves 1503. Reciprocating movement

of the pistons 1520a, 1520b ensures continuous flow. Arrow 1599 and dotted lines 1506

denote the direction of piston 1520a, 1520b movement and fluid flow respectively when the

direction of current input to the voice coil of a linear Lorentz-force motor 1501 results in

forward motion (black arrow 1598) of the motor 1501; the opposite would occur when the

motor 1501 moves in the reverse direction (black dotted arrow 1597).

[0082] In the embodiment illustrated in FIG. 15, a single linear Lorentz-force motor 1501

is coupled to a rigid, reciprocal piston assembly 1502 to deliver fluid continuously to the

wound bed ( 1 120 in FIG. 11A). A solution in a low pressure reservoir 1510 supplies a fluid

circuit (e.g., tubing 1504) between a low pressure inlet 1540 and a high pressure outlet 1541.

This fluid circuit includes backflow prevention valves 1503, each comprised of two check

valves in series (indicated by black arrows). Two back-to-back pistons 1520a, 1520b coupled

to the linear Lorentz-force motor 1501 move in reciprocal motion 1598 to draw fluid from the

low pressure reservoir 1510 and then to drive the fluid at high pressure into a high pressure

outlet 1541 connected to the handpiece 151 1 for ejection through one or more nozzles

( 1105a,b in FIG. 1 A). The fluid pressure may be varied by increasing or decreasing the

voltage (current) used to drive the linear Lorentz-force motor 1501.

[0083] More specifically, actuation of the piston assembly 1502 in the forward direction

1599 causes piston A 1520a and piston B 1520b to be driven forward 1599. This forward

movement results in the fluid in the central compartment 1530b (into which piston B 1520b

moves) to be driven across the backflow prevention valve 1503 and into the high pressure

hose (direction of flow indicated by dotted lines 1506), which leads to the handpiece 151 1 for

delivery. The check valves 1503 between this central chamber 1530a,b and the low pressure

reservoir 1510 prevent backflow. As the actuator 1501 drives piston A 1520a forward, the



pressure in the central chamber on that side 1530a decreases, drawing additional solution

from the low pressure reservoir 1510across the valve 1503 and into the compartment 1530a.

Switching the direction of current pulls piston B 1520b and piston A 1520a toward the

actuator 1501, driving fluid in the opposite direction with the same result: high pressure fluid

is driven into a high pressure hose 15 1 connected to the handpiece 151 1 . The dual piston

assembly 1502 in this embodiment enables a smoother pressure profile when compared to a

pneumatically actuated device where the pressure dropped during a refill phase.

[0084] FIG. 16 is a schematic illustration of a cross-section of the internal components of

the embodiment illustrated in FIG. 15. As the piston assembly 1502 moves (direction shown

by arrow 1599), piston B 5120b is driven to the end of its stroke blocking the leftmost inlet

and solution can only move through the tubing to the outlet. The decrease in pressure created

in the complementary compartment holding piston A 1520a results in solution being drawn

from the inlet reservoir into this compartment thereby filling it again. When the direction of

the stroke is reversed, a similar series of events occur but in the opposite direction. A spring-

actuated seal collars the piston preventing leakage.

[0085] In this embodiment, force is transferred to the back-to-back pistons 1520a,b via an

aluminum plate 1602, which is offset from the actuator 1501 by two aluminum rods (shown

as 1715 in FIG. 17). Each piston 1520a,b may be screwed into a stainless steel ball 1603,

which is in turn secured to the center plate 1602 by a retaining block 1604. The use of these

spheres 1603 compensates for misalignment and prevents over-constraint. Each piston

1520a,b interacts with the fluid circuit 1504 through a tightly-toleranced orifice 1602,

providing the piston access to the central chamber 1530a,b between the backflow prevention

valves 1503. The piston 1520a,b moves reciprocally through the hole 1602, drawing in fluid

or forcing it out of the central chamber 1530a,b. The connection may be sealed by a spring-

actuated PTFE shaft seal 1607. When used in a seal, the canted-coil spring 1607 offers two

advantages: it has lower friction than an O-ring, and also the force of the canted-coil spring

1607 remains relatively constant within the working deflection, providing an effective seal

that compensates for wear and mating tolerance thereby preventing leakage. An O-ring 1608

may surround the shaft seal 1607 and create a face seal between the plate 1602 and the pump

unit 1660a,b also to prevent leakage.

