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ABSTRACT

A tissue cutting device is proposed that comprises a slidable cutting member and a stationary base
member. The slidable cutting member is defined by an open distal end and an open proximal end.
The slidable cutting member is operatively connected to an actuator assembly. The stationary base
member has an upwardly extending footplate disposed on a distal end thereof. The slidable cutting
member is configured for reciprocating movement with respect to the stationary base member. A
distal end of the slidable cutting member and the foot plate cooperates to define a tissue receiving
opening. A vacuum source is operatively connected to a proximal end of the cutting member so as to
deliver vacuum through the cutting member. This configuration allows multiple tissue samples to be
taken with a single insertion, thereby minimising tissue removal time and trauma to the patient. The

footplate may further include a textured surface to assist in retaining tissue to be severed.
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TISSUE CUTTING DEVICE

This application claims divisional status from Australian Patent Application

No. 2011212811, the disclosure of which is incorporated herein by reference.

TECHNICAL FIELD
[0001] The present disclosure relates to a tissue cutting device.
BACKGROUND
[0002] Various abnormalities of the neurological system, such as brain and spinal

tumors, cysts, lesions, or neural hematomas, can cause severe health risks to patients afflicted
by them, including deterioration in motor skills, nausea or vomiting, memory or
communication problems, behavioral changes, headaches, or seizures. In certain cases,
resection of abnormal tissue masses is required. However, given the complexity and
importance of the neurological system, such neurosurgical procedures are extremely delicate

and must be executed with great precision and care.

[0003] There a several different types of procedures that may be used to resect brain
and spine tissue. One such procedure is open transcranial surgery; another is endonasal
neurosurgery, whereby the neurosurgical procedure is conducted through the nose. Each
procedure has its own advantages, depending on where an abnormality is located. For
abnormalities associated with the pituitary gland, for example, an endonasal approach is

particularly useful.

[0004] Punch type forceps, referred to as rongeurs or Kerrison type cutters, have been
employed in a variety of medical procedures that call for excising tissue and even bony
material. Know punch devices include a slidable blade member that simply moves against a
wall member so as to pinch a portion of the tissue therebetween. The slidable blade and wall
member effectively grips and then tears the tissue from its substrate. However, due to the
size constraints of the operating passage, the punch device must be small enough to be
received within the passage and accordingly, only a limited amount of tissue may be removed
with each sliding movement of the blade. Thus, after each punch operation, the punch device
must be removed from the passageway to remove the torn tissue from the punch device.
Accordingly, multiple insertions must be made of the punch device (and multiple tissue

removal operations) to clear the passageway, lengthening the procedure and causing
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increased trauma to the patient, as well as increase bleeding in the passageway. Further, to
clear the bleeding, insertion of separate suction device is necessary, even further lengthening

the procedure.

[0005] Further, in known punch devices, a proximal end of a hollow tube is
connected to hand grips that are squeezed together to move the punch against the footplate.
In operation, when the hand grip is not actuated, a gap is formed between the footplate and
the cutter. Tissue and/or bony material enters the gap and the hand grips are actuated to
move the cutter against the footplate, thereby grasping and/or severing tissue and/or bone

material that is positioned in the gap.

[0006] The foot plate in most prior art designs are configured such that the foot plate
includes either a 40° angle or a 90° angle. These designs were created to address a variety of
clinical needs and challenges associated with accessing tissue to enable effective cutting of
tissue. For example, the 40° angle foot plate is most prominently used because it affords the
ability to get under a tissue surface. More specifically, the foot plate is used as a shovel.
However, gristle tissue, harder bone, and even softer tissue may slip out of the gap between

the foot plate and the cutter, and off the foot plate, as the cutter is advanced towards the foot

plate.

SUMMARY
[0007] According to the present invention there is provided a tissue cutting device,
comprising:

an outer cannula configured for selective reciprocation and rotation, the outer cannula
defined by a distal end and a proximal end;

an axially fixed inner member disposed within the outer cannula, the inner member
defined by a distal end and a proximal end;

a housing that carries a hub member wherein a portion of the inner member is fixedly
secured to the hub member;

an actuation assembly operatively connected to the outer cannula, wherein actuation
of the actuation assembly causes outer cannula to reciprocate over the inner member; and

a vacuum source configured to deliver vacuum to a distal end of the device.

[0007a] In one embodiment a tissue cutting device is proposed that comprises a
slidable cutting member and a stationary base member. The slidable cutting member is

defined by an open distal end and an open proximal end. The slidable cutting member is
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operatively connected to an actuator assembly. The stationary base member has an upwardly
cxtending footplate disposcd on a distal end thereof. The slidablc cutting member is
configured for reciprocating movement with respect to the stationary base member. A distal
end of the slidable cutting member and the foot plate cooperates to define a tissue receiving
opening. A vacuum source is operatively connected to a proximal end of the cutting member
s0 as to deliver vacuum through the cutting member. This configuration allows multiple
tissue samples to be taken with a single insertion, thereby minimizing tissue removal time
and trauma to the patient.

[0008] In another configuration, the base member further comprises an irrigation
channel that extends from a proximal end of the base member to a distal end of the basc
member. The irrigation channel is operatively connected to an irrigation source at the
proximal end.

{0009] In another configuration, the tissue cutting device further comprises a cutting
surface channel in communication with the irrigation channel and with an opening formed
through the footplate.

[0010] In another configuration the footplate defines a contact surface that is
configured with a textured surface that serves as a grip to operatively retain material to be cut
when the cutting member is moved toward the footplate. The textured surface is configured
as one of the following: at least one serration that defines at least one extending peak or
valley, at least one groove, and a waffle pattern that is defined by a plurality of first and
second proximally extending intersecting contact edges. A coarse grit coating is applied to
the contact surface.

[0011] Thc actuation assembly of the tissuc cutting device may include first and
second gripping members wherein one of the gripping members has an end that is pivotally

connected to a sleeve, and wherein the sleeve is fixedly connected to the cutting member.
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{0012] The tissue cutting device may further include a vent aperture formed through a
sidewall of the cutting member and a scaling sleeve that is fixed to the basc member. The
vent aperture is unblocked when the cutting member is in an open position so as to expose the
tissue receiving opening and the vent aperture is blocked when the cutting member is in a
closed position so as to close off the tissue receiving opening.

[0013] In yet another embodiment, a tissuc cutting device comprises a selectively
rotatable outer cannula defined by a distal end and a proximal end, a selectively reciprocating
inner cannula disposed within the outer cannula. The inner cannula is defined by a distal end
and a proximal end.

A housing carries a hub member, wherein a portion of the outer cannula is fixcdly sccured to
the hub member. An actuation assembly is operatively connected to the inner cannula,
wherein actuation of the actuation assembly causes the inner cannula to reciprocate within the
outer cannula. A vacuum source is operatively connected to the inner cannula.

[0015] The tissuc cutting device may further comprise a shuttle member with a carricr
member. The shuttle member is connected to the actuation assembly and the carrier member
is operatively connected to the inner cannula such that actuation of the actuation assembly
moves the inner cannula. A biasing member may be operatively connected to the shuttle
member. The biasing member bias the inner cannula into a retracted position by which the
distal cnd of the inner cannula is moved away from the distal end of the outer cannula.

