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(54) Title: SURGICAL DEVICES INCORPORATING LIQUID JET ASSISTED TISSUE MANIPUTATION AND METHODS

(57) Abstract: Surgical instruments are disclosed that utilize high-pressure liquid jets to perform a variety of useful functions.
In certain embodiments, surgical instruments are described incorporating one or more liquid jets utilized to contact tissue excised
by a non-liquid jet tissue-cutting component of the surgical instrument for the purpose of further cutting the excised tissue and/or

tissue into a plurality of small particles and/or facilitating or as-

sisting removal of excised tissue from a surgical site without the need to remove the instrument from the surgical site. In certain
embodiments, a liquid jet of a surgical instrument can be utilized for the purpose of excising tissue of a patient immobilized and/or
manipulated by the surgical instrument. Also described are surgical devices of the type characterized by curettes, rongeurs, bone
punches, bone cutting forceps, morcellators, surgical micrograspers, with functionality and performance supplemented by the inte-
gration of a liquid jet. The liquid jet, in certain embodiments of such instruments, can be used, for example, as a cutting jet and/or as

or burr abrader. In certain embodiments, the liquid jet provided

¥ in the inventive instruments can be used to bring about or speed up the piecewise removal of tissue, for example bone or a nucleus
S ofa spinal disc, by converting at least a portion of a segment of tissue excised with the device into smaller particles in situ and
removing them. In operations such as those on the spine, e.g. as in the repair of herniated discs, functionality provided by liquid jets

of certain of the inventive instruments can facilitate excision of tiss

ue and removal of the excised tissue from the surgical site while

requiring less/no movement of the instrument to discharge debris from the operative site, thereby improving the speed and safety of

=

operation and decreasing fatigue and workload for the surgeon. Also disclosed are methods of using certain liquid jet-containing
surgical instruments for performing surgical procedures, for example surgical procedures on the spinal column of a patient.
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SURGICAL DEVICES INCORPORATING LIQUID JET ASSISTED TISSUE
MANIPULATION AND METHODS FOR THEIR USE

Background of the Invention

1. Field of the Invention

The present invention relates to surgical devices utilized for surgical procedures and
incorporating liquid jets to assist manipulation of tissue and/or to manipulate tissue, and, more
particularly to surgical devices utilizing high pressure liquid jets to cut tissue and/or drive
mechanical tissue cutting components and/or remove or assist in removal of tissue from a

surgical site.

2. Description of the Related Art

Surgery, especially surgery in confined spaces surrounded by delicate tissue, is very
difficult to perform and requires a great degree of skill on the part of a surgeon and specialized
surgical instruments. Tissue removing or manipulating surgical instruments traditionally
utilized in such procedures often include specialized cutting, scooping, grasping, etc.
components having particular shapes and orientations configured for specific surgical
purposes. Examples of challenging surgical environments requiring specialized instruments
include joints, the nasal cavity, the throat, the skull, the male and female urinary and
reproductive tract, etc. One particularly challenging environment is the spine, where access to
the vertebral disc often requires removal of fibrous cartilaginous tissue and vertebral bone
while avoiding contact with the spinal cord, and nerves, veins and arteries embedded within or
adjacent to the spinal column.

While a variety of tissue cutting/removal instruments can be utilized in one or more of
the above-mentioned surgical environments, most such instruments can generally be classified
as those whose tissue cutting/removal component is stationary with respect to the rest of the
instrument and those with sliding, rotating, or otherwise movable tissue manipulating
components. While each class includes many instruments, for illustrative purposes, the term
“curette” will be utilized to represent the former class and the term “rongeur” will be utilized to

represent the later class. As will be apparent to those skilled in the art based on the description
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of the invention to follow, many other traditional surgical instruments share one or more of the
shortcomings discussed below and would benefit from the disclosed invention.

A curette is a well-known surgical device typically comprising a handle and a cup-
shaped or ring-shaped distal operating end, typically with sharpened, tissue-cutting edges (see
FIG. 1). In use, a curette is typically dragged across and/or pushed into tissue to score and
remove tissue. In certain applications, a curette is used to remove a softer superficial layer or
quantity of tissue from a harder tissue, such as bone. An example of use in sufgery includes
the scraping of cartilage from bony surfaces of the spine to promote fusion of a disc implant to
vertebrae.

When typical conventional curette devices are employed, the surgeon, upon excising a
piece of tissue, must usually remove the entire instrument from the surgical area and remove
the excised tissue from the instrument prior to reinsertion of the instrument into the surgical
area to excise more tissue. Such a process is tedious, fatiguing to the surgeon, and exposes the
patient to an increased risk of damage to delicate tissues within the surgical area.

Thus, while the basic shape and function of the conventional curette, and similar
instruments, is desired by many surgeons for many purposes, an improved means of facilitating
tissue removal from the surgical site and/or improved tissue cutting for such instruments is
desirable. |

A rongeur is an instrument, typically for excising hard tissue, such as cartilage and
bone, often characterized by distal end including a mechanical cutting or punching component
actuatable by manipulating the handle of the instrument, e.g. by squeezing, scissor action, etc.
Many rongeurs and bone punches utilized for spine surgery are configured to include a tube
having a sharpened distal end that is longitudinally moveable to contact the proximal side of a
bone/tissue protrusion and cut/snip/punch the protrusion upon actuation with the handle (see
FIG. 12). If bone or cartilage is present between the tube and the protrusion, it can be cut and
locally retained, with sufficient precision that damage to adjacent tissue, particularly the spinal
cord, can reliably be avoided. However, the cut piece of bone or other tissue cannot safely be
released inside the confines of the spine. Hence, the instrument must be removed after each
cut; the cut piece deposited appropriately; and the instrument re-inserted. This makes the
removal of tissue time-consuming, tedious, and physically demanding for the surgeon,
particularly in terms of fatigue of the hand and also increases trauma to the patient and

increases the risk of damage to sensitive surrounding tissue. Similar considerations apply in
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surgery of the skull, or in surgery adjacent to nervous tissue in any area of the body,
particularly when involving removal of mechanically strong tissues such as bone, cartilage or
calcified tissue. Great delicacy and precision are also required in other types of surgery,
including surgery of the reproductive tract, the urinary tract, the upper respiratory system
including the nose and the sinuses, the visual system, and the auditory system. Thus, there is a
need for improved means of providing for tissue removal and/or tissue cutting for these and
similar instruments.

In addition, other conventional, powered tissue removal instruments, such as drills and
rotary cutting burrs, etc. are not generally considered sufficiently safe for use in many of the
above-mentioned challenging surgical environments, since any operator error using
conventional forms of such devices can result in damage to the spinal cord, nerves, blood
vessels, or other delicate tissues of the patient. There is a need for instruments that can reliably
remove tissue in proximity to delicate tissue, as described above, with greater speed,
efficiency, and less trauma to the patient, and with less physical stress on the surgeon’s hand

and forearm musculature.

Summary
Surgical instruments are disclosed that utilize high-pressure liquid jets to perform a

variety of useful functions. In certain embodiments, surgical instruments are described
incorporating one or more liquid jets utilized to contact tissue excised by a non-liquid jet
tissue-cutting component of the surgical instrument for the purpose of further cutting the
excised tissue and/or fragmenting and/or disaggregating at least a portion of the excised tissue
into a plurality of small particles and/or facilitating or assisting removal of excised tissue from
a surgical site without the need to remove the instrument from the surgical site. In certain
embodiments, a liquid jet of a surgical instrument can be utilized for the purpose of excising
tissue of a patient immobilized and/or manipulated by the surgical instrument. Also described
are surgical devices of the type characterized by curettes, rongeurs, bone punches, bone cutting
forceps, morcellators, surgical micrograspers, with functionality and performance
supplemented by the integration of a liquid jet. The liquid jet, in certain embodiments of such
instruments, can be used, for example, as a cutting jet and/or as a power source for a rotary
tissue-contacting device, such as a drill or burr abrader. In certain embodiments, the liquid jet

provided in the inventive instruments can be used to bring about or speed up the piecewise
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removal of tissue, for example bone or a nucleus of a spinal disc, by converting at least a
portion of a segment of tissue excised with the device into smaller particles in situ and
removing them. In operations such as those on the spine, e.g. as in the repair of herniated
discs, functionality provided by liquid jets of certain of the inventive instruments can facilitate
excision of tissue and removal of the excised tissue from the surgical site while requiring
less/no movement of the instrument to discharge debris from the operative site, thereby
improving the speed and safety of operation and decreasing fatigue and workload for the
surgeon. Also disclosed are methods of using certain liquid jet-containing surgical instruments
for performing surgical procedures, for example surgical procedures on the spinal column of a
patient.

In one aspect of the invention, surgical instruments are disclosed. In one embodiment,
the surgical instrument comprises: a nozzle that is shaped to form a liquid jet; a pressure lumen
configured and positioned to convey a flow of liquid to the nozzle; an evacuation lumen
comprising a jet-receiving opening locatable opposite the nozzle to receive at least a portion of
the liquid jet emitted from the nozzle, when the instrument is in operation, and which is
configured and positioned to convey a flow of liquid away from the jet-receiving opening; and
a non-liquid jet tissue-cutting component constructed and positioned to excise tissue during the
surgical procedure, wherein the nozzle is positioned, during operation of the instrument, to
direct the liquid jet so as to contact tissue excised by the non-fluid jet tissue-cutting component
during a surgical procedure.

In another embodiment, the surgical instrument comprises: a nozzle that is shaped to
form a liquid jet; a pressure lumen configured and positioned to convey a flow of liquid to the
nozzle; an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receive at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the
jet-receiving opening; and a non-liquid jet, non-rotating tissue-cutting component constructed
and positioned to excise tissue during the surgical procedure.

In yet another embodiment, the surgical instrument comprises: a non-liquid jet tissue-
cutting component constructed and positioned to excise tissue during a surgical procedure; a
tissue receptacle configured and positioned to contain tissue excised by the tissue-cutting
component; a nozzle that is shaped to form a liquid jet and is positioned to direct the liquid jet

so that at least a portion of the liquid jet is contained within the receptacle, when the instrument
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is in operation; and a pressure lumen configured and positioned to convey a flow of liquid to
the nozzle.

In yet another embodiment, the surgical instrument comprises: a cup-shaped tissue
receptacle configured and positioned to contain tissue; a nozzle that is shaped to form a liquid
jet and is positioned to direct the liquid jet so that at least a portion of the liquid jet is contained
within the receptacle, when the instrument is in operation; and a pressure lumen configured
and positioned to convey a flow of liquid to the nozzle.

In yet another embodiment, the surgical instrument is a curette, a rongeur, a bone
punch, bone-cutting forceps, a morcellator, or a surgical micrograsper and comprises: anozzle
that is shaped to form a liquid jet; and a pressure lumen configured and positioned to convey a
flow of high-pressure liquid at a pressure of at least 1,000 psig to the nozzle.

In yet another embodiment, the surgical instrument is a curette device comprising: a
nozzle that is shaped to form a liquid jet and a pressure lumen configured and positioned to
convey a flow of liquid to the nozzle.

In yet another embodiment, the surgical instrument comprises: a distal end of the
instrument adapted to perform a surgical procedure on a patient and comprising a tissue
manipulating component configured and positioned to manipulate a tissue of the patient; a
proximal end of the instrument having at least a portion thereof configured to be grasped
and/or manipulated by an operator, said portion of the proximal end being operatively coupled
to the tissue manipulating component of the distal end to facilitate control and actuation of the
tissue manipulating component from a non-manipulating configuration to a manipulating
configuration by manipulation of said portion of the proximal end by the operator; a nozzle
that is shaped to form a liquid jet; and a pressure lumen configured and positioned to convey a
flow of liquid to the nozzle, wherein the nozzle is constructed positioned, during operation of
the instrument, to direct the liquid jet to fragment and/or disaggregate and/or cut of at least
some tissue manipulated by the manipulating component.

In yet another embodiment, the surgical instrument comprises: a distal end adapted to
perform a surgical procedure on a patient and a proximal end adapted to facilitate control of the
instrument by an operator; a rotatable tissue-contacting component constructed and arranged
for contact with tissue in a surgical operating field and located at the distal end; a nozzle that is
shaped to form a liquid jet; a pressure lumen configured and positioned to convey a flow of

liquid to the nozzle; a liquid jet-driven rotor configured and positioned with respect to the
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nozzle to be drivable in rotation by the liquid jet formed by the nozzle and operatively coupled
to the rotatable tissue-contacting component, when the instrument is in operation, such that
rotation of the liquid jet-driven rotor causes rotation of the rotatable tissue-contacting
component, wherein at least one of the rotatable tissue-contacting component and a distal-most
end of the surgical instrument is longitudinally movable relative to the other upon
manipulation of at least a portion of the proximal end of the instrument by the operator.

In another aspect of the invention, methods of performing a surgical procedure on a
patient are disclosed. In one embodiment, the method comprises: applying a surgical
instrument to a surgical site of the patient; excising a piece of tissue from the patient with a
non-liquid jet tissue-cutting component of the surgical instrument; and directing a liquid jet
associated with the surgical instrument towards the piece of tissue excised in the excising step
so that the liquid jet impacts the piece of tissue. ,

In another embodiment, the surgical method comprises: applying a surgical instrument
comprising a liquid jet to the spine of the patient; and excising tissue from the spine of the
patient with the surgical instrument.

In yet another embodiment, the surgical method comprises: applying a curette to a

surgical site of the patient; and creating a liquid jet associated with the curette.

Brief Description of the Drawings

The accompanying drawings are schematic and are not intended to be drawn to scale.
In the figures, each identical, or substantially similar component that is illustrated in various
figures is typically represented by a single numeral or notation. For purposes of clarity, not
every component is labeled in every figure, nor is every component of each embodiment of the
invention shown where illustration is not necessary to allow those of ordinary skill in the art to
understand the invention.