[0086] FIG. 17 is a rendering illustrating a device having an attachment of a center plate-

piston assembly to a motor output. The center platform 1602, to which the back-to-back



pistons 1520a,b are secured, is attached to the actuator 1501 via two cylindersl715

protruding from the front face of the moving coil 1716 of the actuator 1501. Input to the coil

1716 results in two-way (forward and reverse) movement of the rods 1715 and, by extension,

the piston assembly plate 1602. An inductive position sensor (not shown) monitoring the

position of the coil 1716 may be mounted in a mounting block 1716 behind the voice coil

actuator 1501.

[0087] FIG. 18A is a graph showing change in pressure as a function of time of a system

having aspects of the reciprocating pump embodiment shown in FIG. 15. FIG. 18A shows

change in pressure as a function of time, with higher pressures generated for higher frequency

pumping; 1 Hz and 9 Hz pressure profiles were input to the actuator 1501 generating the two

profiles shown. Position (closed loop), pressure, and voltage output from the motor are

controlled. The pump system 1500 providing the data of FIG. 18A is shown to provide a

relatively steady flow at specified pressures with the upper range being consistent with that

required for debridement. As shown, the system 1500 is capable of maintaining a constant

pressure within a range of 2 MPa.

[0088] FIG. 18B is a graph showing the fluid capacitance of a system having aspects of

the embodiment shown in FIG. 15. When current input to the voice coil 1716 of the actuator

1501 is removed, after the 286 second mark, the pressure decays exponentially demonstrating

the fluid capacitance of the system 1500. The fluid capacitance during normal operation

allows the system 1500 to maintain elevated pressures even when the actuator 1501 reverses

direction and is not instantaneously supplying pressure. This capacitance ensures a

continuity of flow which allows for predictable debridement.

[0089] FIG. 9 is a graph of fit between the commanded vs. measured piston position of a

system 1500 having aspects of the embodiment shown in FIG. 15. Closed loop position

control of the reciprocating piston pump system 1500 is demonstrated in FIG. 19.

Commanding a triangle wave, as shown by the solid line plot of commanded piston position

1920 (representing 4.5 volts at 9Hz), approximates continuous linear motion at a constant

velocity of the measured piston 1530a,b position, as shown by the dotted line 1910.

[0090] FIG. 20 is a schematic illustrating a tissue tensioner according to aspects of the

disclosed embodiments. A tissue tensioner 2000 includes a pivot joint 2001 connecting two

arms 2007 together. Each arm 2007 supports a wheel 2008 secured by a bearing 2009 to the

arm. The arms 2007 include adjustment bolts 2090a,b traveling alone an angular adjustment



race 2091 . The bolts 2090a,b being positioned at different points along the race 2091 enables

the arms 2007 and wheels 2008 to be positioned at a desired angle with respect to each other.

[0091] FIG. 2 is a schematic illustrating hand piece embodiment having a tissue

tensioner and a dual nozzle debridement device. A tissue tensioner 2000 and a debridement

device 2 110 are connected to a handle 2120. The debridement device 2 110 includes a nozzle

assembly 2 111 configured to deliver a jet a debridement solution to a region of target tissue

2101 . In operation, movement of the handle 2120 moves the nozzles of the debridement

device 2 110 across the tissue 2101 and rolls the wheels 2008 of the tissue tensioner 2000

across the tissue 2101 in advance of the debridement device 2 110.

[0092] FIG. 22 is a schematic illustrating a top-down view of the hand piece of FIG. 21.