[0016] The tissue cutting device may further include a mounting sleeve that is fixedly
secured to the carrier member. The inner cannula is fixedly secured to the mounting sleeve
such that the inner cannula moves with the shuttle member. The mounting slecve further
comprises an elongated section and a mounting section. The mounting scction hasg flange
members that are positioned on either side of the carrier member. The elongated section of

the mounting sleeve may further comprise a vent aperture that cxtends through the inner
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cannula. A mating sleeve that receives the elongated section of the mounting sleeve may also
be provided. The mating sleeve serves to close the vent aperture when the inner cannula is in
a cutting position.

[0017] The tissue cutting device may further comprise an irrigation port formed
through the housing, the irrigation port being operatively connected an irrigation supply so as
to deliver irrigation between a gap formed between the inner cannula and the outer cannula.
[0018] The tissue cutting device may further comprising a rotation dial, wherein the
rotation dial is fixedly secured to the hub member such that when the rotation dial is actuated,
the hub member rotates.

[0019] The outer cannula may include a footplate that defincs a contact surfacc that is
configured with a textured surface that serves as a grip to operatively retain material to be cut
when the inner cannula is moved toward the footplate. The textured surface may be
configured as one of the following: at least one serration that defines at least one extending
peak or valley, at least one groove; and a waffle pattern that is defined by a plurality of first
and second proximally extending intersecting contact edges. A coarse grit coating may also
be applied to the contact surface and/or the texture surface.

[0020] In yet another embodiment, a tissue cutting device comprises a selectively
reciprocating outer cannula defined by a distal end and a proximal end; an axially fixed inner
member disposed within the outer cannula, the inner member defined by a distal end and a
proximal end; a housing that carries a hub member wherein a portion of the inner member is
fixedly secured to the hub member; an actuation assembly operatively connected to the outer
cannula, whercin actuation of the actuation assembly causes outer cannula to reciprocate over
the inner member; and a vacuum source configured to deliver vacuum to a distal end of the

device.
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[0021] The tissue cutting device may further comprise a shuttle member with a carrier
member. The shuttle member is connected to the actuation assembly and the carricr member
is operatively connected to the outer cannula such that actuation of the actuation assembly
reciprocates the outer cannula. A biasing member may be operatively connected to the
shuttle member, wherein the biasing member biases the outer cannula into a retracted position
by which the distal end of the outer cannula is moved away from the distal end of the inner
member.

[0022] A mounting sleeve may be provided, wherein the mounting sleeve is mounted
on the carrier member and the outer cannula is fixedly secured to the mounting sleeve such
that the outer cannula moves with the shuttle member.

[0023] A rotation dial is fixedly attached to the mounting sleeve such that when the
rotation dial is actuated, the mounting sleeve rotates.

[0024] In yet another embodiment, the outer cannula may further comprise a vent
aperture extending through a sidewall thereof and a scaling member configured to scal the
vent aperture when the distal end of the outer cannula is moved toward the distal end of the
inner member. The sealing member may be carried by a sealing end of the mounting flange
that is positioned proximally of the vent aperture. The vent aperture is sealed when the
sealing end is received within a chamber formed in the housing.

10025] In yet another embodiment, the hub member further comprises an irrigation
aperture that is in communication with an itrigation port formed through the housing. The
irrigation aperture delivers irrigation to a channel formed between the inner member and the
outer cannula. An irrigation opening may be formed through the distal cnd of the inncr
member.

[0026] In one arrangement, the inner member further comprises a grooved surface

and opposing bearing surfaces. The groove surface cooperates with an inner lumen of the
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outer cannula to define an irrigation channel. The bearing surfaces are generally configured

to correspond to the shape of the inner lumen.

[0027] In another embodiment, the inner member further comprises a tissue receiving
opening disposed adjacent the distal end thereof and an irrigation supply tube positioned

within the inner member.

[0028] A contact surface of the tissue cutting device may be configured with a
textured surface that serves as a grip to operatively retain material to be cut when the outer
cannula is moved toward the footplate of the inner member. The textured surface may be
configured as one of the following: at least one serration that defines at least one extending
peak or valley, at least one groove; and a waffle pattern that is defined by a plurality of first
and second proximally extending intersecting contact edges. A coarse grit coating may also

be applied to the contact surface and/or the texture surface.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] Exemplary embodiments of the present disclosure will now be described in
greater detail with reference to the attached figures, provided by way of example only in

which:
[0030] FIG. 1A is a side elevational view of an irrigating suction device.

[0031] FIG. 1B is a cross-sectional view of the irrigating suction device of FIG. 1A
taken along lines 3B-3B.

[0032] FIG. 2A is a cross-sectional view of an alternative embodiment of an irrigating

suction device.

[0033] FIG. 2B is a cross-sectional view of the irrigating suction device of FIG. 2A
taken along lines 2B-2B.

[0034] FIG. 3A is a side view of an alternative embodiment of an irrigating suction

device.
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[0035] FIG.

3B is a partial cross-sectional view of an actuating portion of the

irrigating suction device of 3A.

[0036] FIG.

3C is another partial cross-sectional view of the actuating portion of the

irrigating suction device of FIG. 3A.

[0037] FIG.
[0038] FIG.
[0039] FIG.
[0040] FIG.
in FIG. 3E.

[0041] FIG.

suction device.

[0042] FIG.

10043] FIG.

[0044] FIG.

[0045] FIG.

[0046] FIG.

[0047] FIG.

[0048] FIG.

FIG. 4G.

3D is an end view of area 3D from FIG. 3C.

3E is an enlarged view of arca 3E taken from FIG. 3A.

3F is an end view of a foot plate taken along lines 3F-3F in FIG. 3E.

3G is an alternative cmbodiment of the foot plate taken along lines 3F-3F

4A is a perspective view of an alternative embodiment of an irrigating

4B is an enlarged side view of area 4B from FIG. 4A.

4C is top view of a distal end of the irrigating suction device of FIG. 4A.

4D is a cross-sectional view of the irrigating suction device of FI1G. 4A.

4E is an enlarged cross-sectional view of area 4E from FIG. 4D.

4F is an enlarged cross-sectional view of area 4F from FIG. 4D.

4G is an enlarged cross-sectional view of area 4G from FIG. 4D.

4H is a cross-sectional view of an inner blade taken along lines 4H-4H in



09 Apr 2013

2013203053

9
{0049] FIG. 41 is a partial cross-sectional view of a distal end of an alternative
arrangement of an irrigation suction punch.
[0050] FIG. 4] is a cross-sectional view of the distal end taken along lines 4J-4] of
FIG. 41.
[0051] FIG. 4K is a partial cross-scctional view of an alternative arrangement of a
saline hub.
[0052] FIG. 4L is a partial cross-sectional view of an alternative configuration for a

distal end of the irrigation suction punch such as that illustrated in cither FIGS. 4A-4H or

FIGS. 41-4K.
[0053] FIG. 4M is an end view of a foot plate taken along lines 4M-4M in FIG. 4L.

[0054] FIG. 4N is an alternative embodiment of the foot plate taken along lines 4N-

4N in FIG. 4L.

[0055] FIG. SA is partial cross-sectional view of an alternative configuration for a

distal end of the irrigation suction punch such as that illustrated in cither FIGS. 4A-4H or

FIGS. 4I-4K.
[0056] FIG. 5B is an end view of the foot plate taken along lines 5B-5B in FIG. 5A.
[0057] FIG. 6A is a partial cross-sectional view of an alternative configuration for a

distal end of the irrigation suction punch, as that illustrated in either FIGS. 4A-4H or FIGS.

41-4K.

[0058] FIG. 6B is an end view of the foot plate taken along lines 6B-6B in FIG. 6A.
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[0059] FIG. 7A is a partial cross sectional view of an alternative configuration for a

distal end of the irrigation suction punch such as that illustrated in cither FIGS. 4A-4H or

FIGS. 41-4K.