In the drawings:

Fig. 1 is a schematic perspective illustration of a conventional curette surgical
instrument;

Fig. 2 is a schematic perspective illustration of a surgical instrument comprising a
liquid jet-assisted curette, according to one embodiment of the invention;

Fig. 3 is an enlarged detail perspective view of the distal end of the liquid jet-assisted
curette of Fig. 2;
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Fig. 4 is a cross-sectional side view of the instrument of Fig. 3b taken along lines 4-4;

Fig. 5 is a cross-sectional side view similar to Fig. 4, except showing an alternative
embodiment for positioning the jet nozzle in the instrument;

Fig. 6 is an enlarged detail perspective view of the distal end of a liquid jet-assisted
curette similar to that illustrated in Fig. 2, except having a differently configured
cup/evacuation lumen/pressure lumen assembly;

Fig. 7 is an exploded perspective view of the distal end illustrated in Fig. 6;

Fig. 8 is an enlarged detail perspective view of the distal end of a liquid jet-assisted
curette similar to Fig. 6, showing another embodiment for configuring the curette cup and
evacuation lumen;

Fig. 9 is a cross-sectional side view of the distal end illustrated in Fig. 8 taken along
lines 9-9;

Fig. 10 is a cross-sectional side view of a distal end similar to that illustrated in Fig. 8,
except showing a first embodiment of providing for adjustment of the longitudinal position of
the nozzle and evacuation lumen opening with respect to the distal end of the cup;

Fig. 11 is a cross-sectional side view of a distal end similar to that illustrated in Fig. 8,
except showing a second embodiment of providing for adjustment of the longitudinal position
of the nozzle and evacuation lumen opening with respect to the distal end of the cup;

Fig. 12 is a schematic side elevational view of a conventional rongeur-type surgical
instrument;

Fig. 13 is a schematic side elevational view of liquid jet-assisted rongeur-type surgical
instrument according to one embodiment of the invention;

Fig. 14 is a partially broken away fragmentary view of the liquid jet-assisted rongeur-
type surgical instrument illustrated in Fig. 13;

Fig. 15 is a schematic side elevational view of liquid jet-assisted rongeur-type surgical
instrument according to another embodiment of the invention;

Fig. 16 is a partially broken away fragmentary view of the liquid jet-assisted rongeur-
type surgical instrument illustrated in Fig. 185;

Fig. 17 is a partially broken away fragmentary view of a liquid jet-assisted rongeur-
type surgical instrument similar to that illustrated in Fig. 15, except having an alternative
configuration for providing evacuation to a surgical site and liquid jet-driven rotor housing

chamber.
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Detailed Description

The surgical instruments provided according to certain embodiments of the invention

can take on many configurations, depending on the particular application and in the particular

surgical arena in which they are intended to be used. In one series of embodiments, surgical
instruments are disclosed that comprise a basic form and functionality similar to well-known
and well-accepted surgical handpiece instruments for tissue removal and/or manipulation,
except that they are configured to include one or more high pressure liquid jet components
configured to assist and/or enhance their traditional functionality and/or provide new
functionality.

As described in more detail below, in certain embodiments, the liquid jet-forming
compbnents provided according to the invention are configured with respect to the other
components of the inventive surgical instruments such that one or more high pressure liquid
jets formed by the instruments are positioned and configured to cut and/or fragment and/or
disaggregate and/or facilitate removal of excised tissue of a patient. In certain embodiments,
the liquid jet acts through direct contact with the tissue, while in other embodiments it acts
through utilization of the liquid jet to power other tissue-cutting or tissue-manipulating
components of the surgical instrument. In yet other embodiments, one or more liquid jets can
be provided, such that liquid jets of the instrument can act through both of the above-
mentioned modes of action.

In certain embodiments, the invention involves incorporating high pressure liquid jet-
forming components into surgical instruments designed for use in confined spaces surrounded
by delicate tissue; for example, the spine, joints, the nasal cavity, the throat, the skull, the male
and female urinary and reproductive tracts, etc. Also, as would be apparent to those skilled in
the art, the inventive features and functionality described below may be readily adapted, using
no more than routine skill and experimentation, for use in a wide variety of surgical
instruments specifically designed for surgery in the locations described immediately above,
and in other locations, which are not specifically called out, described, or illustrated in the
figures herein. Accordingly, the specific, exemplary instruments illustrated and described
herein incorporating the below-described inventive liquid jet components must be considered
to be merely a small subset of the multitude of configurations and other instruments which

would benefit from the inventive components and functionalities and which the skilled artisan
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would be able to adapt to include such components and functionalities using no more than
ordinary skill in the art. Accordingly, all such instruments and configurations, which are
within the scope of the appended claims, form part of the present invention, even if not
explicitly described herein.

In many embodiments, and for many applications, the inventive surgical instruments
can comprise a surgical handpiece with a body and/or handle designed to be gripped by the
hand of an operator during a surgical or medical procedure. In other embodiments, the
inventive surgical instrument could be configured to be operated by a robotic positioning
machine or other type of machine-based positioning/manipulation device. Such hand pieces
can be configured for use in open surgical procedures or, alternatively, can be configured in
use in laparoscopic- or endoscopic-type procedures. In yet other embodiments, rather than
being of the form of a hand piece-type instrument, surgical instruments of the invention could
take on other configurations known to those skilled in the art.

Surgical instruments described herein typically will typically include a “distal end” and
a “proximal end.” A “distal end” of a surgical instrument, as used herein, refers to that portion
of the instrument that is adapted to perform a surgical procedure on a patient. The “distal end”
typically includes such structure as a tissue-manipulating component configured and positioned
to manipulate a tissue of the patient, which in certain embodiments can comprise a tissue-
cutting component. In certain embodiments, a liquid jet-forming nozzle may also be provided
at the distal end of the surgical instrument, as illustrated and described in more detail below.
While the distal end is typically located at a position on the instrument farthest from the
operator during use, (i.e., a distal-most position), this need not always be the case.

The “proximal end” of the instrument refers to that portion of the instrument adapted to
be controllable by an operator of the instrument. For embodiments wherein the instrument
comprises a surgical handpiece, the proximal end typically will include a body and/or handle
configured and adapted to be grasped by the hand of an operator during use and which may, in
some embodiments, be operably coupled by mechanical, electrical, or other operative coupling,
to a tissue-manipulating/cutting component at the distal end of the instrument to facilitate
control and/or actuation of such component (e.g., from a non-manipulating configuration to a
manipulating configuration) upon manipulation of the handle/body by the operator.

Throughout the present discussion, the inventive surgical instruments are typically

referred to as including “liquid jet-” forming components or providing one or more “liquid
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jets.” It should be understood that, while, in certain embodiments use of liquids to form the
liquid jet is preferred, in alternative embodiments, surgical instruments according to the
invention could utilize fluids other than liquids, such as certain gasses. Accordingly, wherever
“liquid” or “liquid jet” is indicated, the terms “fluid” (encompassing both liquids and gasses)
and “fluid jet,” respectively, should also be inferred as being equivalent, unless otherwise
specified. In addition, the use of the term “high pressure” as descriptive of the liquid provided
by the instrument, in forming the liquid jets of certain embodiments of the surgical instruments
of the invention refers to the pressure of the liquid, at the position of the jet opening of a liquid
jet-forming nozzle of such instrument, being at least about 500 psig. In certain embodiments
of the inventive surgical instruments, the high-pressure liquid supplied to a liquid jet nozzle of
the instrument will have a pressure of at least 1,000 psig, in other embodiments at least 2,000
psig, in other embodiments at least 3000 psig, in other embodiments at least 5,000 psig, in
other embodiments at least 10,000 psig, in other embodiments at least 15,000 psig, in other
embodiments at least 30,000 psig, and in yet other embodiments up to about 50,000 psig, or
more. In certain embodiments the high-pressure liquid supplied to a liquid jet nozzle of the
instrument will have a pressure will have a pressure in the range of 2,000-15,000 psig, in other
embodiments between 5,000-10,000 psig, in yet other embodiments between 5,000-7,500 psig,
and in yet other embodiments between about 2,000 and 5,000 psig.

Certain embodiments of the inventive surgical instruments incorporating liquid jets are
advantageously configured to be utilized in surgical procedures, such as certain surgeries on
the spine, involving the excision and removal of tissue from patients in a surgical site
surrounded by delicate tissue. Accordingly, in certain such embodiments, the liquid jet
functionality provided according to the invention is configured and adapted to be utilized as
part of a surgical instrument having a configuration, shape, size and contour specifically
adapted for use in such applications. An incomplete list of surgical instruments that can be
adapted to include a liquid jet-forming component according to the invention, and which
constitutes an exemplary list of certain embodiments of surgical instruments provided
according to the invention, includes curettes, rongeurs, bone punches, bone-cutting forceps,
morcellators, and surgical graspers or micrograspers (such as certain clamps, forceps, etc.).
According to the invention, instruments in the form of those described above are constructed to
include a nozzle that is shaped to form a liquid jet, and a pressure lumen that is configured and

positioned to convey a flow of high pressure liquid to the nozzle. The form, construction, size
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and shape, contour, and other aspects of the design of the above-mentioned surgical
instruments, without inclusion of the above-mentioned inventive liquid jet-forming nozzle, are
well known in the art and are described in many textbooks of surgery, surgical catalogs, and
other sources; for example, the reader is referred to “The Orthopedic Sourcebook” published
by KMedic, and available for download at their web site: www.kmedic.com, for a description
and illustration of many such instruments. It is one feature of certain embodiments of the
present invention that, in the inventive surgical instruments provided with liquid jet-forming
components, the basic shape, sizé, contour, and basic functionality of such known, accepted,
and useful surgical instruments is maintained, while the performance, utility, efficiency, and
safety of the instruments can be enhanced through the inventive provision of such a liquid jet-
forming components.

In certain embodiments of the invention, the inventive surgical instruments are
provided with a liquid jet-forming nozzle, that is constructed and positioned within the
instrument so as to direct a liquid jet in such a manner that it fragments and/or disaggregates
and/or cuts some tissue manipulated by a tissue-manipulating component at the distal end of
the instrument, either through direct contact with the tissue or through indirect means, such as
by powering a tissue contacting component positioned at the distal end of the instrument. For
example, in certain embodiments, the liquid jet-forming nozzle may be positioned at the distal
end of the instrumenf so that it directs the liquid jet so as to impact, cut, and/or fragment and/or
disaggregate tissue acted upon by a tissue-manipulating component such as, for example, a
cutting blade, grinding burr, tissue punch, forceps, clamp, grasper, etc. In other embodiments,
the liquid jet-forming nozzle may be positioned within the instrument such that the liquid jet
formed by the nozzle does not contact tissue but, rather, is utilized as a source of force and
energy for powering a tissue cutting component at the distal end of the instrument. An
example of such an embodiment includes an instrument having a liquid jet-powered grinding
burr, drill, rotating cutting blade, etc. as part of its structure. (See, for example, Figs. 15-17,
described in more detail below). A “tissue manipulating component” as used in the above
context refers to any structure that is able to bring about a change in at least one physical
property of tissue by applying a physical or non-physical force (e.g., electrical energy,
electromagnetic radiation, etc.). Specific examples of tissue manipulating components that can
be utilized in some surgical instruments include components configured to cut, grasp, excise,

grind, puncture, or burn tissue in a surgical field.
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In one series of embodiments, surgical instruments, according to the invention, include
a tissue-manipulating component that comprises a non-liquid jet tissue-cutting component that
is constructed and positioned to excise tissue during a surgical procedure. Such instruments
are exemplified by, for example, sharpened cutting curettes, certain rongeurs, bone punches,
etc. A “non-liquid jet tissue-cutting component,” as used herein, refers to essentially any
component configured and provided for cutting tissue, other than by impacting the tissue with
a high pressure liquid jet. Examples include, but are not limited to, mechanical cutters such as
blades, piercing devices, scissors, punchers, grinders, shavers, etc., and non-mechanical tissue
cutters such as electrosurgical electrodes, lasers, etc. In certain such embodiments, the non-
liquid jet tissue-cutting component is stationery and in a fixed positional relationship to the
handle/body and the rest of the surgical instrument (e.g. as in typical curettes), while, in other
instruments, the non-liquid jet tissue-cutting component can be configured to be movable with
respect to the body/handle or some other portion of the instrument (e.g. as in certain rongeurs,
bone punches, etc.). In certain such embodiments, the non-liquid jet tissue-cutting component
will be longitudinally moveable within the instrument (e.g. movable in a sliding fashion along
an axis parallel to a longitudinal axis of the distal end of the instrument), but will be configured
to “non-rotatable” or “non-rotating,” (i.e. will not be able to rotate 360 degrees or more about
its own longitudinal axis).

In certain of the above-described surgical instruments, the nozzle of the instrument will
be positioned, at least during operation of the instrument, to direct a liquid jet formed by the
nozzle so that it contacts tissue excised by a non-liquid jet tissue-cutting component of the
instrument during the surgical procedure. Such contact by the liquid jet can, in certain
embodiments, do either or both of enhance the cutting action of the non-liquid jet tissue-cutting
component and facilitate disaggregation of tissue excised by the non-liquid jet tissue-cutting
component. In addition, as described below in further detail, for certain embodiments of the
inventive surgical instruments, which include an optional evacuation lumen configured for
removing tissue and debris, the liquid jet can be positioned so that a jet-receiving opening of
the evacuation lumen is locatable opposite the nozzle so that it is positioned to receive at least
a portion of the liquid jet, and preferably essentially the entire liquid jet, that is emitted from
the nozzle when the instrument is in operation. In such embodiments, the liquid jet can be
used to advantageously facilitate and/or assist in removal of both liquid and tissue/debris from

the operative site, without the need for removing the entire instrument from the operative site.
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As mentioned above, in certain embodiments of the surgical instruments provided
according to the invention, a liquid jet-forming nozzle is positioned within the instrument to
enable the liquid jet to contact tissue excised or otherwise manipulated by a tissue-
manipulating component at the distal end of the instrument. In certain such embodiments, the
surgical instruments may also include, at the distal end, a tissue receptacle that is configured
and positioned to contain tissue manipulated or excised by the tissue-manipulating component.
In such embodiments, the nozzle of the instrument can be positioned to form a liquid jet having
at least a portion thereof that is contained within the receptacle, when the instrument is in
operation. Accordingly, the liquid jet can serve to cut, fragment, and/or disaggregate, and/or
facilitate removal of tissue excised and contained in the receptacle in certain such instruments.
A “tissue receptacle” as used in the above context refers to any structure that is able to contain,
surround, and/or immobilize tissue. In certain embodiments, a tissue receptacle may be cup-
shaped, such as is the case in many curette-type instruments. In other embodiments, the tissue
receptacle may be in the shape of a conduit (i.e. conduit-shaped), such as may be the case for
surgical instruments such as certain rongeurs and bone punches, wherein the tissue receptacle
can comprise a distal cutting end of a sliding tube (See e.g. Figs.13 and 14). “Conduit-
shaped,” as used herein within the context of describing the configuration of certain tissue
receptacles, refers to such receptacles being in the shape of a tube, duct, or channel, which is
able to permit fluid to flow along and through at least a portion of a lumen of the receptacle.

It should be clear from the above general discussion of the attributes of various surgical
instruments within the scope of the present invention that an extremely wide variety of
instruments can be readily provided with the inventive functionality and components described
herein, and that it is not feasible to illustrate and describe in detail every possible example of
such instruments. Accordingly, solely for the purpose of illustrating various features and
properties of the inventive surgical instruments and to provide guidance to those skilled in the
art as to how to construct and configure instruments provided according to the invention,
reference will be made to two particular types of instruments, which are illustrated and
described in detail below. Specifically, as mentioned in the background section, curette-type
instruments are representative of a class of surgical instruments having a tissue
manipulating/cutting component that is stationary with respect to the rest of the instrument, and
a spinal rongeur/bone punch of the Kerrison handle type exemplify instruments including

tissue manipulating/cutting components that are movable with respect to some part/component
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of the instrument and which are able to be actuated by an operator via manipulation of a handle
or other component at the proximal end of the instrument.

