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MICRO-RESECTING AND EVOKED POTENTIAL MONITORING SYSTEM
AND METHOD

Background

The present invention relates to surgical cutting and surgical cutting instruments.
More particularly, aspects relate to surgical resecting instruments and svstems capable of
both high-speed cutting and electrical probing or evoked potential monitoring functions, as
well as procedures utilizing such a devices.

Surgical micro-resecting instruments 1 which an elongated, rotatable blade or
cutting member is support within an elongated outer tube are well-accepted for use in
various surgical cutting procedures, for example, those where access to the surgical site 1s
gamed via a parrow portal or passage. Typically, the outer tube ncludes a distal section
forming a cutting window, with the wnner member forming a cutting tip.  The inner
member is rotatably disposed within the outer tube, with the catting tip being exposed at
the cutting window. With rotation andfor oscillation, the cutting tip effectnates a desired
surgical procedure such as cutting, resecting, abrading, shaving, etc., contacted tissue. The
cutting tip is normally in the form of resecting blades/teeth or a bur.

Micro-resecting procedures {e.g., ENT) typically entail removing tissue, bone, etc.,
from bodily areas that are otherwise in close proxinuty to nerves or other delicate bodily
structures. Thus, a danger exists of potentially severing or otherwise damaging nerves {or
other structure} through wadvertent cutting or excessive heat.  As such, conventional
micro-resecting procedures oftentimes require additional steps and instruments for
measuring nerve {ocation to safely complete the procedure. Evoked potential monitoring
devices are employed to periodically evaluate an intended location of the cutting tip
relative to nerves, While carryving out such procedures, a surgeon may be required to
sequentially remove tissue/bone with the micro-resecting instrument and then probe a cut
area for nerves {or other bodily structure)} using a separate implement otherwise provided
with the evoked potential monitoring device. This is clearly time-consuming and thus

andesirable.
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Summary

Some aspects in accordance with principles of the present invention relate to a
method of performing a surgical micro-resecting procedure at a target site of 4 patient.
The method includes providing a micro-resecting instrument including an outer tubular
member, an inner member, 3 hub assembly, an electrically non-conductive material, and
wiring. The outer tubular member has a lumen, a proximal section, and a distal section.
The distal section forms a cutting window that 1s otherwise fluidly connected to the lumen.
The inner member 1s disposed within the lomen and has a proximal portion and a distal
portion.  The distal portion includes a cutting tip that is positioned at the cutting window
upon final assembly. The hub assembly maintains the proximal section of the outer
tubular member and the proximal portion of the inner member. The electrically non-~
conductive material covers a region of the outer tubular member distal the hub assembly.
Finally, the wiring is electrically connected to the outer tubular member. With this
construction, the wnstrument defines a probe surface proximate the cutting window that 18
otherwise free of the non-conductive matenial.  Further, an electrical pathway is
established from the wiring to the probe surface. The instrument wiring is electrically
connected to an evoked potential monitoring device such that an energy souwrce of the
evoked potential monitoring device 1s 1o electrical communication with the probe surface.
The distal section of the outer tubular member 1s delivered toward the target site such that
the cutting window 1s adjacent the target site. A stimudation energy 15 applied to the probe
surface via the energv source and the wiring. Based upon reference to the applied
stumulation energy, the evoked potential monttoring device is operated to evaluate a
proximity of the probe surface relative to a bodily structure of interest. Finally, the inner
member 1s rotated relative to the outer fubular member to perform & micro-resecting
operation whereby bodily material at the target site is resected by the cutting tip within the
cutting window. In some embodiments, the resecting operation and the proximity
evaluation are performed simultaneously, and target site tssue is not cauterized in
response to the applied stimulation energy.

Other aspects in accordance with the principles of the present invention relate to a
surgical micro-resecting svstem including a micro-resecting instrument, a motorized
handpiece, and an evoked potential monitoring device. The micro-resecting includes an

auter tubular member, an inner member, a hub assembly, an electrically non-conductive
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material, and wirtng. The outer twbular member has a lumen, a proximal section, and a
distal section. The distal section forms a cufting window that is otherwise fludly
connected to the lumen. The mner member is rotatably disposed within the lumen and has
a proximal portion and a distal portion. The distal portion inchudes a catting tip that, upon
final assembly, is positioned at the cutting window. The hub assembly maintains the
proximal section of the outer tubular member and the proximal portion of the moer
member. The non-conductive material covers a region of the outer tubular member distal
the hub assembly, Finally, the wining is connecied to the outer tubular member, creating
an electrical pathway from the wiring to a probe surface defined proximate the cutting
window, with probe swrface comprising a surface not otherwise covered by the non-
conductive material. The motorized handpiece is coupled to the hub assembly and is
configured to selectively rotate the inner tubular member relative to the outer tubular
member.  The evoked potential monitoring device includes an energy source that is
selectively coupled to the wiring for applving a stimulation energy to the probe surface via
the wirtng. Further, the evoked potential monitoring device 1s configured 1o evaluate a
proximity of the probe surface relative to a bodily structure of interest based upon
reference to the stimulation energy. With this configuration, the system is capable of both
resecting bodily material as well as evoked potential monitoring. In some embodiments,
the hub assembly 15 configured to electrically isolate the micro-resecting instrument from
the motorized handpiece. In other embodiments, the outer tubular mernber 1s curved along
a length thereof distal the hub assembly. In vet other embodiments, the probe surface is
defined at least 1 part by an exposed distal region of the outer tubular member. In vet

other embodiments, the probe surface is defined at least in part by the cutting tip.

Brief Description of the Drawings

FIG. 1 is a cross-sectional view of a surgical cutting instrument in accordance with
principles of the present invention.

FIG. 2 is an exploded, cross-section view of the surgical cutting instrument of FIG.

FIG. 3 15 a cross-sectional view of another surgical cutting instrument in

accordance with principles of the present invention.
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FIG. 4 is a cross-sectional view, including portions shown schematically, of
another surgical cufting mstrument in accordance with principles of the present invention
in conjunction with a motor assembly,

FIG. 5A s a cross-sectional view of another surgical cutling iostrument n
accordance with principles of the present invention in conjunction with a motor assembly.

FI1G. 5B 1s a cross-sectional view of a portion of the tnstrument of FIG. SA.

FIG. 6 18 a schematic Hlustration of a surgical cutting svstem in accordance with
principles of the preseat invention.

FIG. 7 is a schematic illustration of another surgical cutting system in accordance
with principles of the present invention.

FIG. 8 is a schematic Hlustration, with portions shown in block form, of another
surgical cutting system in accordance with principles of the present invention
incorporaling a surgical micro-resecting mstrument.

FIG. 9 ts an exploded view of the surgical nucro-resecting wstrument of FI1G. 8

FI1G. 10 1s a cross-sectional view of the surgical micro~-resecting tostrument of FIG.
Q.