[0060] FIG. 7B is an end view of the foot plate taken along lines 7B-7B in F1G. 7A.
DETAILED DESCRIPTION

[0061] Referring now to the discussion that follows and also to the drawings,

illustrative approaches to the disclosed systems and methods are shown in detail. Although
the drawings represent some possible approaches, the drawings are not necessarily to scale
and certain features may be cxaggerated, removed, or partially sectioned to better illustrate
and explain the present disclosure. Further, the descriptions set forth herein are not intended
to be exhaustive or otherwise limit or restrict the claims to the precise forms and

configurations shown in the drawings and disclosed in the following detailed description.

[0062] Described herein is a method of tissue resection, as well as various
components of a device used in same. The components disclosed herein provide surgeons
with an enhanced ability to minimize trauma to the patient, while providing effective and

efficient minimally invasive surgical techniques.

[0063] Referring to FIGS. 1A-1B, a first embodiment of a suction punch 200 is
provided. A first embodiment of a suction punch 200 includes a base member 202 and a
selectively slidable cutting member 204 that slides on base member 202. A distal end 206 of
suction punch 200 extends upwardly from basc member 202 and forms a foot plate that

defines a cutting surface 208.
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[0064] Suction punch 200 further comprises an actuator assembly 210. Actuator
assembly 210 comprises a first gripping member 212 and a second gripping member 214.
First gripping member 212 includes a first end 216 that is pivotally connected to a sleeve 218.
A second end 220 of the first gripping member 212 may be configured as a gripping member
with an opening 222 for receiving a finger or thumb. Second gripping member 214 includes
a first end 224 that is fixedly connected to base member 202. A sccond end 226 of the
second gripping member 214 may also be configured as a gripping member with an opening

228.

[0065] Slidable cutting member 204 is defined by an open distal end 230 and an open
proximal end 232. Slidable cutting member 204 is moveable between an open position and a
cutting position. In the open position, distal end 230 is spaced away from cutting surface 208
to create a tissue receiving opening 233, as seen in FIG. 1A. In the cutting position, distal
end 230 is slid into contact with cutting surface 208, thereby cffectively closing tissue
receiving opening 233 and cutting tissue that prolapses within tissue receiving opening 233

(to be explained below).

[0066] Distal end 230 is configured with a cutting edge sufficiently sharp to sever
tissue, as will be cxplained in further detail below. Proximal end 232 is configurcd to receive
a fitting (not shown) that is attached to a tubing line (not shown) that is operatively connected
to a vacuum source. Accordingly, vacuum is delivered through cutting member 204
(indicated by arrow V) during operation of suction punch 200. Sleeve 218 is fixedly

connected to cutting member 204 adjacent proximal end 232.

[0067] In operation, distal end 206 of suction punch 200 is inserted into the patient
positioned adjacent tissue of interest. To insure proper placement of suction punch 200,

suction punch 200 may be placed in the closed position prior to insertion (so as not to drag or
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snag tissue on cutting surface 208). While being inserted, the vacuum source is on, but may
be vented to atmosphere to also prevent tissue from being pulled into suction punch 200 until
properly positioned. To permit venting, an aperture 233 (show in phantom) may be formed
through a sidewall of cutting member 204. When suction punch 200 is in the open position,
the aperture is unblocked, to permit venting of the device. When suction punch 200 is in the
closed position, aperture 233 is scaled off, thercby retaining vacuum. In one excmplary
embodiment, a sealing sleeve 235 may be provided, whereby the sealing sleeve 235 (shown
in phantom) is fixedly connected to base 202 and cutting member 204 is configured to slide
therethrough. As cutting member 204 moves distally, aperture 233 slides into sealing sleeve
235, which may include a pair of seals, such as O’rings, at cither cnd thercof. Onec received
therein, aperture 235 is effectively sealed and vacuum is restored to suction drive 200. Other
configurations to provide selective venting is also contemplated. Ongce positioned, the
vacuum is restored (by closing off the vent) and the suction punch 200 is placed in the open
position. The vacuum source mechanically draws tissue into the tissue rcceiving opening
233, Next, the first gripping member 212 is actuated towards the second gripping member
214, as indicated by arrow F. This action causes cutting member 204 to slide along the base
member 202 such that distal end 230 of cutting member 204 moves toward cutting surface
208 as indicated by arrow C. In one exemplary embodiment, cutting surface 208 is provided
with a cutting lip 236 that cooperates with the cutting edge formed on distal cnd 230 of

cutting member 204 to cleanly sever tissue.

[0068] Because suction device 200 is configured to deliver vacuum to tissue receiving
opening 233, each manual cutting action automatically delivers the severed portions of the
tissuc (such as turbinates 12 for an endonasal approach) away from the patient. In onc

cmbodiment, a tissue filter (not shown) may be provided for retaining the severed portions of
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tissue. The tissue filter may be directly attached to the proximal end 232 of suction device
200. Alternatively, the tissuc filter may be positioned remotely and operatively connected to

the suction device 200 by tubing.

[0069] Unlike prior art punch devices, such as the Kerrison punch, only a single
insertion of suction device 200 is required to sever any tissue in the desired pathway. Indeed,
multiple tissue cutting actions can be accomplished with a single insertion. Thus, suction

device 200 permits a speedier procedure, as well as less trauma to the patient.

[0070}] To prevent tissue from occluding suction device 200, base member 202 may
further be provided with an irrigation channel 238. Irrigation channel 238 extends from an
open proximal end 240 of base member 240. Proximal end 240 may be configured to receive
a fitting that is connected to an irrigation supply by tubing (not shown). A suitable irrigation

supply may includc saline or ringers.

[0071] Irrigation channel 238 further comprises a distal end 242 that adjoins an
elongated mating channel 244 (best scen in phantom in FIG. 1B) formed adjacent cutting
surface 208 in distal end 206 of suction device 200. Mating channel 244 is in communication

with an opening 246 that extends through cutting surface 208.

[0072] In operation, irrigation is provided through irrigation channel 238 and
delivered to tissue receiving opening 233. As the tissue is being severed, irrigation is being
delivered to the tissue removed from the patient’s body, lubricating the tissuc and scrving as a
flushing mechanism to deliver tissue through suction punch 200 and prevent occlusion.
Further, as discussed above, vacuum may also be applied to flush the irrigation fluid out of

patient as suction device 200 operates.
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[0073] Components of an alternative arrangement of a base member 302 of a suction
punch 300 is shown in FIGS. 3A — 3B. FIG. 3A is a cross-scctional view of base member
302. As may be seen, base member 302 is connected to a distal end 306 of suction punch
300, which defines a foot plate that may serve as a cutting surface 308. A cutting lip 336

may also be provided on cutting surface 308.

[0074] Like suction punch 200, basc member 302 of suction punch 300 includes an
irrigation channel that extends from a proximal end 334 along the length of base member 302
to a distal end 342. At proximal end 334, irrigation channel 302 is operatively connected to
an irrigation supply, as described above in connection with suction punch 200. At distal end
342, irrigation channel connects to a groove 344 that adjoins an opening 346 formed at a base
347 of cutting surface 308. Thus, in operation, irrigation fluid may be supplied to base 347 of

cutting surface 308.