At the outset, it should be noted that a detailed treatment and discussion of a wide
variety of design parameters, configurations, materials of construction, and other aspects of the
design, fabrication, and construction of liquid jet surgical instruments are provided in
commonly owned U.S. Patent Numbers 5,944,686; 6,375,635; and 6,511,493; and in U.S.
Patent Application Publication Numbers 2003/0083681 Al and 2003/0125660 A1, each of
which is incorporated herein by reference. The reader is referred to these issued patents and
patent pul,)lications for detailed description of and guidance as to the construction and design of
certain embodiments of the liquid jet components of the instruments described herein. For
example, U.S. Patent Number 6,375,635 describes in detail design considerations related to the
configuration and sizing of the nozzle, evacuation lumen, liquid jet length and dispersion,
materials of construction, liquid pressures for operation, etc. for liquid jets configured to
directly contact, cut and/or fragment and/or disaggregate tissue and facilitate removal of tissue
through an evacuation lumen. U.S. Patent Number 6,511,493 and U.S. Patent Application
Publication Number 2003/0125660 A1 describe in detail configurations and design
considerations for constructing liquid jet impact-driven rotors for powering rotational
elements, such as grinding burrs, drills, etc. in surgical instruments. Accordingly, while certain
specific design parameters are called out and discussed in more detail below, others that may
not specifically mentioned or discussed are discussed in detail in one or more of the above-
referenced U.S. Patents or Patent Publications. Such parameters, configurations and design
considerations disclosed in these references can be, in many cases, applicable to and useful for
practicing many aspects of the current invention.

‘Regarding the overall shape, size, configuration, and structure of the surgical
instruments described herein - other than the components specifically utilized for providing the
liquid jet functionality - these are preferably made to be the same as, or approximating as
closely as possible, those of typical, conventional surgical instruments of the same or similar
type. Configuration, size, geometry, etc. of such instruments vary widely depending on their
particular application, and typically a wide variety of each type of instrument is commercially
available. For a description of the configuration and features of such traditional instruments,
which design and configuration is preferably duplicated or approximated in the inventive

instruments, the reader is referred to the above-referenced “Orthopedic Sourcebook.”
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Reference is now made to Figs. 1-5 illustrating both a conventional curette surgical
device (Fig. 1) and one embodiment of a liquid jet-assisted surgical curette according to the
invention. Referring to the prior art curette device illustrated in Fig. 1, curette 100 includes a
proximal end including a handle 102, an elongated neck region 104, and distal end including a
tissue-manipulating component 106. In the illustrated embodiment, tissue manipulating
component 106 comprises a cup-shaped tissue receptacle. In other embodiments, not shown,
the tissue manipulating component at the distal end of the curette may not be cup- or scoop-
shaped, as illustrated, but rather could take many other forms. For example, in certain
embodiments, component 106 could be ring-shaped. As mentioned previously, a wide variety
of curette instruments including a wide variety of differently configured and shaped tissue
cutting or tissue manipulating components useful for different purposes and in different
surgical procedures are known in the art.

Cup-shaped tissue receptacle 106 typically will have a sharpened peripheral rim 108
comprising a tissue-cutting component, which can be used to scrape, cut, and/or excise tissue
with the instrument. The angle 109 formed between the longitudinal axis 110 of cup 106 and
longitudinal axis 112 of the proximal portion of neck 104 and handle 102 can vary over a wide
range for different instruments. For example, in certain embodiments, angle 109 could
potentially vary within the range from about 0 degrees to about 90 degrees. As illustrated,
angle 109 is about 30 degrees.

The width 111 and length 113 of cup 106, and the depth and shape of the receptacle
formed by depression 114 of cup 106, can also vary over a wide range depending on the
particular instrument and application. For certain typical instruments, width 111 and length
113 of cup 106, and the depth of the receptacle formed by depression 114 of cup 106 is within
the range of a few millimeters, for example between about 2-8 millimeters. As illustrated, the
shape of cup 106 is somewhat oval having a length 113 exceeding width 111. However, in
other embodiments, the shape may be round, square, or a variety of other shapes, as would be
apparent to those skilled in the art. In use, the surgeon would insert cup 106 into a surgical
operating space and scrape, cut, and/or excise tissue within the space so that it is contained
within depression 114. After excising tissue, the surgeon would be required to remove the
curette from the operating space to remove the excised tissue contained within depression 114

and then reinsert the instrument into the operating field to harvest another piece of tissue.
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Figs. 2-4 illustrate one embodiment of a surgical instrument according to the invention
comprising a liquid jet-assisted surgical curette 200. Liquid jet curette 200 is similar in overall
configuration and size to curette 100. Liquid jet curette 200 can include, at its proximal end, a
handle 202 and, at its distal end, a cup-shaped tissue manipulating component 206. As is
shown more clearly in Figs. 3 and 4, the distal end of curette 200 can also include a nozzle 208
positioned within cup 206 and shaped to form a liquid jet 210. As is shown in Fig. 4 and as is
discussed in greater detail below, nozzle 208 can be positioned within cup 206 so as to direct
liquid jet 210 so that it contacts tissue that is partially contained within cup 206 during
operation. In the illustrated embodiment, the curette cup is oval having a length 113 exceeding
its width 111, and is sized to fit within the disc space of the vertebra, while allowing the long
side of cup edge 108 to efficiently scrape the vertebral end plates. Instrument 200 further
includes a high-pressure lumen 214 that is configured and positioned to convey a flow of high
pressure liquid to nozzle 208. In the illustrated embodiment, pressure lumen 214, over most of
its length, is located external to neck 204 and cup 206 portions of the instrument. Pressure
lumen 214 can enter cup 206 through hole 216 therein, such that nozzle 208 is positioned
within tissue receptacle 114 formed by cup 206. In certain such embodiments, pressure lumen
214 can be attached to neck 204 and/or cup 206, e.g. via welding, brazing, clamping, etc., to
secure the pressure lumen in place and prevent deflection thereof during use. However, this
configuration is purely optional and, for example as illustrated in Figs. 6-11, various other
configurations for positioning and securing the pressure lumen within the instrument can be
utilized, as would be apparent to those skilled in the art.

In certain embodiments, the high pressure liquid conveyed by pressure lumen 214 and
utilized to form liquid jet 210 with nozzle 208 will comprise a saline solution or other
physiologically compatible liquid. Pressure lumen 214, at the proximal end of instrument 200,
can be contained within handle 202 and can be in fluid communication with high pressure
supply line 220 supplying a source of high pressure liquid.

It should be noted that in the embodiment illustrated, the distal end of pressure lumen
214 includes a hole therethrough comprising nozzle 208. Such a hole can be formed, for
example, by drilling or etching. It should be noted that the illustrated configuration of a hole in
the distal end of high pressure lumen 214 forming the nozzle 208 is merely exemplary, and that

a wide variety of other techniques for forming the nozzle can be utilized. A number of such
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techniques and exemplary nozzles formed thereby, which can be used in certain embodiments
of the present invention, are described in commonly-owned U.S. Patent Number 6,375,635.

In general, the nozzles of the inventive surgical instruments can be formed in the high
pressure lumen by any means known to those of ordinary skill in the art. The diameter and
shape of the jet opening 222 of the nozzle 208 is selected and determined based upon the
desired cross-sectional diameter of the liquid jet formed by the instrument and can vary
depending upon the particular applications and uses of the instrument. In certain typical
embodiments, the diameter of the jet opening of the nozzle can vary within a range of from
about 0.001 inch to about 0.01 inch. In one particular embodiment, the diameter of jet opening
222 of nozzle 208 is about 0.005 inch.

As discussed in commonly owned U.S. Patent Number 6,375,635, another
consideration when forming the nozzle concerns the ratio of the minimum diameter of the
nozzle to the total length of the nozzle having such minimum diameter as measured along the
center line of the nozzle (the “nozzle length” or “characteristic length of the nozzle”). In
general, the greater is the ratio of this characteristic length of the nozzle to the minimum
diameter of the nozzle, the greater is the degree of coherence of the jet formed by the nozzle
and the lesser is the degree of dispersion of the jet with distance from the jet opening of the
nozzle, but also the greater is the pressure drop across the nozzle. As explained in detail in the
above-referenced U.S. Patent Number 6,375,635, the selection of the nozzle length to diameter
ratio and of the degree of the coherence of the liquid jet depend upon factors such as the total
length of the liquid jet and the size of an inlet opening or minimum diameter opening of the
evacuation lumen, when an evacuation lumen is provided, and whether the instrument is
configured to be used in a surrounding air environment or submersed in a liquid environment.
The reader is referred to the above-referenced commonly owned U.S. Patent Number
6,375,635 for guidance and direction in selecting these and other parameters related to the
performance of the liquid jet components provided by the inventive surgical instrument.
Certain nozzles provided in the instruments of the invention can have a characteristic ratio of
nozzle length to minimum jet opening diameter of from between about 1:1 to about 10:1. In
one exemplary embodiment, wherein the instrument is designed for use in a surrounding
gaseous environment, the nozzle has a characteristic ratio of nozzle length to minimum jet

opening diameter of about 3:1.
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As is shown most clearly in Figs. 3 and 4, nozzle 208 formed in pressure lumen 214
can be configured to emit a jet of liquid into cup 206 of curette device 200. High pressure jet
210 can create an entrainment region 224 (dotted lines) of rapidly moving liquid spray as it
disperses along its length. The jet can be directed to pass through at least a portion of the cup
and enters a jet receiving opening 226 of an optional evacuation lumen 228, which, in the
illustrated embodiment, comprises a hollow neck portion 204 of the instrument. Evacuation
lumen 228 can be shaped and positioned such that jet receiving opening 226 is located opposite
the nozzle and sized so as to receive at least a portion of the liquid jet emitted from the nozzle.
It is preferably further configured and positioned within the instrument to convey a flow of
liquid away from the jet receiving opening toward the proximal end of the instrument.

As is discussed in detail in commonly owned US Patent Number 6,375,635, the cross-
sectional diameter of the jet receiving olﬁening can be selected to enable it to be large enough
to receive essentially all of the liquid comprising the liquid jet (i.e. at least as large as the
diameter of the entrainment region 224 at its point of entry into the evacuation lumen). This
can prevent “blow by” and misdirection of the liquid in the entrainment region. In certain
embodiments, the evacuation lumen can be sized, configured, and positioned with respect to
the nozzle so as to enable fluid and debris entrained by the liquid jet to be evacuated through
the evacuation lumen and away from the surgical site without the need to apply an external
source of suction, such as a vacuum pump, in fluid communication with evacuation lumen 228.
Design considerations enabling such operation are discussed in detail in the above-referenced
U.S. Patent Number 6,375,635.

Evacuation lumen 228, in this illustrated, exemplary embodiment, comprises a hollow
neck portion 204 of the instrument. However, in alternative embodiments, an evacuation
lumen could comprise a separate tube affixed to a solid neck portion of a handle, for example
neck portion 104 of instrument 100. In such an alternative embodiment, it can be possible to
take a conventional, non-liquid jet curette that is commercially available from a variety of
sources, and simply modify this curette by attachment of a pressure lumen and nozzle
configuration, as illustrated in Fig. 2, and a separate evacuation lumen. Such an alternative
embodiment could also be configured so that the pressure lumen /nozzle combination and/or
the evacuation lumen could be separable from the rest of the instrument and disposable after a

single use, while the remainder of the instrument could be sterilized and reused.
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Certain exemplary embodiments of an illustrated curette instrument 200 (including a
nozzle 208 having a ratio of length to minimum diameter of 3:1 as previously described and
operable in an air environment and able to evacuate liquid and debris through evacuation
lumen 228 and evacuation tube 230 connected thereto within body 202 of the instrument) has
the following design parameters: the pressure of the liquid supplied to the nozzle is between
about 5,000 psig and about 15,000 psig; the pressure lumen comprises a stainless steel
hypotube having an outer diameter of about 0.045 inch and an inner diameter of about 0.020
inch; the evacuation lumen has smallest diameter opening (which can be a necked region of a
constriction in certain embodiments or the jet receiving opening in other embodiments) with a
diameter of between about 0.010 inch and about 0.25 inch, in certain particular embodiments
between about 0.015 inch and about 0.15 inch, (and in one particular embodiment about 0.118
inch — the inner diameter of the evacuation lumen proximal the minimum diameter opening
and the inner diameter of evacuation tubing 230 being somewhat larger than the inner diameter
of the minimum diameter opening); and the jet length (i.e. the distance between nozzle opening
222 and jet receiving opening 226) is between about 1.5 and about 6 millimeters (and in one
particular embodiment between about 3-3.4 millimeters).

Referring now to Fig. 4, nozzle 208 can be positioned within cup 206 such that the
nozzle is located roughly in the center of the cup. As shown in the alternative embodiment of
Fig. 5, the relative position of nozzle 208 within cup 206 can be varied. In certain
embodiments, the nozzle may be positioned more distally within the cup. In certain
embodiments, the nozzle is closer to rim 108 (as shown in Fig. 5). Alternatively, the nozzle is
positioned more proximally and, in certain embodiments, closer to the jet-receiving opening
226 of evacuation lumen 228 (Fig. 4). The relative positioning of the jet nozzle within the cup
can affect the way in which the liquid jet interacts with tissue within the surgical operating
field. In certain preferred embodiments, it is desirable that the jet nozzle be oriented such that
the liquid jet is directed so that a central axis of the liquid jet 232 is co-axial with the
longitudinal axis 234 of at least a distal portion of evacuation lumen 228, when present. It has
been found, in t1'1e context of this invention, that such an alignment can reduce the level of
misting during operation of the liquid jet curette device in a surrounding air environment.

In certain embodiments, nozzle opening 222 can be positioned within curette cup 206
so that the separation distance between nozzle opening 222 and jet receiving opening 226 —

defining a corresponding liquid jet length - is not too large. Otherwise, the jet can tend to



10

15

20

25

30

WO 2004/037095 PCT/US2003/034174

-20-

become blocked by excess tissue in receptacle 114 positioned proximal the nozzle, which can
cause clogging of the evacuation tube. By contrast, if the separation distance and jet length is
too small, excessive build-up of tissue within receptacle 114 of cup 206 distal the nozzle can
occur, which can also lead to clogging of the evacuation lumen. It has been found, for certain
embodiments of curette instruments having a cup-shape tissue-cutting component, that
examples of a separation distance between jet opening 222 and jet-receiving opening 226, can
include between about 1.5 millimeters and about 6 millimeters, between about 2 millimeters
and about 4 millimeters and between about 3 millimeters and about 3.5 millimeters.

For embodiments wherein the nozzle is positioned deeper within the cup of the curette,
for example as shown in Fig. 4, most of the excision of tissue 236 occurs via cutting or
scraping action of rim 108 of cup 206, and the primary role of liquid jet 210 is to fragment
and/or disaggregate tissue within receptacle 114 of cup 206 and drive evacuation of, or assist in
evacuation of, tissue from the surgical site through evacuation lumen 228. By contrast, when
nozzle 208 is positioned closer to rim 108 of cup 206, as illustrated in Fig. 5, liquid jet 210
may itself excise tissue 236 from the patient, or may assist in the excision of the tissue, by
directly contacting the tissue while it is still attached to the patient (as shown in Fig. 5).