In one configuration, two wheels 2008 roll along the tissue surface 2101 and deliver tension

forces 2299 to the area impacted by the cutting jets 2205a,b. Tension 2299 has been shown

to reduce the required cutting pressure. The wheels 2008 flank the cutting nozzles 2205a,b

and are offset slightly ahead of the nozzles2205a,b. The surface of the wheel 2008 comes

into contact with the tissue surface 2101 ahead of the cutting zone, and rolling contact is

maintained with that same spot on the tissue 2101 until it is even with the cutting zone. The

wheels 2008 are angled so that the forward edges of the two wheels 2008 are closer together

than the back end. Thus, as the wheels 2008 maintain contact with a particular spot on the

tissue 2101 (wound bed) through the roll, the section of tissue 2101 is tensioned between the

two wheels 2008 by the applied tension forces 2299.

[0093] While this invention has been particularly shown and described with references to

example embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.

[0094] The teachings of all patents, published applications and references cited herein are

incorporated by reference in their entirety.
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CLAIMS

claimed is:

A debridement apparatus comprising:

a controllable Lorentz-force electromagnetic actuator system comprising at

least one coil and at least one magnet assembly;

a nozzle delivering a jet of debridement substance to a region of tissue, said jet

driven by the controllable Lorentz-force electromagnetic actuator; and

a suction port for removing the debridement substance after delivery to the

region of tissue and additional substances therein, the suction port supporting a

negative pressure for suction, the negative pressure supplied by the controllable

Lorentz-force electromagnetic actuator.

The apparatus of Claim 1, wherein pressures of the jet and suction define pressure

profiles for at least one of the following: cutting tissue, stimulating tissue for

regeneration, breaking up material for removal, stimulating healthy tissue to assist

healing.

The apparatus of Claim 2, wherein pressures of the jet and suction define pressure

profiles corresponding to a predetermined or sensed frequency resonance of the tissue

region.

The apparatus of Claim 1, wherein the nozzle and suction port are configured in a

coaxial nozzle, the coaxial nozzle defining an inner nozzle and an outer suction port.

The apparatus of Claim 1, wherein the Lorentz-force actuator is adapted to drive the

jet with pulses of the debridement substance.

The apparatus of Claim 1, further comprising a first Lorentz-force actuator for each of

the jet and suction.



7 . The apparatus of Claim 6, further comprising a second Lorentz-force actuator for each

of the jet and suction.

8 . The apparatus of Claim 7 wherein the first and second Lorentz-force actuators of the

jet and suction are configured to provide for continuous jet ejection and continuous

suction.

9. The apparatus of any of the Claims 1-7, further including a reservoir of debridement

substance, the controllable Lorentz-force electromagnetic actuator driving the jet

being in fluid communication with the reservoir.

10. The apparatus of any of the preceding claims, further including a waste reservoir

adapted to receive substances retrieved through the suction port.

11. The apparatus of any of the preceding claims, further comprising:

a sensor determining one or more properties of the debridement substance for

controlling the actuator.

12. The apparatus of Claim 11, further comprising:

a sensor distinguishing between live and dead tissue, the sensor selected from

the list comprising: mechanical or electrical impedance, near IR, Raman

spectroscopy, optical, or acoustic sensors.

13. The apparatus of Claim 12, wherein the sensor is seated in the apparatus adjacent to

the nozzle orifice, the controllable Lorentz-force electromagnetic actuator adjusting a

velocity of the jet according to the distinguishing between live and dead tissue.

14. The apparatus of any of the preceding claims, further comprising:

one or more sensors determining one or more of the following: actuator force,

position of the nozzle, orientation of the nozzle, jet pressure, and temperature of the

debridement substance or the region of tissue.



15. The apparatus of any of Claims 11-14, wherein the sensor is an acoustic sensor using

the jet as a carrier medium.

16. The apparatus of any of the preceding claims, wherein the nozzle further includes a

nozzle orifice having a diameter between 50 and 200 micrometers, the jet being

ejected through the nozzle orifice.

17 . The apparatus of any of the preceding claims, wherein the nozzles further includes

one or more internal surface geometries affecting a property of the jet.

18. The apparatus of Claim 17, wherein the one or more internal surface geometries

include a smoothly tapered region.