[0075] Yet another alternative embodiment of a suction punch 400 is shown in FIGS.
3A-5G. Suction punch 400 includes an outer cannula 402 defined by a distal end 404 and a
proximal end 406 (seen best in FIG. 3C), which is seated within a housing member 408 (to be
explained in further detail below). A tissue receiving opening 410 is formed in outer cannula
402 adjacent distal end 404. Outer cannula 402 is configured for sclective rotational
movement. More specifically, a rotation dial 412 is fixedly secured to an outer surface of
outer cannula 402. In one particular embodiment, a glue interference is used to fix rotation
dial 412 to outer cannula 402. As rotation dial 412 is rotated, tissue receiving opening 410 1s
also rotated, thereby allowing for easy manipulation of suction punch 400 during procedures.
Formed at distal end 404 of outer cannula 402, distally of tissue receiving opening 410, is a

cutting surface or foot plate 414.
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[0076] Referring to FIG. 3C, disposed within outer cannula 402 is an inner cutting
cannula 416. Inner cutting cannula 416 includes a cutting cdge 418 disposed on a distal end
420 thereof. Cutting edge 418 cooperates with a distal edge 422 of tissue receiving opening
410 to sever tissue that is received within tissue receiving opening 410. A proximal end 424
of inner cutting cannula 416 is disposed in a fitting barb 426, to which a vacuum line 428 is
operatively connected. Inner cutting cannula 416 is slidably seated within housing member
408. TIn other words, inner cutting cannula 416 is configured to selectively slide or
reciprocate within outer cannula 402 during operation. However, inner cutting cannula 416 is
also rotationally fixed with respect to outer cannula 402 such that rotation of rotation dial 412

also scrvers to rotate inner cutting cannula 416 with outer cannula 402.

[0077] Housing member 408 is mounted to an actuation member 430. Actuation
member 430 comprises a first handle device 432 and a second handle device 434. First
handle device 432 is fixedly connected to a shuttle housing 436. In onc cxemplary
configuration, shuttle housing 436 is integrally formed with first handle device 432. First

handle device 432 may further be configured with a thumb grip 438 for ease of use.

[0078] Second handle device 434 is pivotally connected to shuttle housing 436.
Referring to FIG. 3B, a first end 440 is of second handle device 434 is received within a slot
442 that is formed within a selectively slidable shuttle member 444 that is disposed within
shuttle housing 436. Second handle device 434 may be configured with gripping members

446 and 448 for ease of use.

[0079] Shuttle member 444 is mounted on a rod 450 (best seen in FIG. 3C) disposed
in shuttle housing 436. Rod 450 is defined by a distal end 452 and a proximal end 454.
Distal end 452 is fixedly secured to a distal face 456 of shuttle housing 436. Proximal end

454 is fixedly secured to a proximal face 458 of shuttle housing 436. A biasing member 460
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is positioned on rod 450 distally of shuttle 444, so as to abut distal face 456 and a distal end
of shuttle 444. Biasing member 460 (which may be a coil spring) serves to bias shuttle 444
into a retracted position, away from distal face 456. In one exemplary arrangement, a stop
member 462 is secured to proximal end 454 of rod 450. Stop member 462 limits the distance
that shuttle 444 may be retracted by biasing member 460. In one exemplary arrangement,

actuation member 430 may be configured as a re-uscable element.

[0080] Carried by, and fixedly secured to shuttle 444 is a carrier member 464. An
end view of carrier member 464 is provided in FIG. 3D. Carrier member 464 includes
upwardly extending wall members 466 that flank a mounting groove 468. Carrier member

464 extends upwardly from shuttle housing 436.

{0081] Housing member 408 is secured to shuttle housing 436. In one exemplary
arrangement, housing member 408 includes a locking tab 470 that extends downwardly from
housing member 408 and engages with a mounting groove 472 formed on a distal face 456 of
shuttle housing 436. A proximal end 474 of housing member 408 may further include a
downwardly extending wall member 476 that carries a snap protrusion 478 to grip a portion

of the shuttle housing 436 (see FIG. 4B).

[0082] Disposed within housing member 408 is mounting sleeve 480. Mounting
sleeve 480 comprises an elongated section 482 that is connected to a mounting section 484.
Disposed on either side of mounting section 484 are flange members 486. Mounting section
484 is received within mounting groove 468 carricr member 464. A distal end 488 of
clongated section 482 is slidably received within a channcl 485 formed in a mating slecve
487. Mounting sleeve 480 is fixed secured to an outside surface of inner cutting cannula 416.
To insure that inner cutting cannula 416 rotates with outer cannula 402, clongated section 482

is provided with a keyed surface that mates with a corresponding keyed surface formed in
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channel 484 (not shown). Thus, inner cutting cannula 416 may still selectively slide within
channcl 484 (and ultimately outer cannula 402), but not rotate independently of mating slecve

487.

[0083] An internal hub member 490 is provided within housing member 408. Hub
member 490 has a first end fixed to rotary dial 412 and a second end fixed to mating sleeve

487. Proximal end 406 of outer cannula 402 is secured in hub member 490.

[0084] Formed through housing member 408 is an irrigation port 492 that is in
communication with an opening 494 in the hub member 490. In operation, irrigation (such as
warm water, saline or ringers) enters into housing member 408 and into hub member 490 to
deliver irrigation within the space between the inner cutting cannula 416 and the outer
cannula 402. Sealing members (not shown), such as O-rings, may be disposed in grooves
496 disposed on cither side of opening 494 to insure that the irrigation is directed between

outer cannula 402 and inner cutting cannula 416.

[0085] Disposed at the proximal end of suction punch 400 is a fitting member 498
that is disposed in a fitting housing 499. The fitting member 498 carries fitting barb 424 and
is configured with mounting grooves 500 that receive seal members (not shown). As
discussed above, a vacuum line 428 is connected to the fitting barb 424 to deliver vacuum to
inner cutting cannula 416. The scal members that are disposed in grooves 500 serve to insure

that the vacuum is delivered to the inner cutting cannula 416.

[0086] Inner cannula 416 may also be provided with a vent aperture 501 to provide
selective venting of suction device 400. When inner cannula 416 is retracted from tissue
receiving opening 410 (as shown in FIG. 3C), vent aperture 501 is opened. However, when

inner cannula 416 is in a cutting position (i.c., when distal end 418 is contacting cutting
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surface 422), vent aperture 501 becomes sealed off. More specifically, in one exemplary
mounting slecve 480 i8s moved out of channcl 485 of mating slceve 487, at lcast cnough to
expose venting aperture 501 that extends through both mounting sleeve 480 and inner
cannula 416. When inner cannula 416 is advanced during the cutting stroke, venting aperture
501 is received with mating sleeve 487, distally of a sealing member (not shown) disposed in
mounting grooves 503. In this configuration full vacuum is delivered through inner cannula

416.

[0087] During operation of suction device 400, second handle device 434 is retracted
towards first handle device 432. This action causcs shuttlc 444 to move forward, against
biasing member 460. As shuttle 444 moves forward, carrier member 464 pushes against one
of the flanges 486 of mounting sleeve 480. As mounting sleeve 480 is fixedly secured to an
outer surface of inner cutting cannula 416, inner cutting cannula 416 is advanced distally
within outer cannula 402 toward tissuc receiving opening 410, until distal end 420 of inner
cutting cannula 416 contacts foot plate 414 of outer cannula 402, thereby severing tissue that
is disposed with tissue receiving opening 410. Repeated retraction and releasing of second

handle device 434 results in repeated cutting action.