FIG. 1] is an enlarged side view of portions of the instrument and motorized
handpiece of FIG. § assembled to one another.

FIG. 12 15 a schematic Hlustration, with portions shown in block form, of another
surgical cofting systemy in accordance with principles of the present imvention and
incorporating a surgical micro-resecting instrument.

FIG. 13 18 an exploded view of the micro-resecting instrument of FIG. 12,

Detailed Deseription

A surgical cutting instrument 20 in accordance with principles of the present
invention is shown in FIGS. 1 and 2. The surgical cutting instrument 20 mcludes an outer
support tube 22, an elongate drive member 24, a cutting tip 26, a coupling body {e.g., a
tang) 28, a housing 30, and an electrical connector 32, In general terms, the elongate drive
member 24 1s coaxially disposed within the outer support tube 22, The cutting tip 26 18
connected to and extends distally from the elongate drive member 24, The coupling body
28 is secured to the elongate drive member 24, The housing 30 maintains the outer

support fube 22 and the coupling body 28. The electrical connector 32 delivers electrical
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encrgy from a source (not shown} to the cutting tip 26 wvia an electrical pathway
established, at least in part, by the drive member 24, with the coupling body 28 electrically
isolating the electrical pathwav from components (e.g., a motor assembly) otherwise
proximally mounted to the coupling body 28.

In some embodiments, a journal bearing is established between the elongate drive
member 24 and the outer tube 22 upon rotation of the elongate drive member 24 relative to
the outer tube 22 {e.g., via a motor assembly {not shown)). In some embodiments, the
surgical cutting instrument 20 and components thereot provide one or more features that
facilitate extremely high rotational speeds (on the order of 80,000 RPM), with the outer
tube 22, and thus the clongate drive member 24, defimng one or more curved segments
where desired. LULS. Application Serial No. 10/776,835 (filed February 11, 2004 and
entitfed “High Speed Surgical Cutting Instrument™), the teachings of which are
incorporated heretn by reference, describes examples of such features 1 accordance with
one embodiment,

The outer tube 22 is an elongate tubular body, defining a proximal region 40
terminating at a proximal end 42, a distal region 44 terminating at a distal end 46, and an
intermediate region 47 between the proximal and distal regions 40, 44, Farther, the outer
tube 22 defines a lumen 48 (best shown in FIG. 2) extending from the proximal end 42 to
the distal end 46, Thus, an inner surface 50 of the outer tube 22 forms the lumen 48,

The outer tube 22 can assume a variety of longitudinal shapes. As shown at 52 in
FIG. 1, in one embodiment, the outer tube 22 includes a curved segment at or along one or
both of the intermediate region 47 and/or the distal region 44. In addition, the outer tube
22 is constructed to facilitate formation of a rotating journal bearing (i.e, frictional sliding
journal bearing) relative to the elongate drive member 24 in the embodiment shown in
FIG. 1. As will be described in greater detail below, the outer tube 22 acts as a part of an
electrical pathway in some embodiments of the present invention.  As such, at least &
portion of the outer tube 22 1s constructed of an electrically conductive material such that
the outer tube 22 is capable of being in electrical communication with the elongate drive
member 24 and the electrical connector 32, The outer tube 22 1s also constructed of a
matenial selected to provide the outer tube 22 with hugh strength, high stiffness

characteristics satisfving dimensional and corvature constraints as desired.  In one
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embodiment, the outer tube 22 is made of conventional surgical instrument matenials, such
as stainless steel.

Returning to FIG. 2, the elongate drive member 24 includes a prosimal section 60
and a distal section 62. The elongate drive member 24 has an overall longitudinal length
greater than the outer tube 22 such that, upon final assembly, the proximal and distal
sections 60, 62 extend from the ends 42, 46, respectively, of the outer tube 22. The
elongate drive member 24 is also constructed to be relatively thin. In particular, the
thinness of the elongate member 24, in combination with the absence of a ball beanng
assembly as part of the instrument 20, allows the fumen 48 to have a relatively small
diameter, such that even with a preferred, minimized outer digmeter, the outer tube 22 can
have sufficient thickness to provide requisite stiffness when an appropriate material {e.g.,
17-4 stainless steel) 1s selected for the outer tube 22,

In some embodiments, the clongate drive member 24 is also constructed to
facthtate a rotating journal bearing relative to the outer tube 22 while maintaining
structural integrity along a curved axial length, In particular, the elongate drive member
24 15 formed to exhibit high strength and good fatigue characteristics.  Additionally, at
least a portion of the clongate drive member 24 is made of a conductive matenal to
facilitate electrical communication between the outer support tube 22, the elongate drive
member 24, and, as will be described in greater detail below, the cutting tip 26, Thus, in
one embodiment, the elongate drive member 24 is formed of M2 hardened tool steel.
Alternatively, other materials exhibiting the desired durability, fracture resistance,
electrical conductivity, etc., can be employed for the elongate drive member 24.

Assembly of the surgical cutting instrument 20 is described in greater detail below.
With respect to assembly of the outer tube 22 and the elongate drive member 24, however,
a tubricant (not shown) is preferably provided along a length of the interface between the
two components 22, 24 1o facilitate formation of a hvdrodynamic journal bearing
therebetween. The elongate drive member 24 effectively “floats” relative to the outer tube
22 upon rotation of the elongate drive member 24 as it is supported by a hydrodynamic
effect. As described in greater detail below, intimate contact between the outer fube 22
and the drive member 24 ensures that the desired elecincal pathway is constantly
maintained between the compovnents 22, 24, such that the lubricant need not necessarily be

electrically conductive.  In another embodiment, the fubricant is electrically conductive
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and further facilitates electrical communication between the outer tube 22 and the elongate
drive member 24, Thus, 1n one embodiment the Jubricant is an electiically conductive
grease lubrnicant, such as a lubricant available from Nye Lubricants of Fairhaven, MA,
ander the trade name Nyogel 756G, However, in light of this deseription, 1t should be
understood that other conductive fubricant materials can be emploved.

The cutting tip 26 can assume a variety of forms, and in one embodument includes
a cutting bur 70 and an attachment end 72. The attachment end 72 15 sized to receive the
distal section 62 of the clongale drive member 24, To this end, the cutting tp 26 can be
secured to the distal section 62 of the elongate drive member 24 via a number of known
processes such as, for example, welding, bravsing, press-fitting, thermal shrink fithng,
adhesive, etc. Alternatively, the elongate drive member 24 and the cutting tip 26 can be
integratly formed such as by machining the elongate drive member 24 and the cutting tip
26 trom a single piece of stock matenal. Regardless, the elongate drive member 24 and
the cutting tip 20 should be secured i a manner to facilitate electnical communication
between the two components 24, 26, As such, the cutting tip 26 is formed of electrically
conductive material, such as nickel alloy materials in one embodiment. While the cutting
tip 26 might include such cutting structures as small diamond burs, it should be understood
that the spaces between such structures and the tissue and fluid associated with cutting
operations allow an electrical interface between a cutting area {(not shown) and conductive
portions of the cutting tip 26. Regardless, the overall form of the cutting bur 70 can
assume a variety of shapes and sizes known in the art {e.g., 2 mm fluted, I mm diamond,
etc.). Alternatively, the cutting tip 26 can assume any other form appropriate for fissue
and/or bone cutting procedures.