19. The apparatus of Claim 17, wherein the one or more internal surface geometries are

rifling, the rifling inducing rotation energy to the jet.

20. The apparatus of any of the preceding claims, wherein the nozzle includes a

collimator.

21. The apparatus of any of the preceding claims, wherein the nozzle and suction port are

positioned at angles with respect to the region of tissue and shaped to capture

debridement substance reflected by the tissue.

22. The apparatus of any of the preceding claims, further comprising:

one or more surgical blades positioned to score the region of tissue prior to

being impacted by the jet.

23. The apparatus of claim 22, further including an electrical impedance sensor, and

wherein the one or more surgical blades are electrodes used to determine an electrical

impedance of the target tissue.



24. The apparatus of any of the preceding claims, wherein a pressure of the jet is between

2 and 20 MPa.

25. A debridement apparatus comprising:

a first nozzle delivering a first jet of debridement substance to a region of

tissue at a first angle;

a second nozzle positioned a distance away from the first nozzle, the second

nozzle delivering a second jet of debridement substance to the region of tissue at a

second angle; and

wherein the first and second jets are adapted to intersect and dissipate into a

mist upon intersection, wherein the mist dissipates substantially all of a kinetic energy

of the first and second jets.

26. The debridement apparatus of Claim 25, wherein at least one of the first angle, the

second angle, and the distance is adjustable.

27. The debridement apparatus of Claims 25 or 26, further comprising:

a controllable pressure source; and

wherein said first jet and said second jet are driven by the controllable

pressure source.

28. The apparatus of any of Claim 27, wherein the controllable pressure source includes

at least one Lorentz-force electromagnetic actuator.

29. The apparatus of any Claims 25-28, further including an evacuation chamber

supporting a negative pressure, the evacuation chamber positioned between the first

and second nozzles, the evacuation chamber including a distal end configured to

interface with the region of target tissue, the evacuation chamber stabilizing the

region of tissue and removing debrided tissue, contaminants, and exudate through an

evacuation lumen coupled to the evacuation chamber.



The apparatus of Claim 29, wherein the distal end of the evacuation chamber includes

a cavity or slot to receive the first and second nozzles.

The apparatus of any Claims 27-28, further comprising:

a sensor determining one or more properties of the debridement substance for

controlling the pressure source.

The apparatus of any of Claims 25-31, further comprising:

a sensor distinguishing between live and dead tissue, the sensor selected from

the list comprising: mechanical or electrical impedance, near IR, Raman

spectroscopy, optical, or acoustic sensors.

33. The apparatus of Claim 32, wherein the sensor is seated in the apparatus proximal to

the first and second nozzle orifices, the controllable pressure source adjusting a

velocity of the jet according to the distinguishing between live and dead tissue.

34. The apparatus of any of Claims 25-30, further comprising:

one or more sensors determining one or more of the following: actuator force,

positions of the first and second nozzles, orientation of the nozzle, jet pressure, and

temperature of the debridement substance or the region of tissue.

35. A method for debriding tissue, the method comprising:

providing a source of debridement substance to a nozzle;

controlling a pressure of the debridement substance with a Lorentz-force

electromagnetic actuator;

supporting a negative pressure in a suction port with the Lorentz-force

electromagnetic actuator;

driving a jet of debridement substance through the nozzle;

delivering the jet of debridement substance to a region of tissue;

removing the debridement substance after delivery to the region of tissue and

additional substances therein with the suction port.



The method of Claim 35, further including the jet debriding a target section of tissue

in the region of tissue.

The method of Claim 35, further including the jet cutting a target section of tissue in

the region of tissue.

38. The method of Claim 35, further including the jet stimulating a target section of tissue

in the region of tissue to promote healing.

39. The method of any of Claims 35-38, wherein the Lorentz-force actuator comprises

two Lorentz-force actuators, wherein one of the two Lorentz-Force actuators is a jet

actuator controlling the pressure of the debridement substance and wherein the other

of the two Lorentz-Force actors is a suction actuator supporting the negative pressure.