[0088] As discussed above, to facilitate severing of tissuc, vacuum is delivered to
inner cutting cannula 416 through vacuum line 428. The vacuum serves to draw tissue into
tissue receiving opening 410, as well as removing cut tissue from tissue receiving opening
410 to a collection chamber (not shown) attached to vacuum line 428. Continuous vacuum
permits multiple severing actions to be employed with a single insertion. However, delivery
of continuous vacuum may be controlled by the action of the cutting cannula. Morc
specifically, the action of the inner cutting cannula provides for a venting action that relieves

vacuum. As such, the device is particularly useful in navigating near and around critical
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structures within the patient so as not to inadvertently remove such structures during
procedures. In addition, by providing the capability of multiple severing actions, procedure

time may be reduced.

[0089] To alleviate removed tissue occluding the aspiration pathway during the
cutting action, irrigation may be provided via an irrigation port 492 that is connected to an
irrigation supply by an irrigation line 493, betwcen the inner cutting cannula 416 and the
outer cannula 402. The irrigation fluid, which may be warm water, saline, lactated ringers, or
solutions intended to further enhance the biological preservation or integrity of the severed
tissue may be used to flush the tissuc during the procedure. To provide flexibility in
accessing the soft tissue or boney tissue structure, rotation dial 412 permits the user to
selectively rotate tissue receiving opening 410 to a desired location within the nasal cavity

14.

[0090] To prevent tissue that is to be cut from slipping away from foot plate 414
when cutting cannula 416 is advanced toward foot plate 414 during the cutting stroke, a
contact face 413 of foot plate 414 is provided with a textured surface that is designed to grip
tissue. In one exemplary arrangement, the textured surface of foot plate 414 includes at least
one serration 415 formed on contact face 413. In one excmplary arrangement the serration
415 may be configured as a raised ramp with a proximally outwardly extending peak 417.
Peak 417 may be configured to extend substantially across the entire width of contact face
413. However, it is understood that peak 417 need not extend across the entire width of
contact face 413. In yet another alternative and exemplary configuration, referring to FIGS.
5A-5B, inverted scrrations also be formed on foot plate 414. Inverted scrrations will be

discussed in further detail below.
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[0091] In yet another embodiment, a plurality of serrations 415 formed on contact
face 413 that are configured as a scries of raised ramps terminating at outwardly facing pcaks
417, such as, for example shown in FIG. 3E. As discussed above, cach peak 417 may be
configured to extend substantially across the entire contact face 413. Alternatively, peak 417
may be configured with interruptions such that a plurality of separate outwardly extending

peaks 417 may be formed along a plane.

[0092] In another exemplary configuration, the textured surface of foot plate 414
includes a waffle pattern that has first and second intersecting contact edges 417” and 419,
respectively. In one exemplary arrangement, the waffle pattern is positioned on contact face
413’ such that first contact edge 417’ is oriented so as to be generally horizontal and second
contact edge 419 is oriented so as to be generally vertical. However, it is understood that the
disclosure is not limited to this particular configuration. Indeed, other orientations are also
possible. It is further understood that the present disclosure is also not limited to the
particular textured surface configurations described herein (i.c., the serrations 415 and the
waffle pattern comprising first and second contact edges 417° and 419). Any textured surface

that may operate as a gripping surface is within the scope of this disclosure.

10093] The texture surface for foot plate 414 may be manufactured in a number of
different manners. For example, textured contact surface 413/413” may be manufactured
using a material removal process such as, for example, milling, grinding, knurling, bead
blasting, sand blasting or pitting. Alternatively, texture contact surface 413/413” may be
manufactured using an additive fabrication process such as, for example, beading. Further,
textured contact surface 413/413° may be formed during a casting operation, such as

sintering, stamping, investment casting, press molding, or die casting.
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[0094] The textured contact surface 413/413” permits use of the an angled foot plate
414 (as may be seen in FIG. 3E), thereby permitting foot plate 414 to be effectively uscd in a
shoveling manner to easily and quickly get underneath tissue and/or boney material to be cut.
More specifically, because contact surface 413/413” is textured, contact surface 413/413°
serves as a grip to frictionally retain tissue and/or boney material against contact surface
413/413’ as cutting cannula 416 is advanced toward foot platc 414 during a cutting stroke. In
one exemplary configuration, foot plate 414 is angled approximately 40°, although it is

understood that other angled configurations are also possible.

[0095] Yet another alternative embodiment of a suction punch 400 is shown in FIGS.
4A-4K. Suction punch 1400 includes an outer cannula 1402 defined by a distal end 1404 and
a proximal end 1406 (best seen in FIG. 4F), which is seated within a housing member 1408
(to be explained in further detail below). Distal end 1404 is open and may have an angled
cutting edge 1414 to provide increased cutting cffectiveness, to be explained below in further

detail.

[0096] Outer cannula 1402 is configured for sclective rotational movement. More
specifically, a rotation dial 1412 is operatively secured to outer cannula 1402 (to be explained
below in further detail). As rotation dial 1412 is rotated, distal cnd 1404 is also rotated,
thereby allowing for easy manipulation of suction punch 1400 during procedures. Outer
cannula 1402 is also configured for reciprocal movement, also to be explained below in

further detail.

{0097] Referring to FIG. 4D, disposed within outer cannula 1402 is an inncr blade
1416. Tnner blade 1416 is axially fixed with respect to housing 1408, such that it does not
reciprocate. In one exemplary embodiment, (shown in FIGS. 4D and 4F), a proximal end

1418 of inner blade 1416 includes an attachment lip 1419 that is fixed to a portion of a saline
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hub 1421 (to be described in further detail below) positioned in housing 1408. In another
excmplary cmbodiment, proximal end 1418 may be formed with an attachment hole (not
shown) that aligns with attachment passage 1420, wherein both the attachment hole and the

attachment passage receive an attachment mechanism, such as a pin.

[0098] FIG. 4H illustrates a cross-section of inner blade 1416 taken along lines H-H
in FIG. 4G. Inner blade 1416 is defined by a top surface 1422, a grooved surface 1424, and a
curved bearing surface 1426. Top surface 1422 cooperates with an inner lumen 1428 of outer
cannula 1402 to form a tissue passage (to be explained in further detail below). Grooved
surfacc 1424 cooperates with inner lumen 1428 of outer cannula 1402 to form a saline
passage. Positioned adjacent a distal end 1430 is a saline opening 1432 that is in
communication with the saline passage. Curved bearing surface 1426 generally corresponds
to the contour of inner lumen 1428. A portion 1431 of curved bearing surface 1426 serves as
a glue surface to fixedly attach inner blade 1416 to saline hub 1421. Indeed, inner blade 1416
is fixedly secured to an inner surface of saline hub 1421, which is mounted in housing 1408,

such that inner blade 1416 is axially fixed with respect to housing 1408,

[0099] A distal end 1430 of inner blade 1416 includes a cutting surface or foot plate
1432 that extends upwardly from top surfacc 1422. Cutting surface/foot plate 1432
cooperates with cutting edge 1414 of outer cannula 1402 to sever tissue that is received
within a gap 1434 formed between distal end 1430 of inner blade 1416 and distal end 1404 of

outer cannula 1402,

[00100] Referring to FIG. 4A, housing member 1408 is mounted to an actuation
member 1436. Actuation member 1436 comprises a first handle device 1438 and a second
handle device 1440. First handle device 1438 is fixedly connected to a shuttle housing 1442.

In one exemplary configuration, shuttle housing 1442 is integrally formed with first handle
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device 1438, First handle device 1438 may be configured with a thumb grip (not shown),

similar to that shown in FIG. 3A (438).

[00101] Second handle device 1440 is pivotally connected to a shuttle member 1443
disposed within shuttle housing 1442. Second handle device 1440 may be configured with

gripping members 1444, 1446.