The coupling body 28 can assume a variety of forms but is generally configured to
facilitate connection of a motor assembly (not shown) to the elongate drive member 24,
As will be understood in greater detail below, some embodiments of the present invention
require that the motor assembly be electrically insulated from the elongate drive member
24. Tn one such embodiment, the coupling body 28 s formed of & non-conductive material
in order to ensure that the motor assembly is electrically msuolated from the elongate drive
member 24, For example, the coupling body 28 can be formed of non-conductive ceramic
or plastic material, such as an Ultem ® resin available from GE Plastics of Piitsfield, MA

ar other polymeric or ceramic materials exhibiting similar tensile strength.  Altermnatively,
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the coupling body 28 can be formed from metal/metal alloy with a thin, non-conductive
exterior coating.

It should be understood that the motor assembly (not shown) can be of the type
tvpically eraployed with surgical cutting instrumerds, such as electrie, battery-powered, or
pneumatic.  One exemplary motor assembly is available from Medtronic-Xomed of
Jacksonville, FL. under the trade name Visao®. Alternatively, other types of motors or
drill drive systems can be emploved. In general terms, the motor assembly includes a
housing matntaining a drive motor. The motor drives {e.g., rotates) a shaft or other drive
mechanism that is connected to the elongate drive member 24 upon mounting of the
cutting instrument 20 to the motor assembly. To this end, the drve mechamsm can
include a connector of a type typically employed with surgical cutting instruments that
facilitates connection or coupling to the cutting device, such as a mechanical connector
{e.g.. the drive mechamism can include a chuck extending from a motor-driven shaft
opposite the drive motor), non-contacting air-driven coupling, ete. With this in mind, the
coupling body 28 of FIGS. 1 and 2 15 adapted for use with a mechanical-type drive
mechanism connector {e.¢., chuck) for selective mounting of the coupling body 28 to the
drive mechanism, with the coupling body 28 electrically isolating the drive mechanism,
and thus the motor, from the elongate drive member 24.

In more specitic terms, the coupling body 28 1s defined by a distal portion 80 and a
proximal portion 82, The distal portion 80 forms a first passage 84 extending from a distal
end 86 thereof. The first passage 84 defines a diameter sized to loosely receive the
proximal end 42 of the outer tube 22, serving to generally align the outer tube 22 relative
to the proximal portion 82, Importantly, the distal portion 80 can rotate freely about the
outer tube 22, The proximal portion 82 forms a second passage 87 exiending proximally
from the first passage 84. The second passage 87 is sized to receive and maintain the
proximal section 60 of the elongate drive member 24, In thas regard, the coupling body 28
can be further secured to the proximal section 60 of the elongate drive member 24 by a
variety of technigues. For example, the coupling bady 28 can be over-molded onto the
elongate dnive member 24, However, in one embodiment, the coupling body 28 is further
secared to the proximal section 60 of the elongate drive member 24 by an epoxy, such as
Loctite® M-31CL ™ available from Henkel Loctite Corp. Alternatively, other epoxies or

adhestves can be used.
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The proximal portion 82 of the coupling body 28 forms a groove 90 and a tang 92
each adapted to facilitate coupling to the motor assembly drive mechanism {not shown},
for example a chuck. The tang 92 serves as a guide surface that promotes rapid, consistent
assembly of the diive mechanisim to the coupling body 28 Once again, however, the
coupling body 28 can assume a variety of other configurations.

Similar to the coupling body 28, the housing 30 can assume a variety of forms and
15 generally configured to support the outer tube 22 as well as facilitate attachment of the
coupling body 28, and clongate drive member 24, to a motor assembly or “handprece”™
{not shown). The instrument housing 30 is provided apart from any housing associated
with the motor assembly/handpiece.  The housing 30 can be formed from a non-
conductive material such that the housing 39 also facilitates electrical isolation of the
motor assembly from the elongate drive member 24, and in particular from the cutting tip
26, upon assembly of the cutting mstrument 20 to the motor assembly. For example, in
one embodiment the housing 30 1s formed of a liquid crystal polymer, To this end, the
housing 30 can be insert molded over the outer tube 22, Alternatively, a variety of other
assembly techniques, such as gluing, welding, press fitting, thermal shrink fitting, etc,, are
equally acceptable. The housing 30 can incorporate a vasiety of features that facilitate
mounting to the motor assembly. In one embodument, the housing 30 forms a central
aperture 100 having an open proximal end 102 defined by a plurality of spaced fingers
{04, The central aperture 100 1s sized to receive at feast a portion of the motor assembly
{e.g., a collet otherwise maintaining a chuck portion of the motor assembly drive
mechanism), with the fingers 14 serving to capture the motor assembly within the
aperture 100. In addition, or alternatively, the housing 30 can be configured to facilitate
attachment {0 the motor assembly via snap fit, threads, iaterference fit, ete. Further, with
the embodiments of FIGS. 1 and 2, the housing 30 defines a passage 106 fluidly connected
to the aperture 100, The passage 106 is sized 1o maintain the outer tube 22 and can be
formed during an insert molding procedure.

The electrical connector 32 includes an insulated wire 110 having an exposed end
112, For purposes of clarity, the size of the wire 110 is exaggerated in FIGS.  and 2. As
shown in FIG, 1, the exposed end 112 15 soldered to an outer surface of the outer support
tube 22, with a distal portion of the wire being supported by the housing 30, However, in

alternative embodiments, the electrical connector 32 can be welded, attached with a metal
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counector {e.g., screw), press fitted, crimped, or attached with conductive adhesive o the
outer support tube 22 or integrally formed therewith. In geveral terms, the electrical
connector 32, and m particular the wire 110, can be electrically connected to any point
along a length of the outer tube 22; bowever, the area nearest the housing 30 or
encompassed within the housing 30 is most ergonomical.