40. The method of Claim 39, wherein with the jet actuator and suction actuator each

includes first and second Lorentz-force electromagnetic actuators, the first and second

Lorentz-force electromagnetic actuators adapted to provide continuous suction or

continuous pressure.

4 1. The method of any of Claims 35-40, further including positioning the suction port and

nozzle together in a coaxial nozzle, the coaxial nozzle defining an inner nozzle and an

outer suction port.

42. The method of any of any of Claims 35-41, wherein controlling a pressure of the

debridement substance includes pulsing the pressure with the Lorentz-force

electromagnetic actuator.

43 The method of Claim 35, further including determining one or more properties of the

debridement substance for controlling the actuator.

44. The method of Claim 35, further comprising:



sensing the one or more properties of the region of tissue via mechanical or

electrical impedance, near IR, Raman spectroscopy, optical, or acoustic sensors;

distinguishing between live and dead tissue based on the sensed properties;

and

controlling the actuator based on the sensed properties.

45. The method of Claim 44, further including:

sensing one or more of the following: actuator force, position of the nozzle,

orientation of the nozzle, jet pressure, and temperature of the debridement substance

or the region of tissue.

46. The method of Claim 44 or 45, further including integrating the sensor with the

nozzle, the blades, or the vacuum chamber.

47. A method for debriding tissue, the method comprising:

driving a first jet of debridement substance through a first nozzle;

driving a second jet of debridement substance through a second nozzle, the

first and second jets intersecting and dissipating into a mist upon intersection, wherein

the mist dissipates substantially all of a kinetic energy of the first and second jet; and

delivering the first and second jets of debridement substance to a region of

tissue.

48. The method of Claim 47, further comprising:

supporting a negative pressure in an evacuation chamber; and

removing the debridement substance after delivery to the region of tissue and

additional substances therein through the evacuation chamber.

49. The method of Claim 48, wherein supporting a negative pressure in an evacuation

chamber includes:

disposing the evacuation chamber between the first and second nozzles;

interfacing with the region of target tissue with a distal end of the evacuation

chamber;

stabilizing the region of tissue; and



removing any combination of tissue, contaminants, and exudate through an

evacuation lumen connected to the evacuation chamber.

50. The method of Claim 49, wherein disposing the evacuation chamber between the first

and second nozzles includes positioning the first and second nozzles in a cavity or slot

in the evacuation chamber.

51. The method of any of Claims 47-50, further comprising:

controlling a pressure of the debridement substance with a controllable

pressure source, the controllable pressure source driving the first jet of debridement

substance through the first nozzle and the second jet of debridement substance

through the second nozzle.

52. The apparatus or method of any of the preceding claims, wherein the debridement

substance is a debridement fluid.

53. A debridement apparatus comprising:

a controllable pressure source;

a nozzle delivering a jet of debridement substance to a region of tissue, the jet

driven by the controllable pressure source;

a suction port for removing the debridement substance after delivery to the

region of tissue and additional substances therein, the suction port supporting a

negative pressure for suction; and

a surgical blade positioned to score the region of tissue prior to being impacted

by the jet.

54. The apparatus of any of Claim 53, wherein the controllable pressure source includes

at least one Lorentz-force electromagnetic actuator.

55. The apparatus of Claim 54, wherein the Lorentz-force electromagnetic actuator is

adapted to drive the jet with pulses of the debridement substance.



56. The apparatus of Claim 54, further comprising a first Lorentz-force electromagnetic

actuator for each of the jet and suction.

57. The apparatus of Claim 56, further comprising a second Lorentz-force

electromagnetic actuator for each of the jet and suction.

58. The apparatus of Claim 57 wherein the first and second Lorentz-force electromagnetic

actuators of the jet and suction are configured to provide for continuous jet injection

and continuous suction.

59. The apparatus of any of Claims 53-56, further including a reservoir of debridement

substance, the controllable Lorentz-force electromagnetic actuator driving the jet

being in fluid communication with the reservoir.

60. The apparatus of Claim 59, wherein pressures of the jet and suction define pressure

profiles for at least one of the following: cutting tissue, stimulating tissue for

regeneration, breaking up material for removal, stimulating healthy tissue to assist

healing.