In operation, a device as illustrated in Figs. 2-5 can be used by a surgeon in the same or
a similar manner as a traditional curette. Grasping the inventive device by handle 202, the
surgeon can apply cup 206 to a surgical site of the patient, for example by dragging the curette
across a tissue of the patient, using edge 108 of cup 206 (which can be sharpened to form a
cutting blade) to excise a piece of tissue from the surgical site. The excised tissue will tend to
collect in receptacle 114 of curette cup 206. Liquid jet 210 can be continuously on during the
operation, or, the hand piece 200 or another component of the fluid delivery system may be
provided with an on-off switch or other control mechanism to enable the surgeon to turn the jet
off and on during operation of the instrument.

In one mode of operation, as tissue is removed from the site, or after tissue accumulates
in the cup, the jet is activated creating a liquid jet 210 originating from nozzle 208 and directed
into jet receiving opening 226, with a corresponding entrainment region 224 of jet fluid and
fluid/debris entrained by the jet. The impact of liquid jet 210 and liquid within entrainment
region 224 on tissue within cup 206 can bring about fragmentation and/or disaggregation of
tissue contained within the cup. The impact forces created by the high pressure liquid jet can

at least partially fragment and/or disaggregate the excised tissue and entrained tissue debris.
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The force and momentum of the liquid jet can also, in certain embodiments, facilitate removal
from the surgical site of at least a portion of the piece of tissue excised with the instrument by
forcing the tissue debris and fluid proximally through evacuation lumen 228 and away from the
surgical site. In certain embodiments, evacuation can be assisted via connecting a source of
external suction, for example a vacuum pump, in fluid communication with evacuation lumen
228. However, in certain configurations, the instrument may be configured, as described
above and/or in U.S. Patent Number 6,675,635, to enable evacuation of the liquid comprising
the liquid jet and tissue debris, without the need for an external source of suction.

In addition, in certain configurations, the action of the liquid jet can create a localized
vacuum effect as the jet and entrained fluid flows through receptacle 114 and evacuation lumen
228. Such vacuum effect can further serve to assist in removing tissue from the operating site
through the evacuation tube. Such a vacuum effect can also serve to draw rim 108 of cup 206
into apposition to the tissue being cut. In certain embodiments, especially those wherein the
nozzle is located in close proximity to rim 108 (e.g. as illustrated in Fig. 5) such vacuum effect
can serve to draw tissue within cup 206 so that liquid jet 210 can contact the tissue within the
surgical site directly, so as to enable the jet itself to cut and excise tissue. In certain such
embodiments, rim 108 of cup 206 need not be sharpened so that it is able to cut tissue. Instead,
in such embodiments, the rim and cup can serve only to provide a means for facilitating
controlled depth and area cutting by the liquid jet itself. In such embodiments, the liquid jet
can serve both to cut and fragment and/or disaggregate the tissue, simultaneously, while also
facilitating the removal of the tissue from the operative site through the evacuation lumen. A
detailed description of the effect of nozzle positioning in creating a localized vacuum effect
tending to draw tissue into a receptacle placed in contact with tissue, and design parameters for
creating and controlling such effect, can be found in commonly-owned U.S. Patent Publication
No. 2003/0125660.

A significant advantage provided by liquid jet-assisted device 200, as compared to
conventional curettes such as device 100, is that the surgeon, after excising a first piece of
tissue with the device, need not remove the device from the surgical site to remove this tissue
from the curette cup. Instead, as discussed above, the action of the liquid jet can facilitate the
removal of the piece of tissue from the surgical site and/or disaggregation of the tissue in situ,
so that the surgeon may then excise additional pieces of tissue from the patient with the device

in a similar fashion without the necessity for removing the device from the patient. As
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discussed above, this functionality, provided by the present invention, is especially important
for surgical procedures performed in delicate, challenging environments, such as, for example
the spine of a patient.

Figs. 6 and 7 illustrate an alternative embodiment for constructing liquid jet-assisted
curette device 200 according to the invention. Because the proximal end can be substantially
similar to that illustrated previously in Fig. 2, only a portion of the neck/shaft 204 and distal
end is illustrated. In the illustrated embodiment, evacuation lumen 602 and high pressure
lumen 604 are separable from, and configured to be contained and immobilized within, a
curette cup-providing sleeve component 606. Sleeve component 606 can, in certain
embodiments, extend proximally only partially along shaft 204, and not all the way to the
handle (not shown). In such embodiments, component 606 can be rigidly attached to the
pressure and evacuation lumen, e.g. by welding, brazing, or some other means of rigid
attachment. In such embodiments, the support for component 606 is provided by shaft 204. In
alternative embodiments, component 606 can extend proximally all the way to the handle (not
shown) and be rigidly attached to the handle or have a proximal end comprising part of the
handle structure itself. In such embodiments, it may not be necessary for the evacuation lumen
and/or the pressure lumen to be rigidly attached to and immobilized with respect to component
606. In fact, in certain such embodiments, as discussed below in the context of Figs. 10 and
11, one or both lumens may be longitudinally movable with respect to component 606 and/or
each other to adjust the position of the nozzle and/or evacuation lumen with respect to
component 606.

Component 606 can include, at its distal end, a curette cup 608, which can be similar in
shape and size to cup 206. Component 606 can be shaped and configured to include
longitudinally oriented channels 610 and 612 therein that have a shape and size complimentary
to evacuation lumen 602 and high pressure lumen 604, respectively. Component 606 can be
configured to be clamped or be otherwise affixed to the evacuation lumen and high pressure
lumen during operation. In operation, a nozzle 614, which can comprise a hole in the side wall
of high pressure lumen 604, can be configured and positioned to emit a liquid jet 210 creating
an entrainment region 224 that at least partially fills jet receiving opening 616 of evacuation
lumen 602, during operation. As described in detail in commonly owned U.S. Patent Number

6,375,635, such substantial filling of the jet-receiving opening by the entrainment region
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created by the jet can enhance performance of the device and evacuation of fluid and debris
through the evacuation lumen.

As illustrated most clearly in Fig. 7, surgical instrument 200 as configured in Figs. 6 —
11 can be constructed by combining two sub-assemblies; sub-assembly 618 comprising a
combination of evacuation lumen 602 and high pressure lumen 604, and sub-assembly 620
comprising distal component 606 that includes distally positioned curette cup 608. As
mentioned above, depressions 610 and 612 in component 606 are shaped and sized to
accommodate the profiles of the evacuation lumen 602 and high pressure lumen 604, when the
device is assembled in an operable configuration. In certain embodiments, an operative device
can be assembled by sliding, or otherwise inserting, sub-assembly 61"8 into a proximal opening
622 of assembly 620 then, in certain embodiments, the two sub-assemblies can be affixed
together by any suitable means, including, but not limited to, means such as adhesives,
braising, welding, clips, detents, shrink wrapping, etc., as would be apparent to those of
ordinary skill in the art. In certain embodiments, in order to facilitate positioning and
assembly, high pressure lumen 604 of sub-assembly 618 can, optionally, be affixed to
evacuation lumen 602, by any of the affixing means recited above, or any others apparent to
those of ordinary skill in the art, prior to insertion of sub-assembly 618 into sub-assembly 620.
While the above embodiments illustrate some of the many ways of configuring and assembling
a liquid jet-assisted curette device provided by the invention, it should be apparent that they are
merely exemplary and far from exhaustive of the many possible configurations and techniques
for assembling a device within the scope of the present invention.

Figs. 8 and 9 illustrate another embodiment for configuring a distal end portion of
curette 200 utilizing a liquid jet according to the invention. The distal end 800 is substantially
similar in construction and design to that previously described in Figs. 6 and 7. The major
differences are that in distal component 801, the peripheral rim of curette cup 803 comprises a
plurality of claws 802 or serrations instead of being an essentially continuous sharpened edge,
as was the case for rim 108 of curette cup 608. In addition, evacuation lumen 805 includes
therein a necked-down region é04, the purpose and function of which are explained in more
detail below and in commonly owned, U.S. Patent Number 6,375,635.

Serrated teeth 802, when utilized for cutting or scraping tissue in a surgical operating
field, tend to produce smaller pieces of tissue than a curette having a continuous peripheral rim

providing a cutting edge. For certain embodiments, especially when the curette is utilized to



10

15

20

25

30

WO 2004/037095 PCT/US2003/034174

4.

scrape or cut hard tissues, such as cartilage and/or bone, reducing the size of pieces of tissue
within cup 803 produced by cutting or scraping with the curette can reduce clogging of the
evacuation lumen by large chunks of hard tissue or bone not fully fragmented and/or
disaggregated by the liquid jet. In addition, when the cutting edges of cup 803 are brought into
contact with tissue, the open spaces 806 between teeth 802 can serve, to provide venting to
reduce the liquid jet-generated suction effect attending to draw tissue into the tissue receptacle
portion 807 of the curette cup (See commonly-owned U.S. Patent Publication No.
2003/0125660 A1 for more detail on venting) and can improve liquid jet-driven evacuation
from the device through an evacuation lumen, when provided.

Constriction or pinch 804 of evacuation lumen 805 is able, in certain embodiments, to
enhance the degree of fragmentation and/or disaggregation of tissue and debris with the liquid
jet, reduce tissue clogging, and to enhance the degree of suction at jet-receiving opening 616
created by passage of the liquid jet and entrainment region through evacuation lumen 805. As
explained in more detail in commonly owned U.S. Patent Number 6,375,635, fragmentation
and/or disaggregation can be enhanced by constriction 804 by the provision of a constricting
region 808 providing liquid jet contacting surfaces 810 and a region 812, upstream of the
constriction, in which turbulent high sheer flow is present. For embodiments such as
illustrated in Figs. 8 and 9 including a constriction 804, the minimum diameter of the
constriction at point 814 can be between about 25-99%, and in certain embodiments between
about 75-80%, of the internal diameter of the evacuiation lumen region 812 upstream of the
constriction.

The degree of suction at liquid jet-receiving 616 and the efficiency of liquid jet-driven
evacuation can be enhanced by the expansion in diameter occurring from the minimum
diameter portion 814 of the constriction to the diameter of the evacuation lumen 805
downstream of the constriction. In certain preferred embodiments, the inner diameter of
evacuation lumen 805 downstream of constriction 804 is somewhat larger than the diameter of
the evacuation lumen upstream of the constriction. Such expansion in diameter can act as a
diffuser enhancing suction as the liquid passes through the evacuation lumen. In other
embodiments of the inventive surgical instruments not including a constriction such as 814
providing a downstream expansion, it is preferred, in certain embodiments, to provide
somewhere within the evacuation lumen, or the evacuation plumbing downstream of the

evacuation lumen, an expansion in diameter providing a diffuser element bringing about the



10

15

20

25

30

WO 2004/037095 PCT/US2003/034174

-25-

above-described enhanced suction effect. In certain embodiments, such a diffuser may be
provided by simply expanding the internal diameter of the evacuation lumen at some point
along its length downstream of constriction 814. In another embodiment in which constriction
814 is not present, a diffuser may be effected by, for example, making the jet-receiving
opening inner diameter smaller than the inner diameter of the evacuation lumen at any point
downstream of the jet-receiving opening. In the above and/or other embodiments, an
expansion can be provided by interconnecting the evacuation lumen, for example within
handle 202 as illustrated in Fig. 2, to an evacuation tube 230 having a larger internal diameter
than the evacuation lumen. An exemplary expansion of the evacuation line provided at an
interconnection between the evacuation lumeﬁ, for example evacuation lumen 204 of device
200, and an evacuation tube, for example evacuation tube 230, could be provided by
interconnecting the exemplary evacuation lumen mentioned previously, having an internal
diameter of about 0.118 inch, with evacuation tubing comprising, for example, flexible plastic
tubing having an internal diameter ranging between about 0.15 inch and about 0.25 inch.

Figs. 10 and 11 illustrate yet another alternative embodiment for configuring liquid jet-
assisted curette instrument 200, which is substantially similar to the configuration described in
the context of Figs. 8 and 9 above, except that the longitudinal position of evacuation lumen
805 and/or nozzle 614 of high pressure lumen 604 is adjustable with respect to sleeve
component 1002 and curette cup 803. As described above, the relative position of the nozzle
within the curette cup and the degree of clearance in the curette cup distal to the position of
nozzle, in which tissue not subjected to the liquid jet and can accumulate, can affect the
performance and tissue removal efficiency of the instrument. In many cases, optimal
positioning of the nozzle within the curette cup may vary depending upon the particular type of
tissue being excised and the geometry and configuration of the surgical site. In some
instances, optimal positioning can change during a particular procedure, such that a desired or
optimal position of the nozzle and/or evacuation lumen jet-receiving opening 616 with respect
to the distal-most end of the curette cup may change during the procedure.

* Fig. 10 illustrates an embodiment wherein sleeve component 1002 including curette
cup 803 at its distal end is longitudinally moveable in the direction of arrows 1004, so that the
distance 1006, defining the clearance within cup 803 distal of nozzle 614, is adjustable while
maintaining a separation distance 1008 defining the liquid jet length. By contrast, in the

configuration illustrated in Fig. 11, the position of sleeve component 1002 is fixed with respect
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to the body/handle of the instrument, and at least one of evacuation lumen 805 and high
pressure lumen 604 is moveable with respect to sleeve 1002. Thus, by adjusting the
longitudinal position of one or both of evacuation lumen 805 and high pressure lumen 604, an
operator of the instrument can adjust one or both of distances 1006 and 1008. In certain
embodiments, the configurations illustrated in Figs. 10 and 11 could include a proximal end
including a mechanism for facilitating the control and relative positioning of the longitudinally
moveable elements by an operator of the instrument. A wide variety of suitable mechanisms
for actuating such longitudinal movement would be readily apparent to those of ordinary skill
of the art and could, for example, comprise a mechanism similar to that disclosed below in the
context of the inventive rongéur—type instruments (see Figs. 13 and 14). Additionally, a
variety of mechanisms for facilitating longitudinal adjustment of the position of a pressure
lumen and/or evacuation lumen of a liquid jet device are described in commonly-owned U.S.
Patent Nos. 5,944,686 and 6, 375,635.

The inventive liquid jet-assisted curettes, in certain embodiments, may be suitable for
many of the functions now performed by conventional curettes. One use that is suitable for
certain embodiments of the inventive curettes is surgery on the spine of a patient, for example
removal of the disc nucleus, or scraping cartilage from bones to stimulate spinal fusion. In
addition, certain embodiments can be used more generally for tissue resection and/or removal,
particularly of soft tissue. Removal of tumors, necrotic soft tissues, fibroids, cysts, and entire
organs or portions thereof can be effected with certain embodiments of the inventive curette
devices. In addition, the inventive curette may be configured to provide one or both poles of
an electrocautery system, for example as described in more detail in commonly owned U.S.
Patent Number 6,451,017, incorporated herein by reference.