The surgical cutting instrument 20 is assembled by coavially disposing the
elongate drive member 24 within the lumen 48 of the outer tube 22, As previously
described, tn some embodiments a grease lubricant (not shown) 18 disposed along at least a
portion of, preferably an entirety of, an interface between the elongate drive member 24
and the wnner surface SO of the outer tube 220 The outer tube 22 18 assembled to the
housing 30 as shown in FIG. 1, with the intermediate region 47 and the distal region 44
extending distal to the housing 30, As mentioned, the insulated wire 110 of the electrical
connector 32 is i electrical communication with the outer tube 22 as it 1s soldered to a
portion of the outer tube 22

The housing 30 can be insert molded over both the outer tube 22 and a portion of
the electrical connector 32 extending from the outer tube 22, with the elongate drive
member 24 then being placed within the lumen 48, Additionally, in some embodiments,
an exterior non-conductive coating or sleeve (not shown} is formed or provided over the
outer tube 22 distal the housing 30, For example, a non~conductive sleeve {e.g., a shiink
tube of polyester) can be fitted about an exterior portion of the outer tube 22 otherwise
extending distally from the housing 30 to the distal end 46. As will be understood in
greater detail below, the non-conductive coating or sleeve promotes the ability of the
cutting tip 26 1o act as an electrical probe, preventing shunting of current to surrounding
tissue, bone, or other structures when a stimulation energy is applied thereto (as might
otherwise occur were the metal tube 22 left exteriorly “exposed™). Additionally, various
other design features of the surgical cutting instrument 20, such as material selection and
the resultant journal bearing, can allow for only limited exposure of the elongate drive
memnmber 24 distal the distal end 46 of the outer tube 22, represented at B in FIG. 1. For
example, the exposed tength B of the elongate drive member 24 13 preferably not greater
than 0.1 inch {2.54 mm), and more preferably not greater than 0.05 inch (1.3 num). Inlight
of this disclosure, it should be understood that this imited exposare of the elongate drive

mentber 24 (that is otherwise electrically conductive) to the epvironment can also promote



t

{5

2

XS]
1.7

0

g

0

WO 2007/143447 PCT/US2007/069861

11
more effective use of the cutting fip 26 as an electrical probe by reducing potential
electrical shunting.

Regardless, the coupling body 28 is secured 1o the proximal section 60 of the
elongate drive member 24, whereas the cuting tip 26 18 attached to the distal section 62 of
the elongate drive member 24. With this assembly, the insulated wire 110 of the electrical
connector 32 1s i electrical communication with the outer support tube 22, which w tum
15 1 elecirical communication with the elongate drive member 24, which v turn 13
electrical communication with the cutting tip 26, This forms an electrical pathway
consisting of the electrical connector 32, the outer support tube 22, the elongate drive
member 24, and the cutting tip 26

As alluded to above, the instrument 20 provides an extremely stable electrical
pathway between the electrical connector 32 and the cutting tip 26, In some embodiments,
intimate contact between the outer tube 22 and the elongate drive member 24 (due, at least
i part, to the bend) establishes and consistently maintains the continuous electrical
coupling between the two components 22, 24, such that any lubricant provided between
the outer tube 22 and the drive member 24 need not be electnically conductive. In other
embodiments, the use of an electrically conductive grease for the journal bearing acts to
further maintain continuous electrical communication between the outer support tube 22
and the elongate drive member 24, Regardless, the journal bearing acts to mamtain
continuous electrical communication between the electrical connector 32 and the cutting
tip 26 both at rest and during high-speed cutting operations, for example those reaching
greater than 20,000 RPM, and in particular, those reaching approximately 80,0600 RPM.
In turn, the non-conductive coupling body 28 and nown-conductive housing 30 gt to
insulate the motor assembly (not shown) from the elecinical pathway to prevent
interruption or nusdirection of electrical current traveling through the electrical pathway 1o
the cutting tip 26, This electrical 1solation of the motor assembly is particalarly important
when the motor assembly {or handpiece) is grounded. In particular, it preveats current
from being shunted away from the electrical pathway between the electrical connector 32
and the cutling tip 26,

In addition, by electrically isolating the patient-applied comporent (i.¢., the cutiing
tip 26) from the motor assembly (vot shown), the non-conductive coupling body 28 and

housing 30 serve to prevent the conduction of any electrical or triboelectric noise from the

&
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motor assembly to the cutting tip 26 that might otherwise cause interference with other
devices positioned near or at the surgical site that rely upon biosignals from the patient for
proper operation. Thus, the cutting instrument 20 1s highly compatible for use with other
devices that amplify low-level blosigns such as EMG, EKG, EEG, ABR, etc, for the
purpose of intraoperatively monitoring patient status. In fact, the electrical conductor 32
can be elinunated, with the resultant cutling instrument providing a distinct improvement
over existing designs when used in comjunction with a separate patient monitoring device.

While the surgical cotting instrument 20 has been described as providing a curved
shaft configuration capable of high speed operation, in other embodiments, a more
conventional straight shaft design can be emploved and are capable of supporting larger
shaft diameters and cutting tip diameters of 7 mm or greater (for example, for bulk bone
removal procedures). For example, the surgical cutting instrument 20 can be formed with
the outer tube 22, and thus the elongate drive member 24, assuming a straight or linear
shape. Altematively, FIG. 3 illustrates another surgical cutting instrumert 120 in
accordance with principles of the present invention that mcludes an elongate drive
member 124, a cutting tip 126, a coupling body 128, a housing 130, an electrical connector
132, and a bearing assemubly 134 The surgical cutting instrument 120 can be used as a
“nose piece,” sunilar to what is sometimes termed a “bur extender,” that can be fitted on
the front of a motor assembly or “handpiece™ (not shown) to provide additional stability
{e.g, to prevent wobble) to the elongate drive member 124 and cutting tip 126 In
addition, and as described below, the surgical cutting instrument 120 is uniquely
configured to establish an electuical pathway from the electrical connector 132 to the
cutting tip 126

In general terms of assembly and function, the clongate drive member 124 i
coaxially disposed within the housing 130, The cutting tip 126 is connected to and
extends distally from the elongate drive member 124, The coupling body 128 is secured
to the elongate drive member 124 and is adapted for connection to a drive mechanism
connector (not shown) of a motor assembly (not shown). The housing 130 is provided
apart from the motor assembly, and maintams the electrical connector 132 and the bearing
assembly 134, Thus, the housing 130 acts to maimtain and support the elongate drive
member 124 {as well as the cutting tip 126 secured thereto) and the bearing assembly 134,

Finally, an electrical pathway is established from the electrical connector 132 to the
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cutting tip 126, for example via the bearing assembly 134 and the drive member 124,
However, 1t should be noted that instead of the conductive coupling relationship shown,
the cutting instrument 120 can be configured to establish an inductive or capacitive
coupling to the cutting tip 126

The elongate drive member 124 includes a proximal section 160 and a distal
section 162. As shown, the elongate drive member 124 has an overall longitudinal length
greater than that of the housing 130 such that upon final assembly, the distal section 162
extends from the bousing 130, At least a portion of the elongate drive member 124 is
formed of a conductive material in order to facilitate electrical communication with the
cutting tip 126, as will be described i greater detail below. Some appropriate materials
include stainless steel and tool steel materials, such as M-Series tool steels, A-Series tool
steels, ete.  Altematively, other materials exhibiting the desired durability, fracture
resistance, conductivity, efe., can be employed for the elongate drive member 124,