6 1. The apparatus of Claim 57, wherein pressures of the jet and suction define pressure

profiles corresponding to a predetermined or sensed frequency resonance of the tissue

region.

62. The apparatus of any of Claims 53-61, further comprising:

a sensor determining one or more properties of the debridement substance for

controlling the actuator.

63. The apparatus of Claim 62, further comprising:

a sensor distinguishing between live and dead tissue, the sensor selected from

the list comprising: mechanical or electrical impedance, near IR, Raman

spectroscopy, optical, or acoustic sensors.



64. The apparatus of Claim 63, wherein the sensor is seated in the apparatus adjacent to

the nozzle orifice, the controllable pressure source actuator adjusting a velocity of the

jet according to the distinguishing between live and dead tissue.

65. The apparatus of any of Claims 53-61, further comprising:

one or more sensors determining one or more of the following: actuator force,

position of the nozzle, orientation of the nozzle, jet pressure, and temperature of the

debridement substance or the region of tissue.

66. The apparatus of any of Claims 62-64, wherein the sensor is an acoustic sensor using

the jet as a carrier medium.

67. The apparatus of any of Claims 53-66, wherein the nozzle further includes a nozzle

orifice having a diameter between 50 and 200 micrometers, the jet being ejected

through the nozzle orifice.

68. The apparatus of any of Claims 53-67, wherein the nozzle further includes one or

more internal surface geometries affecting a property of the jet.

69. The apparatus of Claim 68, wherein the one or more internal surface geometries

include a smoothly tapered region.

70. The apparatus of Claim 68, wherein the one or more internal surface geometries are

rifling, the rifling inducing rotation energy to the jet.

71. The apparatus of any of Claims 53-70, wherein the nozzle includes a collimator.

72. The apparatus of any of Claims 53-71 , wherein the nozzle and suction port are

positioned at angles with respect to the region of tissue and shaped to capture

debridement substance reflected by the tissue.



73. The apparatus of claim 72, further including an electrical impedance sensor, the one

or more surgical blades are electrodes used to determine an electrical impedance of

the target tissue.

74. The apparatus of any of Claims 53-73, wherein a pressure of the jet is between 2 and

20 MPa.

75 . The apparatus of Claim 1, wherein the nozzle is a first nozzle delivering a first jet of

debridement substance to a region of tissue at a first angle, the apparatus further

including a second nozzle positioned a distance away from the first nozzle, the second

nozzle delivering a second jet of debridement substance to the region of tissue at a

second angle, the second jet driven by the controllable Lorentz-force actuator; and

wherein the first and second jets are adapted to intersect and dissipate into a mist upon

intersection, wherein the mist dissipates substantially all of a kinetic energy of the

first and second jets.

76. The apparatus or method of any Claim 54-75, wherein the debridement substance is a

debridement fluid.

77. The apparatus of any of Claims 31-33, wherein the sensor is an acoustic sensor using

first and second jets as a carrier medium.

78. The apparatus of Claim 1, further including a tissue tensioner tensioning the region of

tissue.

79. The apparatus of Claim 25, further including a tissue tensioner tensioning the region

of tissue.

80. The method of Claim 43, further including tensioning the region of tissue during the

delivering the first and second jets of debridement substance to the region of tissue.



The apparatus of Claim 53, further including a tissue tensioner tensioning the

of tissue.























































A . CLASSIFICATION O F SUBJECT MATTER

INV. A61B17/3203 A61M1/00 A61B17/3209
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B A61M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 037 431 A (SUMMERS DAVID A [MN] ET 1-21 ,
AL) 6 August 1991 (1991-08-06) 24-34,

52 ,75 ,
77-79

col umn 11 , l i ne 6 - col umn 12 , l i ne
f i gures 7-9

US 2011/143310 Al (HUNTER IAN W [US] ) 1-21 ,24,
16 June 2011 (2011-06-16) 52 ,78
paragraph [0052] - paragraph [0056] ; 28,
f i gure 1 31-34,
paragraph [0063] - paragraph [0068] 54-74