Described below, in the context of several embodiments of fluid jet-assisted rongeur-
type instruments, are surgical instruments provided according to the invention that include a
user-actuated tissue-manipulating component at their distal ends. As described above, such
instruments, as illustrated and described in more detail below, typically include a proximal end
having at least a portion thereof configured to be grasped and/or manipulated by an operator.
The proximal end, or a portion thereof, is operatively coupled to the tissue-manipulating
component of the distal end to facilitate control and actuation of the tissue-manipulating
component from a non-manipulating configuration to a manipulating configuration by

manipulation of the proximal end of the instrument.
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For example, in a rongeur, bone punch, or forceps instrument, the proximal end of the
instrument may include a scissors-like handle configuration which, upon squeezing, opens,
closes, or otherwise moves a component of the distal end of the instrument to effect tissue
cutting, gripping, retracting, etc. As mentioned above, a wide variety of such instruments are
known in the art and can potentially be configured for use with a liquid jet, according to the
invention, to improve their performance or facilitate new functionality.

In the specific examples below, the embodiment of a Kerrison-style rongeur with a
longitudinally-slideable tissue gripping and/or cutting component is illustrated and discussed.
The below-illustrated and described instruments including slideable cutting elements for
excising tissue, especially hard tissue such as cartilage and bone, are often referred to as
rongeur punches or bone punches. While a particular configuration is exemplified in the
illustrations below, it should be understood that similar instruments providing similar or
identical functionality may have a wide variety of shapes and sizes for use in particular
surgical procedures, as well as for different actuation (i.e. opening/closing) schemes. In
addition, when such instruments have moveable components, such as moveable jaws, cutters,
etc., the instruments may be configured with any of a wide variety of different mechanisms
configured to maintain the jaws of the instrument in a normally-open, normally-closed, or
partially-opened configuration. In addition, as described in more detail below, these
instruments, and indeed any instruments provided according to the invention described herein,
may be supplied as part of a kit in which the instruments are entirely or partially disposable.

Unless otherwise noted, the configurations, dimensions, and design considerations that
go into designing the various components of the liquid jet assist components of the instruments
(e.g. the pressure lumen, nozzle, evacuation lumen, liquid pressures, etc.,) may be similarly
configured as those previously described in the context of the curette instruments and/or the
instruments described previously in commonly owned U.S. Patent Nos. 5,944,686; 6,375,635;
and 6,511,493; and U.S. Patent Application Nos. 2003/0083681 A1 and 2003/0125660 Al.

Fig. 12 illustrates a conventional surgical instrument 1200 having a rongeur-type
handle 1202 including a fixed portion 1204 and a moveable portion 1206 connected by a pin
connector 1208 and biased by springs 1210 and 1212 configured to keep jaws 1214, positioned
at the distal end of the instrument, normally opened. Stationary handle portion 1204 is
connected to a longitudinally- and distally-extending shaft portion 1216 terminating at its distal

end in a foot plate 1218 that may have a rounded, blunt distal-most surface 1220 and includes a
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cavity 1222 therein (dotted lines). Connected to moveable handle portion 1206 is a
longitudinally-slideable component 1224. Slideable component 1224 is configured to move
longitudinally forward in the direction of arrow 1226, when an operator actuates handle 1202
by squeezing. Upon actuation, the distal edge 1228 of slideable component 1224 moves
forward (dotted lines) and terminates, when the jaws are completely closed in cavity 1222.
Typically, one or both of distal edge 1228 and edges 1230 of cavity 1222 are sharpened so that,
upon closing the jaws, slideable component 1224 is able to snip, punch, or otherwise sever
tissue in an operating field. For certain typical rongeurs and punches utilized for spine surgery
applications, “bite opening” length 1232 is typically on the order of about 16 millimeters.
When using device 1200, a surgeon, after snipping or punching a piece of tissue in the surgical
operating field, typically must remove the instrument from the operating field at some point to
remove tissue from slideable component of 1224 to prevent fouling or clogging of the
instrument.

One embodiment of an inventive rongeur-type instrument providing a liquid jet-
forming nozzle at a distal end thereof configured to contact tissue excised with the instrument
in a surgical operating field is illustrated in Figs. 13 (external view) and 14 (partially cut-away
view). Liquid-assisted rongeur 1300 comprises one embodiment of a fluid jet-enhanced
version of conventional rongeur instrument 1200 shown in Fig. 12.

Surgical instrument 1300, similar to conventional instrument 1200, can comprise a
rongeur-type handle 1202 that can have a fixed portion 1204 and moveable portion 1206
connected by a pin connector 1208 and separated by biasing springs 1210 and 1212, which, in
the illustrated embodiment are configured to maintain jaws 1214 in a normally-open
configuration. A distal extension 1302 of the fixed handle portion 1204 can be configured to
support a fixed housing component 1304, which can be affixed thereto. Distal extension 1302
can also provide support for a high pressure lumen 1306, which may extend distally from distal
extension 1302 to the distal end of the instrument. Fixed housing component 1304 can be
connected to and support distally extending sheath 1308. Distally extending sheath 1308 may
include a notch 1310 therein at its distal end defining the “bite opening” of jaws 1214. Distally
extending sheath 1308 may also include at its distal most end, distal to notch 1310, an annular
ring portion 1312 having a shape configured to mate with, support, and be rigidly attached to a
cutting and/or gripping head component 1314, the structure and function of which is explained

in more detail below.
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At the proximal end of the instrument, a high pressure hose 220 can connect to fixed
handle portion 1204 and to high pressure lumen 1306. Alternatively, high-pressure hose 220
may be connected to high pressure lumen 1306 and supported by distal extension 1302 of
handle portion 1204 without being directly connected to the handle. High pressure lumen 1306
includes a liquid jet-forming nozzle 1318 at its distal end (Fig. 14), which is configured to form
a liquid jet 1320 creating an entrainment zone 1321 (dashed lines) directed across notch 1310.
Cutting/gripping head component 1314 may include a jet passage 1322 therethrough (Fig. 14),
which permits liquid jet 1320 to pass through the cutting/gripping head and into notch 1310
during operation.

Surgical instrument 1300 can further comprise a longitudinally slideable plunger
cutting/gripping head 1324 comprising a distal end of longitudinally slideable plunger 1326,
which can, optionally, be sharpened to provide a cutting edge. As illustrated, and optionally,
plunger 1326 can be hollow along its entire length, thereby providing an evacuation lumen
1328 for removal of tissue and debris from ‘a surgical site, as explained in more detail below.
In other embodiments, the plunger may comprise a solid rod having a hollow portion only near
its distal end for forming the distal cutting/gripping head, or may have a proximal end that is
plugged to prevent fluid flow through the tube. In addition, while plunger cutting/gripping
head 1324 and distal cutting/gripping head component 1314 can be provided with sharpened
edges, providing tissue-cutting components, in alternative embodiments, these components
may be unsharpened so that the jaws 1214 act not as to punch or cut with sharpened blades, as
illustrated, but rather as a clamp, forceps, grabber, or retractor. In certain such embodiments,
the liquid jet acts to cut and/or excise the tissue immobilized by the jaws 1214. In addition, for
embodiments of plunger 1326 providing an evacuation lumen 1328, the distal end of plunger
1326 may also include a constriction therein (e.g. similar to necked-down region 804
illustrated in Fig. 8) configured to enhance evacuation and/or disaggregation of tissue by the jet
during operation.

Plunger 1326 may be attached to and carried by moveable housing component 1329,
which, in turn, may be connected to the moveable handle portion 1206 of handle 1202 via
connecting pin 1330. In the illustrated embodiment, hollow plunger 1326 provides an
evacuation lumen 1328 and is connected at its proximal end 1332 to an evacuation waste hose
230. In operation, pulling handle portion 1206 proximally towards fixed handled portion 1204
moves slot 1336 at the top of handle portion 1206 distally, which, in turn, drives pin 1330
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distally, thereby moving moveable housing component 1329, plunger 1326, and plunger
cutting/gripping head 1324 longitudinally forwardly toward fixed cutting/gripping head
component head 1314. It should be appreciated that in other embodiments, the particular
opening and closing mechanism illustrated may be substituted with a variety of other actuating
mechanisms. For example, instead of having plunger 1326 longitudinally movable upon
actuation of the handle, in an alternative embodiment, the plunger could remain stationary
while distally extending sheath 1308 and cutting/gripping head component 1314 move
proximally. In yet another embodiment, upon actuation of the handle, the plunger 1326 could
be configured to move distally while, at the same time, sheath 1308 and cutting/gripping head
1314 move proximally.

The fully-open space between plunger cutting/gripping head 1324 and the proximal
edge 1340 of fixed cutting/gripping head 1314 forms jaws 1214 and defines bite opening
length 1232. In operation, tissue to be cut can be positioned within jaws 1214, and handle
1202 can be actuated by an operator to drive plunger cutting/gripping head 1324 forward in the
direction of arrow 1342 and into the tissue (not shown) in notch 1310. The diameter of the
periphery of edge 1340 of fixed cutting/gripping head 1314 can be selected to be very slightly
smaller than the inner diameter of plunger cutting/gripping head 1324. Upon bringing plunger
cutting/gripping head 1324 together with peripheral edge 1340, when these edges are
sharpened to provide cutting blades, a plug of tissue being cut by plunger cutting head 1324
will be severed and contained within the distal end of evacuation lumen 1328, which comprises
a conduit-shaped tissue receptacle. Plunger cutting/gripping head 1324 and fixed
cutting/gripping head 1314 may, preferably, be constructed from durable, hardened, surgically
acceptable materials, for example hardened stainless steel, and sized so that a plug of tissue cut
by the combination will have a diameter less than that of the minimum inner diameter of any
evacuation lumen provided in the instrument. The optional shallow cavity 1344 recessed into
the proximally-oriented face of fixed cutting head 1314 comprises a flair which can
advantageously prevent bone chips from becoming lodged in passage 1322 of the
cutting/gripping head during operation.

With a conventional rongeur instrument, such as instrument 1200 illustrated in Fig. 12,
after taking one or a few “bites” of tissue, it would usually be necessary to withdraw the
rongeur to remove the cut tissue plugs. By contrast, when utilizing inventive surgical

instrument 1300, high pressure liquid, such as isotonic saline, can be supplied to nozzle orifice
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1318 to form high pressure liquid jet 1320 during and/or after taking a “bite” of tissue with the
instrument. Liquid jet 1320 can be positioned to impact tissue excised by the cutting/gripping
heads and cut, fragment and/or disaggregate, and flush or push the tissue proximally through
evacuation lumen 1328 and away from the surgical site, thereby removing the tissue from the
surgical site without the need to remove the entire instrument from the surgical site. As
discussed above in the context of the inventive curette-type devices providing tissue and fluid
evacuation, in certain embodiments, evacuation lumen 1328 can be connected in fluid
communication with a source of external suction, such as a vacuum pump, to bring about or
enhance evacuation of fluid and material with the device. In other embodiments, the liquid jet
and evacuation components can be configured, as previously described and as described in
commonly-owned U.S. Patent Number 6,375,635, to enable the forpe created by the liquid jet
to evacuate fluid and debris away from the surgical site without th;: need for use of an external
source of suction.

In one embodiment of a method for using inventive surgical instrument 1300 for
cutting and removing tissue, the surgeon can first excise a piece of tissue by actuating handle
1202 to drive an (optionally) sharpened plunger cutting/gripping head 1324 distally to excise a
plug of tissue. After excising the tissue, the surgeon can then continue to squeeze handle 1202
to maintain the jaw in a closed configuration. Then, while maintaining the jaw in a closed
configuration, the surgeon can turn on the liquid jet so that the liquid jet can fragment and/or
disaggregate and erode at least a portion of the tissue plug (which would now be inside lumen
1328 of plunger 1326), and/or force the debris proximally through lumen 1328 with the liquid
jet. After removal of the tissue plug, the surgeon could turn off the jet, allow jaws 1214 to
open once again, take the next “bite” of tissue, and repeat the above-described process. In such
an embodiment, the maximum length of the liquid jet during operation (i.e. the distance
between the outlet of jet nozzle 1318 and the jet-receiving opening 1345 of the plunger
cutting/gripping component 1324 comprises a distance 1346 essentially equal to the length of
fixed cutting/gripping head 1314. To minimize dispersion of the jet, this length can be selected
to be within the order of a few millimeters (e.g. between 2-5 millimeters).

In a similar embodiment, except using a surgical instrument 1300 in which
cutting/gripping component 1324 and fixed cutting/gripping head 1314 are not sharpened to
provide cutting edges, the surgeon can first grasp a piece of tissue in jaws 1214 by actuating

handle 1202 to drive an unsharpened plunger cutting/gripping head 1324 distally to grasp and
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immobilize a piece of tissue. After grasping and immobilizing the tissue, the surgeon can then
continue to squeeze handle 1202 to maintain the jaw in a closed configuration. Then, while
maintaining the jaw in a closed configuration, the surgeon can turn on the liquid jet so that the
liquid jet can cut and excise the piece of tissue from the patient and fragment and/or
disaggregate and erode at least a portion of the tissue piece, and/or force the tissue debris
proximally through lumen 1328 with the liquid jet. After removal of the tissue piece, the
surgeon could turn off the jet, allow jaws 1214 to open once again, grab the next piece of
tissue, and repeat the above-described process.

In certain embodiments, it may be desirable to configure the instrument so that either
the liquid jet is continuously on during operation, or the instrument is configured to provide
flexibility enabling an operator to cut and/or excise, fragment and/or disaggregate, and
evacuate tissue and debris with the liquid jet both when the jaws of the instrument are fully
open, as well as partially or fully closed. As discussed previously, in certain rongeur
instruments utilized for spinal surgery, bite distance 1232 can be as much as about 16
millimeters. In such embodiments, wherein it is desirable to utilize the liquid jet with the jaws
open as well as closed, in order to prevent an undue level of dispersion of liquid jet 1320
causing the entrainment zone 1321 to become larger than the diameter of the jet-receiving
opening 1345 of the distal end of plunger cutting/gripping head 1324 (resulting in undesirable
“blow by” of the fluid jet and a reduction of visibility and effectiveness of evacuation), it can
be desirable to configure the jet-forming elements of the instrument to create a highly coherent
liquid jet, for example, a jet characterized by a dispersion angle (defined as an apex angle of a
cone-shaped region that circumscribes and contains the jet along its length and has an apex at
the jet-forming opening of the nozzle and a base defined as the cross-sectional area of the
dispersed jet measured in a plane co-planar to the cross-sectional plane through the evacuation
lumen at its point of minimum diameter) of between about 3-10 degrees, an in certain
embodiments, between about 3-6 degrees.

Techniques for forming nozzles able to create such coherent liquid jets are described in
commonly-owned U.S. Patent Number 6,375,635. In certain embodiments, it is desirable in
forming coherent jets to provide a nozzle having a ratio of nozzle length to jet opening
diameter of at least abodt four, in certain other embodiments of at least about six, and in yet
other embodiments of at least about ten. In addition, as described in U.S. Patent Number

6,375,635, the efficiency of a nozzle and its ability to form a highly coherent jet is improved by
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forming the nozzle to provide a smooth, tapering flow path for the liquid flowing into the
nozzle, thus reducing turbulence, recirculating flow patterns, and friction at the jet nozzle inlet.
This effect is known in the fluid mechanical arts as the “vena contracta” effect and can
improve fluid flow efficiencies by as much as 30% or more. Techniques for forming tapered
nozzles having a large ratio of length to minimum diameter and capable of forming highly
coherent liquid jets (e.g. by necking down the end of a length of high pressure tubing) are
described in detail in the above-referenced U.S. Patent Number 6,375,635. Such nozzles could
be utilized for forming the liquid jet nozzle of surgical instrument 1300.