{00102] Referring to FIG. 4D, shuttle member 1443 is mounted on a rod 1448 disposed
in shuttle housing 1442, Rod 1448 is defined by a distal end 1450 and a proximal end 1452.
Distal end 1450 is fixedly secured to an interior distal face 1456 of shuttle housing 1442.
Proximal end 1452 is fixedly secured to an interior proximal face 1458 of shuttle housing
1442. A biasing member (not shown) is positioned on rod 1448 distally of shuttle member
1443, so as to abut distal face 1456 and a distal end 1460 of shuttle member 1443. Biasing
member (which may be a coil spring) serves to bias shuttle member 1443 into a retracted
position, away from distal face 1456. A stop member (not shown) may be secured to
proximal end 1452 of rod 1448 to limit the distance that shuttle member 1443 may be

retracted by the biasing member.

[00103] Carried by, and fixedly secured to shuttle member 1443 is a carricr member
1464. Carrier member 1464 is similar to carrier member 464 shown in FIG. 3D, and includes
upwardly extending wall members that flank a mounting groove. Carrier member 1464

extends upwardly from shuttle housing 1442.

[00104] Housing member 1408 is sccured to shuttle member 1443. As best seen in
FIG. 4D, in one exemplary arrangement, housing member 1408 includes a mounting flange
1470 that extends downwardly from housing member 1408. A fastening device (not shown)

is engaged through a mounting channel 1471 that extends through mounting flange 1470.
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The fastening device further extends through rod 1448 to secure rod 1448 to housing member

1408.

[00105] A proximal end 1474 of housing member 1408 further includes a downwardly
extending wall member 1476 that may carry a locking tab 1478. Locking tab 1478 engages

with a mounting groove 1479 formed on a proximal face of shuttle member 1443,

[00106] Disposed within housing member 1408 is mounting sleeve 1480. Mounting
sleeve 1480 comprises an elongated section 1482 that is connected to a mounting section
1484. Disposed on either side of mounting section 1484 are flange members 1486 and 1486°.
Mounting section 1484 is received within a mounting groove formed on carrier member
1464, Extending through mounting flanges 1486, 1486° and mounting sleeve 1480 is a
passage that receives outer cannula 1402. Outer cannula 1402 is fixedly secured within the
passage. In one exemplary arrangement, outer cannula 1402 may be fixedly secured within
the passage by glue. Fixedly secured to an outer surface of elongated section 1482 of
mounting sleeve 1480 is rotation dial 1412. With this arrangement, as rotation dial 1412 is
rotated, mounting sleeve 1480 will rotate, as well. Further, because outer cannula 1402 is
fixed secured to mounting sleeve 1480, as rotation dial 1412 is rotated, outer cannula 1402

will also rotate.

[00107] Referring now to FIG. 4F, saline hub 1421 will now be described. Saline hub
1421 includes an internal hub portion 1490 and an external hub portion 1492 (best seen in
FIG. 4D). Salinc hub 1421 is mounted to proximal end 1474 of housing 1402 such that
internal hub portion 1490 is disposed within housing 1408. A channel 1423 extends through
saline hub 1421 and is in communication with an irrigation opening 1494 formed through
saline hub 1421. Channel 1423 is configured to receive outer cannula 1402. Outer cannula

1402 is mounted within channel 1423 for sliding engagement. Inner blade 1414 is also



09 Apr 2013

2013203053

25

received within channel 1423, as described above. Inner lumen 1428 of outer cannula 1402

opens into channel 1423 at distal end 1406 of outer cannula 1402.

{00108] Formed through housing member 1408 is an irrigation port 1493. Irrigation
port 1493 is operatively connected to an irrigation line 1495 and is in communication with
irrigation opening 1494 in saline hub 1421. In operation, irrigation (such as warm water or
saline) enters into housing member 1408 and into saline hub 1421 to deliver irrigation within
the space between inner blade 1414 and outer cannula 1402, along a channel formed by
grooved surface 1424 and inner lumen 1428. Irrigation flows up through a saline opening
1496 formed in distal end 1430 of inner blade 1414 to deliver irrigation within gap 1434
between inner blade 1414 and outer cannula 1402. Sealing members (not shown), such as O-
rings, may be disposed in grooves 1491 disposed on either side of irrigation opening 1494 to
insure that the irrigation is directed to the channel formed by grooved surface 1424 and inner

lumen 1428 of outer cannula 1402.

[00109] Disposed at proximal end 1474 of suction punch 1400 is a fitting member
1498 that is disposed in external hub portion 1492, Fitting member 1498 carries a fitting barb
1499. A vacuum line (not shown) is connected to the fitting barb 1499 to deliver vacuum to
outer cannula 1402. To insure that vacuum is delivercd to outer cannula 1402, and ultimatcly
to a distal end 1404 of outer cannula 1402, suction punch 1400 is provided with seal
members disposed within housing 1408. More specifically, in one exemplary arrangement,
saline hub 1421 is provided with grooves 1500 disposed at a distal end thereof that receives
seal members (not shown). And additional set of grooves 1502 is provided in a distal
housing hub 1504 (shown in FIG. 4D). Distal housing hub 1504 is mounted in a first
mounting portion 1506 of housing 1408. First mounting portion 1506 further includes a

distal chamber 1508 and a proximal chamber 1510. Distal housing hub 1504 is mounted in



09 Apr 2013

2013203053

26

distal chamber 1508. Proximal chamber 1510 is configured to receive a distal sealing end
1512 of mounting sleeve 1480. A mounting groove 1513 is formed between distal scaling
end 1512 and flange member 1486°. Mounting groove 1513 receives a sealing member (not
shown) such as an O-ring. In one embodiment, positioned adjacent to mounting sleeve 1480
is a venting aperture 1514 (best seen in FIG. 4E). Venting aperture 1514 extends through a

sidewall of outer cannula 1402.

{00110] During operation of suction device 1400, second handle device 1440 is
retracted towards first handle device 1438. This action causes shuttle member 1443 to move
forward, against the biasing member. As shuttle member 1443 moves forward, carrier
member 1464 pushes against one of the flanges 1486” of mounting sleeve 1480. Because
mounting sleeve 1480 is fixedly secured to an outer surface of outer cannula 1402, outer
cannula 1402 is advanced distally over inner blade 1414, until distal end 1404 of outer
cannula 1402 contacts cutting surface 1432 of inner blade 1414, thereby severing tissuc that
is disposed with gap 1434 defined between inner blade 1414 and distal end 1414 of outer
cannula 1402 (see FIG. 4B). Repeated retraction and releasing of second handle device 1440

results in repeated cutting action.

[00111] To facilitate collection of tissuc, vacuum is delivered to outer cannula 1402
through a vacuum line attached to fitting barb 1499. The vacuum serves to draw tissue into
outer cannula 1402, as well as remove cut tissue to a collection chamber (not shown) attached
to the vacuum line. Continuous vacuum permits multiple severing actions to be employed
with a single insertion. However, delivery of continuous vacuum may be controlled by the
action of the cutting cannula. More specifically, the action of the inner cutting cannula
provides for a venting operation that relieves vacuum. As such, the device is particularly

useful in navigating near and around critical structures within the patient so as not to
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inadvertently remove such structures during procedures. In addition, by providing the

capability of multiple severing actions, procedure time may be reduced.