The coupling body 128 can assume a variety of forms, but is generally contigored
to facilitate connection of a motor asserobly drive mechamism connector (not shown) to the
elongate drive member 124, As a point of reference, the motor assembly (oot shown) and
the drive mechanism counector can asswme a variety of forms (e.g., can include a chuek),
as previously described in association with other embodiments. The couphing body 128 is
defined by a distal portion 180 and a proximal portion 182, The distal portion 180 of the
coupling body 128 is configured to facilitate coupling of the elongate drive member 124 to
the coupling body 128. The coupling body 128 can be secured to the proximal section 160
of the elongate drive member 124 by a vanety of techniques, such as via adhesives, male
and/or female threads, overmolding the coupling body 128 over the elongate drive
member 124, and others. The proximal portion 182, m turn, 1s configured to serve as a
guide surface that promotes rapid, consistent assembly of the motor assembly drive
mechanism connector {e.g., a chuck) to the coupling body 128 Once again, however, the
coupling body 128 can assume a variety of other forms, as can assembly of the coupling
badvy 128 to the clongate drive member 124 andfor to the motor assembly drive
mechanism,

Similar to other embodiments previously described, the coupling body 128 1s
formed of a non-conductive material and serves to assist in electrically isolating the

elongate drive member 124 from the motor assembly (not shown).  As such, the non-
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14
conductive coupling body 128 can be formed of a vaviety of non-conductive materials as
previously described.

The catting tip 126 can also asswme a variety of forms, including those previously
described. The cutting tip 126 includes a cutting bur 170 and an attachment end 172, The
attachment end 172 is configured to receive the distal section 162 of the elongate drive
member 124, To this end, the cutting tip 126 can be secured to the distal section 162 of
the elongate drive member 124 via a number of known methods such as, for example,
welding, braising, press-fitting, thermal shrink fithing, adhesive, male andior female
threads, etc. The elongate drive member 124 and the cutting tip 126 can alternatively be
wtegrally formed such as by machining the elongate drive member 124 and the cutting tip
120 from a single piece of stock material. Additionally, the cutting bur 170 can assume a
variety of shapes and sizes known in the art {eg, 2 mm, 1 mm diamond, ete)
Regardless, the clongate drive member 124 and the cutting tip 126 are secured together
such that they are m electrical comumunication, as previousty described m assoctation with
other embodiments.

The housing 130 can assume a variety of forms and is generally configured to
maintain the elongate drive member 124, the electrnical connector 132, and the bearing
assembly 134, as well as facilitate mounting of the cutting wstrument 120 to a motor
assemibly (not shown). To this end, the housing 130 can be insert molded over a portion of
the electrical connector 132 and the bearing assembly 134, Alternatively, a variety of
other manufacturing technigues, such as gluing, welding, press-fitting, thermal shonk
fiting, etc., are equally acceptable. The housing 130 can incorporate a variety of features
that facilitate assembly 1o the motor assembly, including those previously described. For
example, 1 one embodiment, the housing 130 forms a central aperture 200 having an open
proximal end 202 configured for attachment to a corresponding component {e.g., a collet)
of the motor assembly via methods known to those of ordinary skill in the art. The centeal
aperture 200 1s sized to receive and capture at least a portion of the motor assembly. In
addition, or alternatively, the housing 130 can be configured to facilitate attachment to the
motor assembly via snap fits, threads, interference fit, etc. The housing 139 can be formed
of a non-conductive material (e.g., a hiquid crystal polymer) to assist m electrically
isolating the motor assembly from an electrical pathway formed by the cutting mstrament

120 as described below,
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The electrical connector 132 1s configured to facilitate delivery of a stimudlation
energy from an energy source {not shown) to the cutting tip 126 via the electrical pathway.
As such, in one embodiment, the electrical connector 132 mclades insulated wire 210
having an exposed end 212, As will be desceribed in greater detal] helow, the insulated
wire 210 can be connected to monitoring svstems, such as the energy source of a nerve
monitoring system (not shown}. As shown m FIG. 3, the insulated wire 210 has been
overmolded into the housing 130, with the exposed end 212 1n contact with the bearing
assembly 134, In particular, the exposed end 212 18 soldered or otherwise elecirically
coupled (e.g.. metal fastener, conductive adhesive, crimping, press fit, ete.) to the bearing
assembly 134, In other embodiments, the electrical connector 132 can establish an
electrical pathway to the cutting tip 126 via other means, For example, the insulated wire
210 can be connected to a wire brush, such as a berviiium brush similar to those used in
motor assembhies (not shown) that 1s tn contact with the elongate drive member 124,

In some embodiments, the bearing assembly 134 is a ball bearing-type device, and
includes an inner race or ring 220, an outer race or ring 222, and rolling etements (or ball
bearings) 224, all of which are formed of electrically conductive material, such as stainless
steel. The bearing assembly 134 can also include a bearing retainer ring, which need not
be formed of electrically conductive material i some embodiments.  The bearing
assembly 134, and in particular the inner ring 220, defines a bore configured to coaxially
receive the elongate drive mernber 124, 1t should be noted that the elongate drive member
124 1s received within the inner ring 220 with sufficient intimacy to create a continuous
electrical pathway between the two components 124, 220,

From the previous description, it will be understood that the bearing assembly 134
acts as an electrical pathway between the electrical connector 132 and the elongate drive
member 124, such that the two are in electrical communication. It has been surprisingly
found that passivated bearings, and bearings lubricated with non-conductive tubricant, or
not otherwise lubricated, can interfere with forming an electrical pathway between the
electrical connector 132 and the elongate drive member 124, For example, the bearing
assembly 134 13 designed with small gaps between the rolling elements 224 and the races
220, 222 that allow the rolling elements 224 to effectively float i instances of time during
high~-speed operation. Further, the rolling clements 224 may have eccentricities that result

in selective contact between the rolling elements 224, the outer ring 222, and the inner ring
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220, As such, the bearing assembly 134 can include conductive grease (not shown) to fill

gaps {not shown) between the rolling elements 224 and the inner ring 220 and the outer

o

s le ]