It should be appreciated and apparent from the description of surgical instrument 1300
that a wide variety of modifications and changes to the physical configuration of the instrument
are possible while maintaining its basic principles of operation and the inventive advantages
provided by incorporation of a liquid jet. For example, the handle configuration, sheath and
barrel length and other dimensions and configurations can vary, depending upon the particular
application and surgical arena in which the instrument is employed. In addition, as would be
apparent to those skilled in the art, surgical instrument 1300 may utilize many alternative
means to activate the tissue-manipulating components at its distal end and may utilize a variety
of different types of tissue-manipulating components other than the tissue cutter specifically
illustrated. As just one example of an alternative configuration, not illustrated, surgical
instrument 1300 could be configured such that the fluid jet nozzle 1318 is located within the
distal end of plunger 1326 and positioned so that the liquid jet emitted therefrom is directed
distally toward plunger cutting/gripping head 1324 and fixed cutting/gripping head 1314. In
such a configuration, the liquid jet could be used to fragment and/or disaggregate and erode
pieces of tissue from their proximal side rather than their distal side. In such a configuration,
plunger cutting/gripping head 1324 is, optionally, not required to be sharp enough to actually
cut tissue, but could rather serve to immobilize tissue being cut by the liquid jet and to contain
spray created by the jet.

In another alternative embodiment (not illustrated), to reduce the chance of large bone
fragments formed by the device from clogging an evacuation lumen, the distal end of the
device could include a supplemental bone plug crushing, grinding, and/or disaggregating
component to reduce the size of bone plugs formed by the instrument before such plugs enter
the evacuation lumen. One configuration for providing one such bone/tissue grinding element

is described below in the context og Figs. 15-17. In tone alternative embodiment, the grinding
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element illustrated in Figs. 15-17 could be combined with one or more of the tissue excising
components at the distal end of instrument 1300, e.g. liquid jet nozzle 1318.

Figs. 15-17 illustrate another set of embodiments of a rongeur-type instrument utilizing
a liquid jet to bring about fragmentation and/or disaggregation and/or cutting of tissue within a
surgical operating field. In contrast to instrument 1300 illustrated in Figs. 13 and 14, surgical
instrument 1800 illustrated in Figs. 15-17 does not utilize a liquid jet to fragment and/or
disaggregate and/or cut tissue by directly impacting tissue with the jet, but rather uses a liquid
jet to drive a liquid jet-driven rotor of the instrument, which, in turn, is coupled to a rotatable
tissue-contacting component located at the distal end, such that rotation of the liquid jet-driven
rotor causes rotation of the rotatable tissue-contacting component. While, in the illustrated
embodiments, the rotatable tissue-contacting component comprises a grinding burr, it should
be understood, that in other embodiments, the rotatable tissue-contacting component could
comprise any one of the wide variety of other useful rotating implements.

Surgical instrument 1800 comprises a liquid jet-driven rotor-powered mechanical
cutting tip located at the distal end of the instrument. As with surgical instrument 1300
described previously, surgical instrument 1800 has the general form of the rongeur or punch.
In other embodiments, the surgical instrument could be configured in the form of a surgical
forceps, morcellator, curette, etc. A “liquid jet-driven rotor” as used herein refers to a liquid
jet-driven motor comprising a jet-driven rotor mechanism utilizing a pressure lumen, having a
liquid jet forming nozzle therein, which is configured to direct a liquid jet so that it impacts an
impacting surface of a rotor, thus driving rotation of the rotor. In the context of a “liquid jet-
driven rotor” based motor, the term “liquid” does not encompass gases, as this term was
previously defined for use in other contexts.

Unlike typical prior art air or liquid driven turbine mechanisms, a liquid jet-driven rotor
mechanism as used herein does not utilize an expanding gas or, as is the case with typical prior
art liquid-turbines, confine the rotor and liquid flow path within an enclosed duct or channel
such that the rotor is essentially completely submerged in a liquid during rotation. In such
typical prior art “reaction” turbines, the liquid driving the rotor undergoes a gradual change in
hydrostatic pressure while in contact with the driving surface of the rotor. In contrast a liquid
jet-driven rotor mechanism as used herein maintains the liquid jet-driven rotor within a
surrounding gas environment while it is being rotatably driven by a liquid jet during operation.

Such liquid jet-driven rotor mechanisms as utilized in the context in present invention are
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described in detail in commonly owned U.S. Patent Number 6,511,493, which is incorporated
herein by reference. The reader is referred to this patent for a description of particular design
parameters and configurations for constructing a liquid jet-driven motor. In certain
embodiments of the present invention, essentially any of the liquid jet-driven rotor mechanisms
described in U.S. Patent Number 6,511,493 could potentially be utilized in the inventive
instruments including such motors. In the illustrations below, one particular configuration that
is utilized comprises a liquid jet-driven rotor that is directly attached to a rotating shaft of the
instrument carrying the rotatable tissue-contacting component at a distal end thereof such that
the rotating shaft and the rotating rotor rotate at the same rotational speed. This particular
configuration is described in the above-referenced U.S. Patent Number 6,511,493, and is also
described, illustrated, and discussed in commonly owned U.S. Patent Application Publication
Number 2003/0083681 Al.

Referring to Fig. 15, which presents an illustration of the exterior appearance of
surgical instrument 1800, and Fig. 16, which shows a first configuration of surgical instrument
1800 in partial cross section, instrument 1800 includes a rongeur-type handle 1202, having a
fixed portion 1204 and a movable portion 1206 pivotally connected by pin connector 1208 and
biased in an open position by springs 1210 and 1212. A distal extension portion 1302 of fixed
handle portion 1204 is affixed to and supports a fixed housing component 1304, which is
attached to and supports distally extending sheath 1308, in a similar fashion as previously
described in the context of surgical instrument 1300. Distally extending sheath 1308 is
connected to and supports at its distal end fixed burr stop component 1802, which serves a
somewhat similar function as fixed cutting head 1314 of surgical instrument 1300 previously
described. At the proximal side of notch 1310, and comprising the proximal side of jaws 1214,
is the distal end of rotating burr 1804.

At the proximal end of the instrument, a high pressure hose 220 is connected to and
supplies high pressure liquid to high pressure lumen 1801 contained within the moveable rotor
housing 1812. Burr sheath 1814 is connected to and carried by moveable rotor housing
component 1812. Upon actuation of the handle, moveable rotor housing component 1812
moves distally and burr sheath 1814 slides longitudinally and distally within distally extending
sheath 1308. Burr 1804 is supported within burr sheath 1814 by distal bearing 1816 and
proximal bearing 1818. Burr sheath 1814, as previously mentioned, is attached to and carried

by a moveable rotor housing 1812, which is connected to moveable handle portion 1206 via
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slot 1336 and pin 1330. The waste hose 1820 is connected to the proximal end of burr sheath
1814 via tubing connector 1822. Burr 1804 is connected to the distal end of a burr shaft 1824,
which is rigidly attached to liquid jet-driven rotor 1826 located within rotor chamber 1828 of
moveable rotor housing 1812. Liquid jet-driven rotor 1826 is driven in rotation via impact
with a liquid jet emitted from nozzle 1830 in high pressure lumen 1801. Preferably, as
discussed in commonly-owned U.S. Patent No. 6,511,493, the nozzle is configured to produced
a highly collimated liquid jet. Because liquid jet-driven rotor 1826 is directly connected to
burr shaft 1824, burr 1804 will rotate at the same speed as rotor 1826, when the instrument is
in operation.

In operation, tissue or bone to be cut or abated is introduced into jaw 1214 and handle
1202 is squeezed, which advances moveable rotor housing 1812 distally, and with it burr
sheath 1814, burr shaft 1824, and burr 1804. Upon actuation of the handle, burr sheath 1814
slides through distally extending sheath 1308, so that burr 1804 enters into notch 1310.
Pressurized fluid is directed through high pressure lumen 1801 to nozzle 1830 to create a liquid
jet directed to impact jet-impacting surfaces 1831 on liquid jet-driven rotor 1826. The high
pressure liquid jet can accelerate and drive burr 1804 in rapid rotation, for example in the range
of about 10,000 RPM to over 50,000 RPM under no-load conditions. Further squeezing of
handle 1202 forces the rotating burr 1804 into contact with tissue within notch 1310 of jaw
1214, thereby grinding and disaggregating the tissue.

In an alternative arrangement, not illustrated, burr sheath 1814 may extend distally to a
greater extent than illustrated, such that its distal-most portion is distal to or at the same
location as the distal most end of burr 1804. In such an alternative configuration, the distal end
of burr sheath 1814 could be sharpened to provide a cutting blade/punch similar to plunger
cutting head 1324 of instrument 1300 illustrated in Figs. 13 and 14 and described previously.
In such an arrangement, the distal cutting edge of burr sheath 1814 could be utilized to cut
target tissue which could then be disaggregated by the action of burr 1804. In another
alternative embodiment (not illustrated), a sheath may be provided so that as the burr is moved
out of the sheath 1308, the burr sheath 1814 is also extended such that it surrounds the burr and
protects contiguous tissue from adventitious contact with the burr 1804 or its shaft 1824.

Referring specifically now to Fig. 16, after the liquid jet impacts rotor 1826, the jet
liquid that collects in rotor chamber 1828 is evacuated from the chamber as shown by arrows

1833 via waste tube 1820. In certain embodiments, a source of external suction is applied to
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waste tube 1820 to effect evacuation of liquid from the device. Moveable rotor housing
component 1812 may include a liquid bypass line 1832 therein, as illustrated, which can enable
liquid evacuated from rotor chamber 1828 to bypass proximal bearing 1818.

In certain embodiments, as illustrated, liquid and tissue debris can be evacuated from
the distal end of the instrument via passage through a lumen 1835 centrally located along the
length of hollow burr shaft 1824, which is fluid communication with suction tube 1820 (see
arrows 1834). A suction inlet 1836 is provided near the distal end of burr shaft 1824 to enable
liquid entry into lumen 1835 in shaft 1824. In certain embodiments, as illustrated, the
evacuation opening 1836 can be scooped-shaped and configured so that inlet opening 1836
faces the direction of the burr shaft rotation when in operation. Such a configuration allows for
the rotational energy of the burr to assist in or facilitate evacuation of liquid and debris
proximally through the lumen 1835 of the hollow burr shaft 1824. Hollow shafted burrs are
commercially available (e.g. from Smith & Nephew Dionics) and are described in greater
detail in U.S. Patent Number 6,511,493.

Illustrated in Fig. 17, in cross section, is an alternative embodiment for configuring the
evacuation system of liquid jet-driven rotating burr rongeur instrument 1800. In the alternative
configuration illustrated in Fig. 17, rotating burr shaft 2002 is solid and does not include an
evacuation lumen therein. Rather, liquid and tissue debris at the distal end of the instrument is
evacuated through the annular space 2004 surrounding burr shaft 2002 and within burr sheath
2006 (see arrows 2007). Burr sheath 2006 is sealed in its proximal end 2008 and includes,
such as at a location proximal to moveable rotor housing component 2010, a suction hose
connector 2012, which is in fluid communication with annular space 2004. Upon application
of suction to evacuation tube 1820, for example via a source of external suction such as a
vacuum pump, tissue and debris can be evacuated from the distal end of burr sheath 2006
through annular inlet opening 2014, through burr shafts spacer element 2016 via passage ways
2018 therein, through annular lumen 2004, and into suction tube 1820 via connector 2012.

In the illustrated configuration of Fig. 17, bearing support for burr shaft 2002 is
provided by two proximally-located bearings 2020. Distally located spacer 2016 serves only to
prevent burr shaft 2002 from contacting the inner surface of burr sheath 2006 upon lateral
deflection, but, in certain embodiments, does not provide any substantial bearing support
during normal operation. In fact, in certain embodiments, distal spacer 2016 can be eliminated

entirely. A detailed description of various configurations and design considerations for
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constructing liquid jet-driven burr instruments having only proximally-located bearing support,
such as in the configuration illustrated in Fig. 17, is provided in commonly owned U.S. Patent
Application Number 2003/0083681 A1, to which the reader is referred for more detail.

Additionally, in the configuration illustrated in Fig. 17, liquid jet rotor housing chamber
2024 is evacuated, so as to remove liquid comprising the liquid jet utilized to drive the rotor in
order to maintain the housing free of liquid build-up during operation, via evacuation line
2026, which is fluid communication with suction tube 1820 and enters rotor chamber 2024 at
its bottom-most portion 2028. Such a configuration can facilitate removal of liquid within
rotor housing chamber 2024 before it collects in a sufficient amount to contact or submerge
any part of liquid jet-driven rotor 1826.

In addition to the above-described inventive surgical instruments and methods for
performing surgery with such instruments, the present invention also provides a series of kits
including one or more of the surgical instruments disclosed herein, or components thereof,
together with instructions for use directed to an operator of the instruments. “Instructions”
typically involve written instructions on or associated with packaging of instruments, or
components thereof, of the invention. Instructions also can include any oral or electronic
instructions provided in any manner. The inventive “kits” typically define a package including
both any one or a combination of one or more surgical instruments, or components thereof, of
the invention and the instructions, but can also include a surgical instrument of the invention,
or component thereof, and instructions of any form that are provided in connection with the
instrument in any manner such that a professional operator of the instrument will clearly
recognize that the instructions are to be associated with the specific instrument.

One embodiment of a kit provided according the invention comprises a surgical
instrument of the invention, or a component thereof, in combination with instructions directing
an operator to dispose of at least a portion of the instrument after a single use. In certain such
embodiments, the instructions direct the operator to dispose of only a portion of the instrument
after a single use and to reuse the remainder of the instrument. In particular embodiments,
wherein the instructions direct a user to dispose of only a portion of the instrument, the
instructions further direct an operator to dispose of one or more of the pressure lumen,
evacuation lumen, nozzle, or non-liquid jet tissue-cutting component (e.g. cutting blade, burr,

etc.) of the instrument, while retaining the remainder of the instrument for re-use. In another
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of a series of embodiments, the inventive kits provide instructions directing an operator to
dispose of the entire instrument after a single use.