[00112] To alleviate removed tissue occluding the aspiration pathway during the
cutting action, irrigation may be provided via an imigation port 1493 that is connected to an
irrigation supply by irrigation line 1495, between inner blade 1414 and outer cannula 1402.
The irrigation fluid, which may be warm water or salinc, can flow up through opening 1496
in inner blade 1414. Such fluid serves to flush the tissue during the procedure. To provide
flexibility, such as to access turbinates 12 in an endonasal procedure, rotation dial 1412
permits the user to selectively rotate inner blade 1414 and outer cannula 1402 to a desired

location within a body cavity.

[00113] Suction punch 1400 may also provide vacuum relief during operation. During
the cutting stroke, as second handle device 1440 is actuated and distal end 1404 of outer
cannula 1402 is moved toward cutting surface 1432 of inner blade 1414, distal sealing end
1512 of mounting sleeve 1480 moves into proximal chamber 1510 of first mounting portion
1506 until flange member 1486 abuts first mounting portion 1506, with a sealing member
(disposed within mounting groove 1513) contacting an inner surface of proximal chamber
1510. Venting aperture 1514, which is positioned distally of distal scaling end 1512, is thus
sealed off while outer cannula 1402 is engaged with cutting surfacc 1432 of inner blade,

providing full vacuum to deliver severed tissue through outer cannula 1402.

[00114] To provide vacuum relief, as second handle device 1440 is returned to its non-
actuated position (i.c., away from first handle devicc 1438) by the biasing member, distal
sealing end 1512 of mounting sleeve 1480 is moved out of proximal chamber 1510, thereby

allowing vacuum delivered through outer cannula 1402 to vent through vent aperture 1514,



09 Apr 2013

2013203053

28

[00115] Turning to FIGS. 41-4K, partial illustrations of an alternative configuration of
a suction punch 1600 are shown. Suction punch 1600 is very similar to suction punch 1400
and includes an outer cannula 1602 that is configured similar to outer cannula 1402. Outer
cannula 1602 is defined by a distal end 1604 and a proximal end 1606 (see in FIG. 4K),
which is seated within a housing member similar to housing member 1408. Distal cnd 1604
is open and may have an angled cutting edge 1614 to provide increased cutting effectiveness.
Outer cannula 1602 is configured for both selective rotational movement and reciprocal
movement by an actuation assembly, as described above in connection with suction punch

1400.

[00116] Disposed within outer cannula 1602 is an inner cannula 1616. In the
configuration shown in FIG. 41, inner cannula 1616 replaces inner blade 1416. Inner cannula
1616 is axially fixed with respect to the housing, such that it does not reciprocate. In one
exemplary arrangement, a portion of a proximal end 1619 of inner cannula 1616 includes an
outwardly extending mounting member that may be received within a portion of a saline hub
1621 positioned in housing 1608 (sec, e.g., FIG. 4K). In one configuration, the mounting
member is received within a mounting groove 1620. The mounting member may be sccured
within mounting groove 1620 with glue to fixedly attach inner cannula 1616 to housing 1408.
A portion of an outer surface of inner cannula 1616 may serve as a glue surface to fixedly
attach inner cannula 1616 to a portion of an inner surface 1622 of saline hub 1621, which is
mounted in housing 1408, such that inner cannula 1616 is axially fixed with respect to

housing 1408.

[00117] Inner cannula 1616 further is defined by a distal end 1630, which includes a

cutting surface/foot plate 1632 disposed on a tip 1633 thereof. A tissue receiving opening
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1635 is formed adjacent tip 1633. Cutting surface/foot plate 1632 cooperates with cutting
cdge 1614 of outer cannula 1602 to scver tissuc that is rcecived within tissue reeeiving
opening 1635. Tissue receiving opening 1635 opens into a tissue passage 1637. Tissue
passage 1637 is operatively connected to a vacuum supply. Vacuum supply operates to

deliver severed tissue through the housing and to a collection canister.

{00118] Fixedly disposed within inner cannula 1616 is an irrigation supply tube 1639.
In one exemplary configuration, irrigation supply tube 1639 is positioned along a bottom
portion of inner cannula 1616 and has a distal end 1640 that is positioned adjacent cutting
surface 1632. A proximal end 1634 of irrigation supply tube 1639 is in fluid communication
with an irrigation opening 1694 disposed within saline hub 1621. More specifically,
irrigation supply tube 1639 includes an opening 1636 formed in a sidewall that aligns with a
corresponding opening 1638 formed inner cannula 1616. While irrigation supply tube 1639
is shown as being positioned along a bottom portion of inner cannula 1616, it is understand
that the disclosure is not limited to that configuration. For example, and without limitation,
irrigation supply tube 1639 may also be positioned along a top portion of inner cannula 1616

such that distal end 1640 is positioned at tissue opening 16335.

[00119] Referring now to FIG. 4K, saline hub 1621 will now be described. Salinc hub
1621 includes an internal hub portion 1690. Saline hub 1621 is mounted to a proximal end of
housing 1402 such that internal hub portion 1690 is disposed within housing 1408. A
channel, defined by inner surface 1622 of saline hub 1621 extends through saline hub 1621.
The channel is configured to receive outer cannula 1602. Outer cannula 1602 is mounted
within the channel for sliding engagement. Inner cannula 1614 is also reccived within the

channel, as described above.
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[00120] Formed through housing member 1608 is an irrigation port 1693. Trrigation
port 1693 is operatively connected to an irrigation line and is in communication with
irrigation opening 1694 in saline hub 1621. In operation, irrigation (such as warm water or
saline) enters into housing member 1608 and into saline hub 1621 to deliver irrigation to
irrigation supply tube 1639. To direct irrigation fluid into irrigation supply tube 1639, sealing
members (not shown), such as O-rings, may be disposed in grooves 1691, 1695 disposcd on
either side of irrigation opening 1694. More specifically, grooves 1691 are disposed in an
outer surface of saline hub 1621 such that a sealing member disposed therein serves to
prevent irrigation fluid from entering between saline hub 1621 and housing 1608. Grooves
1695 are disposed in inner surface 1622 of saline hub 1621 such that a sealing mcmber
disposed therein serves to prevent irrigation fluid from entering between inner and outer

cannulas 1616, 1602.

[00121] Turning now to FIGS. 4L-4N, to prevent tissue that is to be cut from slipping
away from foot plates 1432/1632 when cutting cannula 1402/1602 is advanced toward foot
plate 1432/1632 during a cutting stroke, a contact face 1413/1613 of foot plate 1402/1602 is
provided with a textured surface that is designed to grip tissue, similar as to that which was
described above in connection with FIGS. 3E-3G. More specifically, in one exemplary
arrangement, the textured surface of foot plate 1432/1632 includes a plurality of serrations
formed on contact face 1413/1613 that are configured as a series of ramp-like members
terminating at outwardly facing peaks 1417/1617, such as, for example shown in FIG. 4L. In
another exemplary configuration, the textured surface of foot plate 1432/1632 includes a
waffle pattern that has first and second intersecting contact edges 1415/1615 and 1419/1619,
respectively. In one exemplary arrangement, the waffle pattern is positioned on contact face

1413°/1613 such that first contact edge 1415/1615 is oriented so as to be generally horizontal
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and second contact edge 1419/1619 is oriented so as to be generally vertical. However, it is
understood that the disclosurc is not limited to this particular configuration. Indeed, other

orientations are also possible.