ring 222, As such, in one embodiment the bearing assembly is lubricated with a
conductive grease, such as Nyogel® 756G available from Nye Lubricants of Faithaven,
MA.  As mentioned, passivation layers on the rolling elements 224, such as chromium
oxide and/or nickel oxide, are often used to increase corrosion resistance and hardness of
the rolling elements, but can serve to render them electrically non-conductive. As such, i
one embodiment the rolling elements 224 are formed of non-passivated, stamless steel.
Importantly, it has been found that by incorporating such features, the bearing assembly
134 is capable of forming a continuous electrical pathway, or continuous electrical
commumication, with the elongate drive member 124 and the electrical connector 132
while the cutting tip 126 13 at rest and while 1t 18 turning at relatively high rotational speeds
greater than 20,000 RPM, and in some embodiments at speeds approaching 80,000 RPM.
Upon final assembly, a stable electrical pathway 15 established from the electrical
connector 132 to the cutting tip 126, Conversely, the coupling body 128, as well as the
housing 130, acts to electrically insulate motor assembly (not shown) from the electrical
pathway deseribed upon mounting of the cotting instrument 120 to the motor assembly. In
sum, the bearing assembly 134 includes materials and is configured such that the electrical
pathway is continuously maintained during operation, without intermittent inferruption,
during high-speed rotation of the elongate drive member 124, such as at speeds greater
than 20,000 RPM, and as high as 80,000 RPM. The non-conductive coupling body 128
electrically isolates the drive member 124 (that 1s otherwise part of the electrical pathway}
from the corresponding component of the motor assembly drive mechanism to which the
coupling body 128 15 attached, whereas the non-conductive housing 130 (that otherwise 18
in contact with the electrical pathway) electrically isolates the cutting instruments 120
from corresponding component(s} of the motor assembly {e.g., motor assembly housing or
collet) to which the instrument housing 130 is attached. Depending upon a desired distal
extension of the elongate drive member 124 from the housing 130, the elongate drive
member 124 can further include a non-conductive, extenor coating or sleeve to prevent
shunting of electrical current away from the desired electrical pathway from the elecincal

connector 132 to the cutting tip 126 and/or inadvertent contact with the motor assembly,
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In addition to ensuring a stable electrical pathway, the non-conductive coupling
body 128 and housing 130 serve to isolate the cutting tp 126 from electrical or
triboelectnical notse generated by a motor assembly {(not shown) otherwise mounted o and
rotating/driving the elongate drive member 124 Thus, similar to the surgical cutting
element 20 (FI1G. 1) previously described, in alternative embodiments, the surgical cutting
instrument 120 need not include the electrical connector 132, with the resultant instrument
preventing the transmission of electrical or triboelectrical notse to the cutting tip 126 in a
manner that might otherwise interfere with proper operation of a separate mtraoperative
patient monitoring device.

A portion of another surgical cutting instrument 230 in accordance with principles
of the present invention in conjunction with a portion of a motor assembly 232 is shown in
FIG. 4. The instrument 230 includes an elongate drive member 234, a cutting tip 236, a
coupling body 238, a housing 240, a fhuid coupling assembly 242 {referenced generally),
and an glectrical connector 244, For ease of illustration, the drive member 234, the cutting
tip 236, the coupling body 238 and portions of the motor assembly 232 are shown
schematically in FIG. 4. As described below, the instrument 230 operates in a manner
similar to previous embodiments, whereby the coupling body 238 is coupled to the motor
assembly 232 (such as via a chuck 240) for rotating the cutting tip 236, Further, a
stimulating current delivered by the electiical connector 244 flows to the cutling tip 236
via the fuid coupling assembly 242 as part of an evoked potential monitoring operation.

The drive member 234 is formed of a rigid, electrically conductive material {e.g.,
steel}, and defines a distal portion 248, an intermediate portion 23), and a proximal
portion 252, The distal portion 248 i attached to or otherwise terminates at the cutting tip
236 and thus defines an axial length or extension of the cutting tip 236 relative {o the
housing 240, and can assume a variety of lengths. The proximal portion 232 terminates or
forms the coupling body 238 Regardiess, the mtermediate portion 250 can have an
increased outer diameter as compared to the distal and proximal portions 248, 252 (at least
in those regions immediately adjacent the intermediate portion 250), and s characterized
as being exteriorly exposed as compared to the distal and proximal portions 248, 252,
More particularly, an exterior of the drive member 234 is encompassed by an electrically
non-conductive, insulating coating 254 {(referenced generally) in all regions except the

intermediate portion 250, As a point of reference, a thickness of the insulating coating 254
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is exaggerated in FIG. 4 for cladity purposes. With configurations in which the drive
member 234 forms the coupling body 238, the coupling body 238 is also covered by the
coating 254 (it being understeod that for alternative embodiments in which the coupling
hody 238 is formed apart from, and subsequently attached to, the drive member 234, the
coupling body 238 is either comprised of an electrically non-conductive material and/or is
coated with an electrically insulative covering}. Conversely, with configurations iy which
the drive member 234 forms the cutting tip 236, the cutling tip 236 15 free of the insulative
coating 254, Regardless, the insulative coating 254 can take a variety of forms and can be
applied in a multitude of manners. For example, the insulative coating 254 can be plastic
shrink tubing, over molded plastic, etc., formed of an electrically non-conductive material.

The cutting tip 236 and the coupling body 238 can assume any of the forms
previously described. Thus, the cutting tip 236 can be a bur, cutting teeth, ete. As alluded
to above, the coupling body 238 can be integrally formed by the dnve member 234 or
provided separately.  In other embodiments, however, the coupling body 238 forms a
groove 256 for releasably engaging the chuck 246, Alternatively, the coupling body 238
can assume other configurations commensurate with a corresponding component of the
motor assembly 232

The housing 240 can incorporate various features previously described and is
formed from, or exteriorly coated with, an electrically non-conductive material (e.g., the
housing 240 can be formed of electrically msulative plastic). The housing 240 defines a
distal region 258, a proximal region 260, and a central passage 262. The passage 262
along the proxunal region 260 1s sized to matingly receive a corresponding housing 263

38

o

{illustrated schematically) of the motor assembly 232, Conversely, the distal region
forms the passage 262 to be shghtly greater than a diameter of the drive member 234 and
is configured to maintain portions of the fluid coupling assembly 242 as described below.
The fluid coupling assembly 242 can include a conductive spacer 264 and tubing
266 fluidly connected to a source {(not shown) of electrically conductive fluid.  The
conductive spacer 264 is formed of a hardened, electrically conductive metal and is
mounted to the distal region 258 of the housing 240 about the passage 262, In some
embodiments, the conductive spacer 264 is a ring or other cylindrical shape defining an
infernal aperture 268 {referenced generally). The internal aperture 268 has a diameter

approximating an outer diameter of the intermediate portion 250 of the drive member 234
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such that upon final assembly, the intermediate portion 250 15 in approximate contact with
the conductive spacer 264, The conductive spacer 264 can be porous and/or forms a radial
opening(s} (one of which 1s illustrated at 270 in FIG. 4} for reasons described below,

The tubing 266 is formed of an electuically insulative material and 1s flusdly
coupled at a proximal end (not shown) thereof to a source of electrically conductive fluid
{not shown}. For example, the electrically conductive fluid can be saline, etc. Regardless,
a distal end of the tubing 266 1s fluidly connected to the conductive spacer 264, such as via
a port 272 formed i the housing 240, With this configuration, conductive fluid from the
tubing 266 flows to the conductive spacer 264 and then to an interior surface thereof, due
to etther a porosity or other formed opening 270 in the conductive spacer 264 as
previously described.