While several embodiments of the invention have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and structures
for performing the functions and/or obtaining the results or advantages described herein, and
each of such variations, modifications and improvements is deemed to be within the scope of
the present invention. More generally, those skilled in the art would readily appreciate that all
configurations described herein are meant to be exemplary and that actual configurations will
depend upon specific applications for which the teachings of the present invention are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described
herein. It is, therefore, to be understood that the foregoing embodiments are presented by way
of example only and that, within the scope of the appended claims and equivalents thereto, the
invention may be practiced otherwise than as specifically described. The present invention is
directed to each individual feature, system, material and/or method described herein. In
addition, any combination of two or more such features, systems, materials and/or methods,
provided that such features, systems, materials and/or methods are not mutually inconsistent, is
included within the scope of the present invention. In the claims (as well as in the specification

above), all transitional phrases or phrases of inclusion, such as “comprising,” “including,”

27 ¢ 9% ¢

“carrying,” “having,” “containing,” “composed of,” “made of,” “formed of,” “involving” and
the like shall be interpreted to be open-ended, i.e. to mean “including but not limited to” and,
therefore, encompassing the items listed thereafter and equivalents thereof as well as
additional items. Only the transitional phrases or phrases of inclusion “consisting of” and
“consisting essentially of” are to be interpreted as closed or semi-closed phrases, respectively.
In cases where the present specification and a document incorporated by reference include

conflicting disclosure, the present specification shall control.

What is claimed:
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1. A surgical instrument comprising:

a nozzle that is shaped to form a liquid jet;

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle;

an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receive at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the
jet-receiving opening; and

a non-liquid jet tissue-cutting component constructed and positioned to excise tissue
during the surgical procedure, wherein

the nozzle is positioned, during operation of the instrument, to direct the liquid jet' SO as
to contact tissue excised by the non-fluid jet tissue-cutting component during a surgical

procedure.

2. The surgical instrument of claim 1, wherein the non-liquid jet tissue-cutting component

is configured to not rotate, when the instrument is in operation.

3. The surgical instrument of claim 2, wherein the non-liquid jet tissue-cutting component

is configured to remain stationary with respect to the position of the nozzle.

4. The surgical instrument of claim 2, wherein at least one of the non-liquid jet tissue-
cutting component and the nozzle is configured to be longitudinally movable with respect to

the other.

5. The surgical instrument of claim 4, wherein at least a portion of the non-liquid jet

tissue-cutting component comprises a sharpened distal end of the evacuation lumen.

6. The surgical instrument of claim 1, further comprising:
a tissue receptacle configured and positioned to contain tissue excised by the tissue-
cutting component, wherein the nozzle is positioned, during operation of the instrument, to

direct the liquid jet so that at least a portion of the liquid jet is contained within the receptacle.

7. The surgical instrument of claim 6, wherein the tissue receptacle is cup-shaped.
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8. The surgical instrument of claim 7, wherein at least a portion of the rim of the
receptacle is sufficiently sharp to form a tissue-cutting blade comprising the non-liquid jet

tissue-cutting component.

9. The surgical instrument of claim 1, wherein the surgical instrument comprises a device
selected from the group consisting of: a curette, a rongeur, a bone punch, bone-cutting forceps,
a morcellator, and a surgical micrograsper.

10.  The surgical instrument of claim 1, wherein the surgical instrument comprises a curette.

11.  The surgical instrument of claim 1, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 1,000 psig.

12.  The surgical instrument of claim 11, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 2,000 psig.

13.  The surgical instrument of claim 12, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 3,000 psig.

14.  The surgical instrument of claim 13, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 5,000 psig.

15.  The surgical instrument of claim 14, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 10,000 psig.

16.  The surgical instrument of claim 15, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 15,000 psig.

17.  The surgical instrument of claim 16, wherein the pressure lumen is configured to

enable it to convey a high-pressure liquid at a pressure of at least 30,000 psig.
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18.  The surgical instrument of claim 1, wherein the evacuation lumen includes an
expansion in internal diameter at a point defining the location of the entrance of the jet-
receiving opening or at a point downstream thereof for enhancing suction at the jet-receiving

opening.

19.  The surgical instrument of claim 18, wherein the evacuation lumen includes a region of
reduced internal diameter located downstream of the jet-receiving opening and an expansion of

the internal diameter adjacent to and downstream of said region of reduced internal diameter.

20.  The surgical instrument of claim 1, wherein the evacuation lumen is shaped and
positioned to enable it to remove from a surgical site at least a portion of tissue excised by the

tissue-cutting component during operation.

21.  The surgical instrument of claim 1, further comprising:

a distal end adapted to perform a surgical procedure on a patient,

wherein the distal end of the surgical instrument has a shape and size selected to
facilitate insertion of the distal end into a region of the body of the patient defining a surgical

site.

22.  The surgical instrument of claim 21, wherein the region of the body of the patient

defining a surgical site is the spine of the patient.

23. The surgical instrument of claim 1, further comprising:

a distal end adapted to perform a surgical procedure on a patient; and

a proxirﬁal end adapted to facilitate control of the instrument by an operator,

wherein the distal end of the surgical instrument comprises the non-liquid jet tissue-
cutting component, and

wherein the proximal end of the instrument is configured to be grasped and/or
manipulated by an operator, the proximal end being operatively coupled to the non-liquid jet
tissue-cutting compbnent of the distal end to facilitate control and actuation of the non-liquid

jet tissue-cutting component by manipulation of the proximal end by the operator.
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24.  The surgical instrument of claim 1, wherein the evacuation lumen is shaped and
positionable to enable evacuation of essentially all of the liquid comprising the liquid jet from
the jet-receiving opening to a proximal end of the instrument, without the need for an external

source of suction.

25.  The surgical instrument of claim 1, further comprising:
a proximal end adapted to facilitate control of the instrument by an operator; and

a handle at the proximal end of the instrument.

26.  The surgical instrument of claim 25, wherein the handle comprises a grasping region

shaped and positioned to facilitate gripping by a hand of an operator of the instrument.

27.  The surgical instrument of claim 25, wherein at least a first portion of the handle is

movable with respect to a second portion of the handle.

28.  The surgical instrument of claim 26, wherein the handle is configured and coupled to
the non-liquid jet tissue-cutting component such that the non-liquid jet tissue-cutting
component can excise tissue from the patient when the first portion of the handle is moved
with respect to the second portion of the handle. \
29.  The surgical instrument of claim 1, wherein the non-liquid jet tissue-cutting component

comprises a mechanical cutter.

30.  The surgical instrument of claim 29, wherein the mechanical cutter comprises a
sharpened blade.
31.  The surgical instrument of claim 1, wherein a distance separating the jet-receiving

opening of the evacuation lumen from the nozzle defines a length of the liquid jet emitted from

the nozzle.



10

15

20

25

30

WO 2004/037095 PCT/US2003/034174

-44.

32.  The surgical instrument of claim 31, wherein the longitudinal position of at least one of
the jet-receiving opening of the evacuation lumen and the nozzle with respect to the non-liquid

jet tissue-cutting component is adjustable by an operator of the instrument.

33.  The surgical instrument of claim 32, wherein both the jet-receiving opening of the
evacuation lumen and the nozzle are longitudinally movable with respect to the non-liquid jet

tissue-cutting component.

34.  The surgical instrument of claim 33, wherein the jet-receiving opening of the
evacuation lumen and the nozzle are longitudinally movable with respect to the non-liquid jet
tissue-cutting component in fixed relation to each other such that the length of the liquid jet
does not change upon adjustment of the relative longitudinal position of the jet-receiving
opening of the evacuation lumen and the nozzle with respect to the non-liquid jet tissue-cutting

component.

35.  The surgical instrument of claim 31, wherein a distance separating the jet-receiving

opening of the evacuation lumen from the nozzle is adjustable by an operator of the instrument.

36.  The surgical instrument of claim 32, wherein the distance separating the jet-receiving
opening of the evacuation tube from the nozzle is adjustable by manipulating at least a portion

of a proximal end of the instrument.

37.  The surgical instrument of claim 31, wherein at least one of the pressure lumen and the

evacuation lumen is movable relative to the other.

38.  The surgical instrument of claim 37, wherein movement of at least one of the pressure
lumen and the evacuation lumen causes a change in the length of the liquid jet emitted from the

nozzle.

39. A kit comprising the surgical instrument of claim 1, in combination with instructions

directing an operator to dispose of at least a portion of the instrument after a single use.
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40.  The kit of claim 39, wherein the instructions direct an operator to dispose of only a

portion of the instrument after a single use and to reuse the remainder of the instrument.

41.  The kit of claim 40, wherein the instructions direct an operator to dispose of at least one
of the pressure lumen, the evacuation lumen, the nozzle, and the non-liquid jet tissue cutting

component.

42.  The kit of claim 39, wherein the instructions direct an operator to dispose of the entire

instrument after a single use.

43.  The surgical instrument of claim 1, further comprising:

a distal end adapted to perform a surgical procedure on a patient,

wherein the nozzle is positioned at the distal end of the instrument and is configured
such that the liquid jet emitted by the nozzle and directed so as to contact the tissue excised by
the non-fluid jet tissue-cutting component is able to cut at least a portion of the excised tissue
and/or drive at least a portion of the excised tissue into and at least partially through the

evacuation lumen.

44, A surgical instrument comprising:

a nozzle that is shaped to form a liquid jet;

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle;

an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receive at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the
jet-receiving opening; and

a non-liquid jet, non-rotating tissue-cutting component constructed and positioned to

excise tissue during the surgical procedure.

45.  The surgical instrument of claim 44, further comprising:
a tissue receptacle configured and positioned to contain tissue excised by the non-liquid

jet, non-rotating tissue-cutting component, wherein the nozzle is positioned, during operation
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of the instrument, to direct the liquid jet so that at least a portion of the liquid jet is contained

within the receptacle.

46.  The surgical instrument of claim 45, wherein the tissue receptacle is cup-shaped.

47.  The surgical instrument of claim 44 , wherein the pressure lumen is configured to

enable it to convey a high-pressure liquid at a pressure of at least 1,000 psig.

48.  The surgical instrument of claim 44, wherein the evacuation lumen is shaped and
positioned to enable it to remove from a surgical site at least a portion of tissue excised by the

non-liquid jet, non-rotating tissue-cutting component during operation.

49.  The surgical instrument of claim 44, wherein the evacuation lumen is shaped and
positionable to enable evacuation of essentially all of the liquid comprising the liquid jet from
the jet-receiving opening to a proximal end of the instrument, without the need for an external

source of suction.

50.  The surgical instrument of claim 44, further comprising:

a distal end adapted to perform a surgical procedure on a patient,

wherein the distal end of the surgical instrument has a shape and size selected to
facilitate insertion of the distal end into a region of the body of the patient defining a surgical

site.

51.  The surgical instrument of claim 50, wherein the region of the body of the patient

defining a surgical site is the spine of the patient.

52.  The surgical instrument of claim 44, wherein the surgical instrument comprises a
device selected from the group consisting of: a curette, a rongeur, a bone punch, bone-cutting

forceps, a morcellator, and a surgical micrograsper.

53.  The surgical instrument of claim 44, wherein the surgical instrument comprises a

curette.
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54.  The surgical instrument of claim 44, further comprising:

a distal end adapted to perform a surgical procedure on a patient and a proximal end
adapted to facilitate control of the instrument by an operator, wherein

the distal end of the surgical instrument comprises the non-liquid jet, non-rotating
tissue-cutting component, and wherein

the proximal end of the instrument is configured to be grasped and/or manipulated by
an operator, the proximal end being operatively coupled to the non-liquid jet, non-rotating
tissue-cutting component of the distal end to facilitate control and actuation of the non-liquid

jet, non-rotating tissue-cutting component by manipulation of the proximal end by the operator.

55. A surgical instrument comprising:

a non-liquid jet tissue-cutting component constructed and positioned to excise tissue
during a surgical procedure;

a tissue receptacle configured and positioned to contain tissue excised by the tissue-
cutting component;

a nozzle that is shaped to form a liquid jet and is positioned to direct the liquid jet so
that at least a portion of the liquid jet is contained within the receptacle, when the instrument is
in operation; and

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle.

56.  The surgical instrument of claim 55, wherein the tissue receptacle is cup-shaped.

57.  The surgical instrument of claim 56, further comprising:

a distal end adapted to perform a surgical procedure on a patient,

wherein the receptacle is positioned at the distal end of the instrument and comprises a
rim, at least a portion of said rim being configured and positioned to provide a sharpened
cutting blade defining the non-liquid jet tissue-cutting component constructed and positioned

to excise tissue during the surgical procedure.

58.  The surgical instrument of claim 57, wherein the rim of the receptacle has an

essentially continuous contour.
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59. The surgical instrument of claim 57, wherein the rim of the receptacle has a

discontinuous contout.

60.  The surgical instrument of claim 59, wherein the rim of the receptacle is serrated and/or

includes a plurality of claws thereon.

61.  The surgical instrument of claim 55, wherein the pressure lumen is configured to enable

it to convey a high-pressure liquid at a pressure of at least 1,000 psig.

62.  The surgical instrument of claim 55, wherein the surgical instrument comprises a
device selected from the group consisting of: a curette, a rongeur, a bone punch, bone-cutting

forceps, a morcellator, and a surgical micrograsper.

63. The surgical instrument of claim 55, wherein the surgical instrument comprises a

curette.

64.  The surgical instrument of claim 55, further comprising:

an evacuation lumen comprising a jet-receiving opening at its distal end that is
locatable opposite the nozzle to receive at least a portion of the liquid jet emitted from the
nozzle, when the instrument is in operation, and which is configured and positioned to convey
a flow of liquid away from the jet-receiving opening, wherein

the evacuation lumen is shaped and positioned to enable it to remove from a surgical

site a least a portion of tissue excised by the tissue-cutting component during operation.

65.  The surgical instrument of claim 64, wherein the evacuation Iumen is shaped and
positionable to enable evacuation of essentially all of the liquid comprising the liquid jet from
the jet-receiving opening to a proximal end of the instrument, without the need for an external

source of suction.

66.  The surgical instrument of claim 64, wherein the tissue receptacle is conduit-shaped.
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67.  The surgical instrument of claim 66, wherein the tissue receptacle comprises at least a
portion of the distal end of the evacuation lumen and wherein at least a portion of a periphery
of the distal end of the evacuation opening, which periphery defining the perimeter of the jet-

receiving opening, is sharpened to provide the non-liquid jet tissue-cutting component.

68.  The surgical instrument of claim 67, wherein the distal end of the evacuation lumen is

longitudinally movable with respect to the nozzle.

69.  The surgical instrument of claim 55, further comprising:

a distal end adapted to perform a surgical procedure on a patient,

wherein the distal end of the surgical instrument has a shape and size selected to
facilitate insertion of the distal end into a region of the body of the patient defining a surgical

site.

70.  The surgical instrument of claim 69, wherein the region of the body of the patient

defining a surgical site is the spine of the patient.

71.  The surgical instrument of claim 55, further comprising:

a distal end adapted to perform a surgical procedure on a patient; and

a proximal end adapted to facilitate control of the instrument by an operator, wherein

the distal end of the surgical instrument comprises the non-liquid jet tissue-cutting
component, and wherein

the proximal end of the instrument is configured to be grasped and/or manipulated by
an operator, the proximal end being operatively coupled to the non-liquid jet tissue-cutting
component of the distal end to facilitate control and actuation of the non-liquid jet tissue-
cutting component by manipulation of the proximal end by the operator, and wherein

the is nozzle is constructed and positioned, during operation of the instrument, to direct
the liquid jet fragments and/or disaggregates and/or cuts at least some tissue excised by the

non-liquid jet tissue-cutting component.