[00122] It is further understood that the present disclosure is also not limited to the
particular textured surface configurations described herein (i.c., the serrations comprising
ramp-like members terminating at outwardly facing peaks 1417/1617 and the wafflc paticrn
comprising first and second contact edges 1415/1615 and 1419/1619). Indeed, any textured
surface that may operate as a gripping surface is within the scope of this disclosure. For
example, referring to FIGS. 5A-5B, a contact face 2413 of foot plate 2432 may be provided
with a plurality of inverted serrations formed on contact face 2413. Inverted serrations that
are also configured as a series of ramp-like members, but ramp-like members terminate at
inwardly facing valleys 2417, such as, for example shown in FIG. 5A. In yet another
alternative arrangement, referring to FIGS. 6A-6B, contact face 2432” of foot plate 2432’
may be provided with a plurality of inwardly extending grooves 2417’ that are separated from

one another by land members 2416, such as, for example shown in FIGS. 6A-6B.

[00123] In yet another alternative arrangement, shown in FIGS. 7A-7B, textured
surface of contact face 3413 of foot plate 3432 may be formed by the usc of a coarsc grit,
such as by sand blasting. While FIGS. 7A-7B illustrate only the coarse grit being used on
contact face 3413, it is understood that in another exemplary arrangement, the coarse grit

texture may be used with any other embodiments shown in FIGS. 4L-4N, 5A-5B and 6A-6B.

[00124] The textured surface for foot plate 1432/1632/2432/2432° may be
manufactured in a number of different manners. For example, textured contact faces
1413/1613/2413 and 1413°/1613°/2413’ may be manufactured using a material removal

process such as, for example, milling, grinding, knurling, bead blasting, sand blasting or
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pitting. Altematively, texture contact surfaces 1413/1613/2413 and 1413°/1613°/2413" may
be manufactured using an additive fabrication process such as, for example, beading.
Further, textured contact surfaces 1413/1613/2413 and 1413°/1613°/2413’ may be formed
during a casting operation, such as sintering, stamping, investment casting, press molding, or

die casting.

[00125] The textured contact surfaces 1413/1613 and 1413°/1613° permit usc of the an
angled foot plate 1432/1632 (as may be seen in FIGS. 4B and 4I), thereby permitting foot
plate 1432/1632 to be effectively used in a shoveling manner to easily and quickly get
underncath tissue and/or boncy material to be cut. More specifically, becausc contact
surfaces 1413/1613 and 1413°/1613° are textured, contact surfaces 1413/1613 and
1413°/1613’ serve as a grip to frictionally retain tissue and/or boney material against contact
surfaces 1413/1613 and 1413°/1613 as outer cannulas 1402/1602 are advanced toward foot
plate 1432/1632 during a cutting stroke. In onc exemplary configuration, foot plates
1432/1632 are angled approximately 40°, although it is understood that other angled

configurations are also possible.

[00126] It will be appreciated that the system and methods described herein have broad
applications. The foregoing embodiments were chosen and described in order to illustrate
principles of the methods and apparatuses as well as some practical applications. The
preceding description enables others skilled in the art to utilize methods and apparatuses in
various embodiments and with various modifications as are suited to the particular use
contemplated. In accordance with the provisions of the patent statutcs, the principles and
modes of operation of this invention have been cxplained and illustrated in cxcmplary

embodiments.
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[00127] It is intended that the scope of the present methods and apparatuses be defined
by the following claims. However, it must be understood that this invention may be practiced
otherwise than is specifically explained and illustrated without departing from its spirit or
scope. It should be understood by those skilled in the art that various alternatives to the
embodiments described herein may be employed in practicing the claims without departing
from the spirit and scope as defined in the following claims. The scope of the invention
should be determined, not with reference to the above description, but should instead be
determined with reference to the appended claims, along with the full scope of equivalents to
which such claims are entitled. It is anticipated and intended that future developments will
occur in the arts discussed herein, and that the disclosed systems and methods will be
incorporated into such future examples. Furthermore, all terms used in the claims are
intended to be given their broadest reasonable constructions and their ordinary meanings as
understood by those skilled in the art unless an explicit indication to the contrary is made
herein. In particular, use of the singular articles such as “a,” “the,” “said,” etc. should be read
to recite one or more of the indicated elements unless a claim recites an explicit limitation to
the contrary. It is intended that the following claims define the scope of the invention and
that the method and apparatus within the scope of these claims and their equivalents be
covered thereby. In sum, it should be understood that the invention is capable of

modification and variation and is limited only by the following claims.

[00128] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

[00129] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A tissue cutting device, comprising:

an outer cannula configured for selective reciprocation and rotation, the outer
cannula defined by a distal end and a proximal end;

an axially fixed inner member disposed within the outer cannula, the inner member
defined by a distal end and a proximal end;

a housing that carries a hub member wherein a portion of the inner member is
fixedly secured to the hub member;

an actuation assembly operatively connected to the outer cannula, wherein
actuation of the actuation assembly causes outer cannula to reciprocate over the inner
member; and

a vacuum source configured to deliver vacuum to a distal end of the device.

2. The tissue cutting device of claim 1, further comprising a shuttle member with a
carrier member, wherein the shuttle member is connected to the actuation assembly and the
carrier member is operatively connected to the outer cannula such that actuation of the

actuation assembly reciprocates the outer cannula.

3. The tissue cutting device of claim 2, further comprising a biasing member
operatively connected to the shuttle member, wherein the biasing member biases the outer
cannula into a retracted position by which the distal end of the outer cannula is moved

away from the distal end of the inner member.

4. The tissue cutting device of claim 2 or claim 3, further comprising a mounting
sleeve, wherein the mounting sleeve is mounted on the carrier member and the outer
cannula is fixedly secured to the mounting sleeve such that the outer cannula moves with

the shuttle member.

5. The tissue cutting device of claim 4, further comprising a rotation dial fixedly

attached to the mounting sleeve such that when the rotation dial is actuated, the mounting
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sleeve rotates.

6. The tissue cutting device of claims 1 to 5, wherein the outer cannula further
comprises a vent aperture, extending through a sidewall thereof and a sealing member
configured to seal the vent aperture when the distal end of the outer cannula is moved

toward the distal end of the inner member.

7. The tissue cutting device of claim 6, wherein the sealing member is carried by a
sealing end of the mounting flange that is positioned proximally of the vent aperture and
wherein the vent aperture is sealed when the sealing end is received within a chamber

formed in the housing.

8. The tissue cutting device of claims 1 to 7 wherein the hub member further
comprises an irrigation aperture that is in communication with an irrigation port formed
through the housing, the irrigation aperture delivering irrigation to a channel formed

between the inner member and the outer cannula.

9. The tissue cutting device of claim 8, further comprising an irrigation opening

formed through the distal end of the inner member.

10. The tissue cutting device of claims 1 to 9, wherein the inner member further
comprises a grooved surface and opposing bearing surfaces, wherein the groove surface
cooperates with an inner lumen of the outer cannula to define an irrigation channel, and
wherein the bearing surfaces are generally configured to correspond to the shape of the

inner lumen.
1. The tissue cutting device of claims 1 to 8, wherein the inner member further
comprises a tissue receiving opening disposed adjacent the distal end thereof and an

irrigation supply tube positioned within the inner member.

12. The tissue cutting device of any of the claims 1 to 11, wherein the inner member
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includes a footplate that defines a contact surface that is configured with a textured surface
that serves as a grip to operatively retain material to be cut when the outer cannula is

moved toward the footplate.

13. The tissue cutting device of claim 12, wherein the textured surface is configured as
one of the following:

at least one serration that defines at least one extending peak or valley;

at least one groove; and

a walffle pattern that is defined by a plurality of first and second proximally

extending intersecting contact edges.

14. The tissue cutting device of claim 12 or claim 13, wherein a coarse grit coating is

applied to the contact surface.
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