Finally, the electrical connector 244 15 an msulated wire or other body capable of
delivering an electrnical cwrrent.  The electrical connector 244 13 electrically connected
{e.g, welded) to the conductive spacer 264, Thus, a portion of the electrical connector
244 can extend through the bousing 240 as shown.

During use, the cutting instrument 230 is mounted to the motor assembly 232 as
shown. As a point of reference, the motor assembly 232 includes the chuck 246 forming

an internal flange 274 nestable within the groove 256 of the coupling body 238 to facilitate

[ o
o

o
3

engagement between the couphing body 238/chuck 246, Further, the motor assembly

Ao

can include bearings 276 (drawn schematically) for supporting the drive member 23«
when rotated by driven rotation of the chuck 240/coupling bodv 238, Regardless, a
stumulating current is delivered to the cutting tip 236 as part of an evoked potential
momtoring operation {that may or may not occur in conjunction with cutting) by supplying
a conductive thad o the conductive spacer 264 via the fubimg 266, Due to a porosity
and/or other opening 270 in the conductive spacer 264, the conductive fluid flows to an
interface or spacing between the conductive spacer 264 and the mtermediate portion 250
of the drive member 234, As shown, a conductive fluid film 278 is formed, electrically
coupling the conductive spacer 264 and the drive member 234, Where desired, seals {not
shown} can be provided distal and/or proximal the conductive spacer 264 to contain the
conductive tlutd at the conductive spacer 264/drive member 234 interface. Regardless, an
electrical pathway is established io which a stimulating current flows from electrical

conductor 244 (otherwise electrically connected to a sumulating energy source {(not
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A

shown)), through the conductive spacer 264 and the conductive fluid film 278, through the
drive member 234, and {o the cutting tip 236. The insulative coating 254 promotes use of
the cutting tip 2306 as an electrical probe, preventing shunting of current to surrounding
tissue. Further, the msulative coating 254 over the coupling body 238 {or other, non-
conductive configuration of the coupling body 238) in conjunction with the non-
conductive housing 240 electrically isolates the conductive pathway deseribed above from
the motor assembly 232 as well as from a user otherwise handling the housing 240.

A portion of another surgical cotting instruoment 280 in accordance with the
principles of the present invention in conjunction with a portion of the motor assembly
232 described above, s shown in FIG, SA. The instrimment 280 1s similar in many respects
to the instrument 230 {FIG. 4) previously described, with like elements having like
reference numbers. With this in mind, the instrument 280 includes the elongate drive
member 234, the cutting tip 236, the coupling body 238, a housing 282, an electrical

44 Asg

3}

coupling assembly 284 (referenced generally), and the electnical connector
described below, the instrument 280 operates in a maoner sioular 1o previous
embodiments, whereby the motor assembly 232 is coupled to the coupling body 238 (such
as via the chuck 246) for rotating the cotting tip 236, Fuorther, a stimulating current
delivered by the electrical connector 244 (such as from a stimulating energy source (not
shown)) flows to the cutting tip 236 via the electrical coupling assembly 284 as part of an
evoked potential monitoring operation.

Similar to previous embodiments, the drive member 234 is formed of or coated
with a rigid, electrically conductive material, and defines the distal portion 248, the
intermediate portion 250, and the proximal portion 252, In this regard, the distsl and
proximal portions 248, 232 are encompassed or covered by the electrically non-
conductive, insulating coating 254 (referenced generally) as previously described, whereas
the intermediate portion 250 1s exteriorly exposed.

The housing 282 is, similar to previous embodiments, formed of an electrically
non-conductive material, such as plastic. In addition, the housing 282 ix configured to
recetve and maintain the electrical coupling assembly 284, such as via a press fit
Alternatively, the housing 282 can include additional waternal features that more securely

recetve and maintain the electrical coupling assembly 284,
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With additional reference to FIG. 5B, the elecirical coupling assembly 284 has a
rotatable, bearing-type configuration, and includes an inner harness 286, an outer race 288,
and a bearing body 290, The mner harness 286 15 a generally ring-shaped body defining a
hase 292 and a plurality of fingers 294, The fingers 294 extend from the base 292 1 a
generally longitudinal fashion (relative to the longitudinal axis defined by the drive
member 234}, and combine to define an inner diameter approxumating an outer diameter
of the intermediate portion 230 of the drive member 234, Thus, upon final assembly, the
fingers 294 contact and engage the intermediate portion 250 of the drive member 234, To
ensure consistent, continuous contact, in one embodiment, the fingers 294 are “pre-
loaded” to extend radially tnwardly relative to the base 292, combiming to naturally
assume an inper diameter less than an outer diameter of the intermediate portion 250,
Regardiess, the inner harness 286 is formed of an electrically conductive metal, such as
steel.  The outer race 288 15 sinularly formed of a conductive metal, and 13 sized for
securement to the housing 282 (e.g.. press fit), Finally, the bearing body 290 s also
electrically conductive, and 1s adapted to facilitate rotation of the mmner hamess 286
refative to the outer race 288, For example, the bearing body 290 can be a ferro-fluid
bearing. In addition, or as an alternative, the bearing body 290 can include one or more
ball bearing(s) formed of an electrically conductive material (e.g., steel). Regardless, the
electrical connector 244 includes an tnsulated wire electrically coupled {e.g., welded) 10
the outer race 288, and thus, can extend through a thickness of the housing 282, With ths
configuration, an electrical pathway is established from the electrical connector 244 to the
cutting tip 236 via the electrical coupling assembly 284 and the drive member 234

Returning to FIG. SA, during use the instrument 280 is connected to the motor
assembly 232 For example, the chuck 246 {shown schematically} is connected {o the
coupling body 238, with the bearings 274 (shown schematicallv) supporting the drive
member 234 as previously described. Rotation of the chuck 246 causes the cutting tip 236
to rotate as part of a cutting operation. In addition, the instrument 280 can be employed to
perform an evoked potential monitoring operation apart from andfor simultaneously with
tissue cufting. A stimulating current 15 delivered via the electrical connector 244 to the
electrical couphing assembly 284, In particular, the stimulating current is delivered to the
outer race 288 which o turn conducts the current {o the inner barvess via the bearing

assembly 290, Intimate contact between the inner barness 286 and the drive member 234



t

{5

2

XS]
1.7

0

g

0

WO 2007/143447 PCT/US2007/069861

22

{regardless of whether the drive member 234 is rotating) conducts the apphied current to
the cutting tip 236, Once again, the insulative coating 254 prevents shunting of the current
distal the housing 282, such that the current is focused upon the cutting tip 236, In
addition, the msulative coating 254 {and/or other non-conductive features associated with
the coupling body 238) and the housing 282 combine to insulate the motor assembly 232
from the current, as well as from a user otherwise handling the housing 282, In some
embodiments, the housing 282/clectrical coupling assembly 284 serves as a re-usable
device, and thus can be repeatedly emploved with a vartety of other drive members 234
{and thus, cutting tip 236 and coupling body 238) configurations.