72.  The surgical instrument of claim 55, wherein at least an outlet portion of the nozzle is

contained within the receptacle.
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73.  The surgical instrument of claim 72, wherein longitudinal position of the outlet portion

of the nozzle within the receptacle is adjustable by an operator of the instrument.

74. A surgical instrument comprising:

a cup-shaped tissue receptacle configured and positioned to contain tissue;

a nozzle that is shaped to form a liquid jet and is positioned to direct the liquid jet so
that at least a portion of the liquid jet is contained within the receptacle, when the instrument is
in operation; and

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle.

75.  The surgical instrument of claim 74, further comprising:
a distal end adapted to perform a surgical procedure on a patient, wherein
the receptacle is positioned at the distal end of the instrument and comprises a rim

defining a tissue-contacting periphery thereof.

76.  The surgical instrument of claim 75, wherein the rim of the receptacle is not sharpened

to provide a tissue-cutting edge.

77.  The surgical instrument of claim 75, wherein the rim of the receptacle is sharpened to

provide a tissue-cutting edge.

78.  The surgical instrument of claim 74, wherein the surgical instrument comprises a
curette.
79. A surgical instrument selected from the group consisting of: a curette, a rongeur, a bone

punch, bone-cutting forceps, a morcellator, and a surgical micrograsper, comprising:
a nozzle that is shaped to form a liquid jet; and
a pressure lumen configured and positioned to convey a flow of high-pressure liquid at

a pressure of at least 1,000 psig to the nozzle.

80.  The surgical instrument of claim 79, wherein the surgical instrument is a curette.
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81.  The surgical instrument of claim 79, wherein the surgical instrument is a rongeur.

82.  The surgical instrument of claim 79, wherein the nozzle is positioned, during operation
of the instrument in performing a surgical procedure on a patient, to direct the liquid jet so that

at least a portion of the liquid jet impacts tissue of a patient in a surgical site.

83.  The surgical instrument of claim 82, further comprising:

an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receix}e at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the
jet-receiving opening, wherein

the evacuation lumen is shaped and positioned to enable it to remove from the surgical

site at least a portion of tissue excised by the instrument during operation.

84.  The surgical instrument of claim 83, wherein the evacuation lumen is shaped and
positionable to enable evacuation of essentially all of the liquid comprising the liquid jet from
the jet-receiving opening to a proximal end of the instrument, without the need for an external

source of suction.

85.  The surgical instrument of claim 79, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 2,000 psig to the

nozzle.

85.  The surgical instrument of claim 84, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 3,000 psig to the

nozzle.

86.  The surgical instrument of claim 85, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 5,000 psig to the

nozzle.
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87.  The surgical instrument of claim 86, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 10,000 psig to the

nozzle.

88.  The surgical instrument of claim 87, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 15,000 psig to the

nozzle.

89.  The surgical instrument of claim 88, wherein the pressure lumen configured and
positioned to convey a flow of high-pressure liquid at a pressure of at least 30,000 psig to the

nozzle.

90.  The surgical instrument of claim 79, further comprising:

a rotatable tissue-contacting component constructed and arranged for contact with
tissue in a surgical operating field and located at a distal end of the instrument;

a liquid jet-driven rotor, configured and positioned to be driven in rotation by impact of
the liquid jet thereon, operatively coupled to the rotatable tissue-contacting component, when
the instrument is in operation, such that rotation of the liquid jet-driven rotor causes rotation of

the rotatable tissue-contacting component.

91. A method of performing a surgical procedure on a patient comprising:

applying a surgical instrument to a surgical site of the patient;

excising a piece of tissue from the patient with a non-liquid jet tissue-cutting
component of the surgical instrument; and

directing a liquid jet associated with the surgical instrument towards the piece of tissue

excised in the excising step so that the liquid jet impacts the piece of tissue.

92. The method of claim 91, further comprising:
fragmenting and/or disaggregating at least a portion of the piece of tissue with the

liquid jet during the directing step.

93.  The method of claim 92, further comprising:
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liquid jet cutting at least a portion of the piece of tissue with the liquid jet during the

directing step.

94.  The method of claim 93, wherein the liquid jet cutting step precedes the fragmenting
and/or disaggregating step.

95.  The method of claim 93, wherein the liquid jet cutting step and the fragmenting and/or

disaggregating step occur essentially simultaneously.

96.  The method of claim 91, further comprising:
facilitating removal from the surgical site of at least a portion of the piece of tissue with

the liquid jet.

97.  The method of claim 96, further comprising after the directing step:

excising a second piece of tissue from the patient with the non-fluid jet cutting
component of the surgical instrument;

directing a liquid jet created by the surgical instrument towards the second piece of
tissue excised in the second excising step so that the liquid jet impacts the second piece of
tissue; and

facilitating removal from the surgical site of at least a portion of the second piece of

tissue with the liquid jet.

98.  The method of claim 97, wherein the tissue excised in the first excising step is removed

from the surgical prior to the step of excising the second piece of tissue.

99.  The method of claim 97, wherein the surgical instrument is not removed from the

surgical site between the first and second excising steps.

100. The method of claim 91, wherein the directing step further comprises:
fragmenting and/or disaggregating at least a portion of the piece of tissue with the

liquid jet; and
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facilitating removal from the surgical site of at least a portion of the piece of tissue with

the liquid jet.

101. The method of claim 100, wherein all of the steps of the method are performed without

removing the surgical instrument from the surgical site.

102. The method of claim 101, wherein the surgical instrument is selected from at least one
of the group consisting of: a curette, a rongeur, a bone punch, bone-cutting forceps, a
morcellator, and a surgical micrograsper. |

103.  The method of claim 101, wherein the surgical instrument comprises a curette.

104. The method of claim 101, wherein the surgical instrument comprises a rongeur.

105.  The method of claim 91, wherein the surgical site comprises the spine of the patient.

106. The method of claim 91, wherein the non-liquid jet tissue-cutting component of the

surgical instrument comprises a mechanical cutter.

107.  The method of claim 91, wherein the surgical instrument is selected from at least one of
the group consisting of: a curette, a rongeur, a bone punch, bone-cutting forceps, a
morcellator, and a surgical micrograsper.

108. The method of claim 91, wherein the surgical instrument comprises a curette.

109. The method of claim 91, wherein the surgical instrument comprises a rongeur.

110. A method of performing a surgical procedure on a patient comprising:

applying a surgical instrument comprising a liquid jet to the spine of the patient; and

excising tissue from the spine of the patient with the surgical instrument.
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111.  The method of claim 110, wherein the surgical instrument is selected from at least one
of the group consisting of: a curette, a rongeur, a bone punch, bone-cutting forceps, a

morcellator, and a surgical micrograsper.
112. The method of claim 110, wherein the surgical instrument comprises a curette.
113.  The method of claim 110, wherein the surgical instrument comprises a rongeur.

114.  The method of claim 110, further comprising:

contacting at least a portion of the tissue with the liquid jet; and

facilitating removal from the spine of at least a portion of the tissue excised in the
excising step with the liquid jet by driving the tissue through an evacuation lumen from a distal
end of the instrument towards a proximal end of the instrument and away from the spine with

the liquid jet.
115. The method of claim 114, wherein the contacting step occurs after the excising step.

116.  The method of claim 114, wherein the contacting step and the excising step occur

essentially simultaneously.

117. A surgical instrument comprising:
a curette device comprising: a nozzle that is shaped to form a liquid jet and a pressure

lumen configured and positioned to convey a flow of liquid to the nozzle.

118. The surgical instrument of claim 117, wherein the curette device further comprises:

an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receive at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the

jet-receiving opening.

119. The surgical instrument of claim 118, wherein the curette device further comprises
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a tissue receptacle at its distal end that is shaped and configured to contain therein a
tissue of a patient when the curette is utilized by an operator for excising tissue from a surgical

site of the patient.

120.  The surgical instrument of claim 119, wherein the nozzle is positioned, during
operation of the instrument, to direct the liquid jet so as to contact tissue contained within the

tissue receptacle during operation.

121.  The surgical instrument of claim 120, wherein the tissue receptacle includes a

sharpened, tissue-excising peripheral rim.

122. The surgical instrument of claim 120, wherein the tissue receptacle includes a non-
sharpened peripheral rim and wherein the receptacle and nozzle are configured to draw tissue
into the receptacle upon formation of the liquid jet by the nozzle, and to excise tissue from the

patient by cutting it with the liquid jet.

123.  The surgical instrument of claim 120, wherein the evacuation lumen is shaped and
positioned to enable it to remove at least a portion of tissue contained within the tissue

receptacle during operation.

124.  The surgical instrument of claim 123, wherein the evacuation lumen is shaped and
positionable to enable evacuation of essentially all of the liquid comprising the liquid jet from
the jet-receiving opening to a proximal end of the instrument, without the need for an external

source of suction.

125. A method of performing a surgical procedure on a patient comprising:
applying a curette to a surgical site of the patient; and

creating a liquid jet associated with the curette.

126. The method of claim 125, further comprising:

excising tissue from the patient with the curette.
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127. The method of claim 126, wherein the tissue is excised from the patient by cutting the
tissue from the body of the patient with a cutting blade.

128.  The method of claim 126, wherein the tissue is excised from the patient by cutting the
tissue from the body of the patient with the liquid jet.

129. The method of claim 126, further comprising:

impacting tissue excised in the excising step with the liquid jet.

130. The method of claim 129, wherein during the impacting step, at least a portion of tissue

excised in the excising step is fragmented and/or disaggregated by the liquid jet.

131.  The method of claim 129, further comprising:
facilitating removal from the surgical site of at least a portion of tissue excised in the

excising step with the liquid jet.

132. The method of claim 131, wherein the facilitating removal step comprises driving the

tissue away from the surgical site towards a proximal end of the curette through an evacuation
lumen of the curette, which is configured and positioned within the curette to receive at least a
portion of the liquid jet and convey liquid comprising the liquid jet proximally and away from

the surgical site.

133. A surgical instrument comprising:

a distal end of the instrument adapted to perform a surgical procedure on a patient and
comprising a tissue manipulating component configured and positioned to manipulate a tissue
of the patient;

a proximal end of the instrument having at least a portion thereof configured to be
grasped and/or manipulated by an operator, said portion of the proximal end being operatively
coupled to the tissue manipulating component of the distal end to facilitate control and
actuation of the tissue manipulating component from a non-manipulating configuration to a
manipulating configuration by manipulation of said portion of the proximal end by the

operator;
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a nozzle that is shaped to form a liquid jet; and

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle,
wherein

the nozzle is constructed positioned, during operation of the instrument, to direct the
liquid jet to fragment and/or disaggregate and/or cut of at least some tissue manipulated by the

manipulating component.

134. The surgical instrument of claim 133, wherein
the nozzle is positioned at the distal end of the instrument and is constructed positioned,
during operation of the instrument, to direct the liquid jet so that it impacts tissue manipulated

by the manipulating component.

135.  The surgical instrument of claim 134, further comprising:

an evacuation lumen comprising a jet-receiving opening locatable opposite the nozzle
to receive at least a portion of the liquid jet emitted from the nozzle, when the instrument is in
operation, and which is configured and positioned to convey a flow of liquid away from the

jet-receiving opening.

136. The surgical instrument of claim 135, wherein the evacuation lumen is shaped
and positioned to enable it to remove from a surgical site of the patient at least a portion of

tissue manipulated by the manipulating component.

137. The surgical instrument of claim 135, wherein the evacuation lumen is shaped
and positionable to enable evacuation of essentially all of the liquid comprising the liquid jet
from the jet-receiving opening to the proximal end of the instrument, without the need for an

external source of suction.

138.  The surgical instrument of claim 133, wherein

the surgical instrument comprises a liquid jet-driven rotor operatively coupled to a
rotatable tissue contacting component located at the distal end of the instrument, the rotatable
tissue contacting component being configured to fragment and/or disaggregate and/or cut

tissue upon rotation, and wherein
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the nozzle is constructed positioned to direct, during operation of the instrument, the
liquid jet to impact the liquid jet-driven rotor and drive rotation of the rotatable tissue

contacting component.

139. The surgical instrument of claim 138, wherein the rotatable tissue contacting
component comprises the tissue manipulating component configured and positioned to

manipulate a tissue of the patient at the distal end of the instrument.

140. The surgical instrument of claim 139., wherein the rotatable tissue contacting

component comprises a grinding burr.

141.  The surgical instrument of claim 133, wherein the tissue manipulating component

comprises a non-liquid jet tissue cutting component.

142.  The surgical instrument of claim 141, wherein the tissue manipulating component is
selected from at least one of the group consisting of: a cutting blade; a grinding burr, a

sharpened curette cup; and a punch.

143.  The surgical instrument of claim 133, wherein the tissue manipulating component is

selected from at least one of the group selected from: forceps, clamps, and graspers.

144. A surgical instrument comprising:

a distal end adapted to perform a surgical procedure on a patient and a proximal end
adapted to facilitate control of the instrument by an operator;

a rotatable tissue-contacting component constructed and arranged for contact with
tissue in a surgical operating field and located at the distal end;

a nozzle that is shaped to form a liquid jet;

a pressure lumen configured and positioned to convey a flow of liquid to the nozzle;

a liquid jet-driven rotor configured and positioned with respect to the nozzle to be
drivable in rotation by the liquid jet formed by the nozzle and operatively coupled to the

rotatable tissue-contacting component, when the instrument is in operation, such that rotation
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of the liquid jet-driven rotor causes rotation of the rotatable tissue-contacting component,
wherein

at least one of the rotatable tissue-contacting component and a distal-most end of the
surgical instrument is longitudinally movable relative to the other upon manipulation of at least

a portion of the proximal end of the instrument by the operator.

145. The surgical instrument of claim 144, further comprising a rotatable shaft that is
operatively coupled, at a proximally located portion thereof, to the liquid jet-driven rotor and

that carries the rotatable tissue contacting component at its distal end.

146. The surgical instrument of claim 145, wherein the surgical instrument is configured to

be connectable to a source of external suction.

147.  The surgical instrument of claim 146, further comprising a suction passage having a
proximal end configured to be connectable to the external source of suction and a distal end in
fluid communication with a suction inlet opening located at the distal end of the instrument,
which suction inlet opening is sized and positioned to enable evacuation of tissue debris from a

surgical site, when the instrument is in operation.

148  The surgical instrument of claim 147, wherein the suction passage comprises a lumen

defined by a hollow shaft comprising the rotatable shaft.

149.  The surgical instrument of claim 145, wherein the rotatable shaft is directly connected
to the liquid jet-driven rotor so that the rotor and shaft rotate at the same rotational speed, when

the rotor is driven in rotation by the liquid jet formed by the nozzle.

150. The surgical instrument of claim 144, wherein the rotatable tissue-contacting

component comprises a tissue-cutting component.

151. The surgical instrument of claim 144, wherein the rotatable tissue-contacting comprises

a grinding burr.
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