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

23 September 2015 30/09/2015

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Moers , Roel of



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 03/096871 A2 (PATENT MAX Q P M Q LTD 25-34,
[GB] ; PAZ ADRIAN [ I L] ) 75 ,77 ,79
27 November 2003 (2003-11-27)
page 22 , l i ne 13 - page 23 , l i ne 15 ;
f i gures 2b, 4a, b
page 35 , l i ne 7 - page 36, l i ne 9 ; c l aim 2

Y W0 2010/148125 Al ( FOUNDRY LLC [US] ; DEEM 25-34,
MARK [US] ; HENDRICKSEN MICHAEL [US] ; 75 ,77 ,79
GITTINGS D) 23 December 2010 (2010-12-23)
paragraph [0155] ; f i gures la, 5c
paragraph [0169]

X US 6 451 017 Bl (MOUTAFIS TIMOTHY E [US] 22 ,23 ,
ET AL) 17 September 2002 (2002-09-17) 53-74,

76,81
col umn 7 , l i ne 63 - l i ne 67 ; f i gure 5a
col umn 20, l i ne 47 - col umn 21 , l i ne 36

X US 2009/069805 Al ( FISCHER KLAUS [DE] ET 53
AL) 12 March 2009 (2009-03-12)
abstract; f i gures 1 , 2
paragraph [0029] - paragraph [0031]

X, P W0 2014/210149 Al (3M INNOVATIVE 1-3 , 5 ,6,
PROPERTI ES CO [US] ) 9-15 ,52
31 December 2014 (2014-12-31)
paragraph [0109] - paragraph [0132] ;
f i gure 21

A US 2003/125660 Al (MOUTAFIS TIMOTHY E [US] 1
ET AL) 3 July 2003 (2003-07-03)
paragraph [0068] - paragraph [0071] ;
f i gures 1 , 2 , 7
paragraph [0103] - paragraph [0104]

A US 2011/082388 Al (HUNTER IAN W [US] ET 1 , 7 , 8
AL) 7 Apri l 2011 (2011-04-07)
paragraph [0048] - paragraph [0049] ;
f i gure 4

A US 2007/129630 Al (SHIMK0 DANI EL A [US] ) 1
7 June 2007 (2007-06-07)
abstract; f i gures 5 , 6

A US 2011/245757 Al (MYNTTI MATTHEW F [US] 1
ET AL) 6 October 2011 (2011-10-06)
paragraph [0025] - paragraph [0027] ;
f i gures 1 , 2

A US 2009/254075 Al (PAZ ADRIAN [ I L] ET AL) 25
8 October 2009 (2009-10-08)
paragraph [0043] - paragraph [0046] ;
f i gures 3a-4d

-/--



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2009/326489 Al (KENSY ARND [DE] ET AL) 25

31 December 2009 (2009-12-31)
paragraph [0037]; figures 4-6

W0 2004/037095 A2 (HYDR0CISI0N INC [US]) 53

6 May 2004 (2004-05-06)
abstract; figures 1-11

DD 234 608 Al (V0LKSWERFT STRALSUND VEB 53

[DD] ) 9 April 1986 (1986-04-09)
abstract; figure 1

W0 2012/068735 Al (CHEN XIAOPING [CN] ; L I 53

NONG [CN]; XIAO ZHENYU [CN] ; YANG ZHENKUN
[CN]) 31 May 2012 (2012-05-31)
abstract; figure 1



INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.: 35-51 , 80
because they relate to subject matter not required to be searched by this Authority, namely:

Rul e 39 . 1( ) PCT - Method for treatment of the human or animal body by
surgery

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3 . □I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see addi t i onal sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

IX INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/ US2015/ 029456

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 1-21 , 24, 52 , 78

Debri dement apparatus compri si ng Lorentz force actuator,
nozzl e and sucti on port.

2 . cl aims : 25-34, 75 , 77 , 79

Debri dement apparatus compri si ng f i rst and second nozzl es
creati ng mi st.

3 . cl aims : 22 , 23 , 53-74, 76, 81

Debri dement apparatus compri si ng pressure source, nozzl e,
sucti on port and surgi cal bl ade.



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5037431 A 06-08-1991 NONE

US 2011143310 Al 16-06-2011 US 2011143310 Al 16-06-2011
US 2011311939 Al 22-12-2011
US 2012003601 Al 05-01-2012

O 2011075535 Al 23-06-2011
O 2011075545 Al 23-06-2011

WO 2011084511 Al 14-07-2011

W0 03096871 A2 27-11-2003 AU 2003224409 Al 02-12-2003
W0 03096871 A2 27-11-2003

W0 2010148125 Al 23-12-2010 NONE

US 6451017 Bl 17-09-2002 AT 472295 T 15 -07 -2010
AU 780721 B2 14 -04 -2005
AU 2779401 A 24 -07 -2001
CA 2393608 Al 19 -07 -2001
EP 1246576 A2 09 -10 -2002

P 2003519525 A 24 -06 -2003
US 6451017 Bl 17 -09 -2002
US 2003009166 Al 09 -01 -2003
US 2005283150 Al 22 -12 -2005
WO 0150965 A2 19 -07 -2001

US 2009069805 Al 12-03-2009 CN 101155555 A 02-04-2008
DE 102005038694 Al 26-10-2006
EP 1868520 Al 26-12-2007
J P 5112292 B2 09-01-2013
J P 2008535591 A 04-09-2008
US 2009069805 Al 12-03-2009
W0 2006108480 Al 19-10-2006

W0 2014210149 Al 31-12-2014 NONE

US 2003125660 Al 03-07-2003 AT 367122 T 15 -08 -2007
AU 2002364122 Al 1 -06 -2003
CA 2495911 Al 05 -06 -2003
DE 60221294 T2 03 -04 -2008
EP 1485032 Al 15 -12 -2004
ES 2290358 T3 16 -02 -2008
J P 4346443 B2 21 -10 -2009
J P 2005510285 A 21 -04 -2005
US 2003125660 Al 03 -07 -2003
US 2009076440 Al 19 -03 -2009
WO 03045259 Al 05 -06 -2003

US 2011082388 Al 07 -04- -2011 US 2011082388 Al 07-04-2011
US 2011166549 Al 07-07-2011
US 2015025505 Al 22-01-2015

US 2007129630 Al 07 -06- -2007 US 2007129630 Al 07-06-2007
US 2008058641 Al 06-03-2008
US 2008306608 Al 11-12-2008
WO 2007067920 A2 14-06-2007

US 2011245757 Al 06 -10- -2011 AU 2009257390 Al 17-12-2009
CA 2727432 Al 17-12-2009

page 1 of 2



Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2303254 A2 06-04-2011
P 2011524367 A 01-09-2011
P 2015147790 A 20-08-2015

RU 2010154003 A 20-07-2012
US 2011245757 Al 06-10-2011
US 2014309581 Al 16-10-2014
O 2009152374 A2 17-12-2009

US 2009254075 Al 08-10-2009 AU 2006273620 Al 01-02-2007
CA 2617018 Al 01-02-2007
EP 1933749 A2 25-06-2008
JP 2009502304 A 29-01-2009
US 2009254075 Al 08-10-2009
W0 2007013076 A2 01-02-2007

US 2009326489 Al 31-12-2009 AT 464921 T 15-05-2010
DE 202006018986 Ul 17-04-2008
EP 2099512 A2 16-09-2009
US 2009326489 Al 31-12-2009
W0 2008074284 A2 26-06-2008

W0 2004037095 A2 06-05-2004 AT 485777 T 15-11-2010
AU 2003301525 Al 13-05-2004
CA 2502984 Al 06-05-2004
EP 1558152 A2 03-08-2005
JP 2006503682 A 02-02-2006
W0 2004037095 A2 06-05-2004

DD 234608 Al 09-04-1986 NONE

WO 2012068735 Al 31-05-2012 NONE

page 2 of 2


	abstract
	description
	claims
	drawings
	wo-search-report