Regardless of an exact form of the surgical cutting instrument, a surgical cutting
system can be provided in accordance with principles of the present invention. For
example, FIG. 6 iHlustrates schematically a surgical cutting system 300 in accordance with
principles of the present invention. The surgical cutting system 300 includes a surgical
cutting instrument 310, a motor assembly 320, and an evoked potential monitor {(or
montoring) system or device 330. It has been discovered that the sequential and separate
process of probing then cutting, or vice-versa, as has been required in the past, is an area
of potential improvement addressed by the surgical cutting system 300, resulung, for
example, in an early warning system for surgeons, alerting them to potential iatrogenic
injury to neural fissue, The simultaneous catling and probing procedure described below
18 safer for the patient {as compared to the conventional technique of alternating cutting
and probing) as the surgeon is no longer required to manually estimate the appropnate
depth of cut between probing operatious, and overall procedure time is reduced.

The surgical cutting instrument 310 can be of a similar design to the surgical
cutting 1nstruments 20 (FIG. 1), 120 (FIG. 3), 230 (FIG. 4), or 280 (FIG. SA), previously
described, and generally includes a cutting tip 312 and an electrical connector 314, with
the electrical connector 314 being electrically connected to the cutting tip 312 via an
electrical pathway established by the cutting instrument 310 as previously described. The
maotor assembly 320 can assume any known form, and though shown schematically,
generally mncludes a housing, a motor and a drive mechanism/connector, with the surgical
cutting nstrument 310 and the motor assembly 320 adapted for mounting to one another
as previously described. Regardless, the motor assembly 320 and the surgical cutting

instrument 310 are assembled such that motor assembly 320 drives (eg., rotates) the
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cutting tip 312 in order to perform a cutting operation. Notably, as described above, the
motor assembly 320 s electrically isolated from the cutting tip 312 and the electrical
pathway upon mounting of the cutting instrument 310 to the motor assembly 320

The evoked potential monitor system 330 is a nerve iotegrity monitoring system,
such as a NIM-Response® 2.0 nerve integnty monitoring system available from
Medtronic-Xomed, Ine. of Jacksonville, FL. In general terms, the evoked potential
monitor system 330 is adapted to indicate when an energized probe, for example the
cutting tip 312, is proximate a nerve 340 (shown schematically) duning a surgical cuiting
procedure. For example, the evoked potential monitor system 330 can include a patient
interface console maintaming circuitry and related equipment, the console being capable
of providing a stimulating energy or current to a probe via a stimulating energy source
provided as part of the system 330, In addition, electrodes {not shown) are placed on or in
muscles that are enervated by nerves in proximity to the expected cutting area, and are
electrically coupled to the mterface console. In this manner, the electrodes signal a
response to the patient mterface console’s mternal equipment {e.g., processor) when a
stimulating current enervates a nerve of concern.  The evoked potential monitor system
330 can also inclade alarms ov other indicators as known in the art.  Regardless, the
electrical connector 314 is in electrical communication with both the evoked potential
monttor system 330 and the cutfing tip 312 (via the electrical pathway}. o this manner,
the cutting tip 312 serves as an electrical probe in conjunction with the evoked potential
monitor svstem 330 when energized via the electrical connector 314,

During use, the evoked potential monitor system 330 prompts delivery {preferably
continuous delivery) of a stimulating energy {e.g., current) through the electrical connector
314 to the cutting tip 312 via the electrical pathway established by the cotting instrument
310. The previously described surgical cutting instruments 20 (FIG. 1), 120 (FIG. 3), 230
{(FIG. 4), 280 (FIG. SA) are several examples of mstruments capable of ensuning that the
stimulating energy 1s continuously delivered to the cutting tip 312. Properly placed patient
electrodes (not shown) provide the evoked potential monitor system 330 with information
indicative of a proximity of the cutting tip 312 to the nerve 340 in response to the applied
sttmulating current.  For example, based on a comparnson of the applied stimudating
current with the signaled information from the patient electrodes, the evoked potential

monitor system 330 can detect, and/or provide the user with information indicative of, the
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energized cutting tip 312 being at or within a distance D of the nerve(s) 340 of concern.
The motor assembly 320, otherwise electrically isolated from the delivered stunulation
energy, 18 simultancously powered 1o rotate the cutting tip 312, Thus, simultancous or
substantially concurrent bone or tissue cuatting and nerve probing functions can be
performed by the system 300. Further, evoked potential monitoring can be performed via
the cutting instrument 310 with the motor assembly 320 deactivated {i.e., “off” or not
otherwise driving the cutting instrument 310),

In a related surgical cutting svstem 330 shown in FIG. 7, a surgical cutting
mstrument 352 having a cutting tip 353 is again powered by a motor assembly (illustrated
schematically m FIG. 7 as part of the cotting wstrument 352).  The surgical cutting
instrument 332 can assume any of the forms previously described. The cutting
instrument/motor assembly 352 is electronically coupled to a surgical drill console 354,
such as an XPS® console (Medtronic-Xomed, Inc., of Jacksonville, FL), having internal
cirenitry ftor controlling power delivered to the motor assembly 3520 The system 350
further tncludes a patient monitor system 356 such as an evoked potential monitor system

pe puidance

<& &

as previously described or a surgical navigation platform such as an ima
system available under the trade name LandmarX® Element IGS System from Medtronic-
Xomed, Inc., of Jacksonville, FL. Regardiess of an exact configuration, a communication
link 358 {wired or wireless connection) 15 cstablished between the surgical dnll console
354 and the patient montoring system 356, with the patient monitor system 356 being
adapted {e.g.. processor operating pursuant to appropriate programming} to prompt the
surgical dnil console 354 to disable the motor assembly 352 via a signal delivered through
the communication link 358

More particudarty, the patient monitoring system 336 is adapted to monitor a
patient 360 during a surgical procedure involving the surgical cutting instrument 352,
Patient monitoring can inclade evoked potential monitoring as previously described (e.g.,
a wire 362 can provide a stimulating current from the patient monitor system 336 to the
cutting instrument 332), or can be any other appropriate type of monitoring {(e.g., image
guidance). For example, in some embodiments, the patient monitor system 356 includes
EMG clectrodes 364, 360 ("CH 7 and "CH 27), along with a stimulation return path
electrode 368 ("STIM RETURN"} and a reference electrode 370 ("REFERENCE"). The

EMG electrodes 364, 366 are placed in muscles innervated by the nerves of concern. The
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return path electrode 368 provides a veturn path tor the stimulation current delivered by
the cutting tip 353 for embodiments 1n which the delivered simulation current Is an
isolated output that is not Earth referenced (and therefore requires its own isolated return),
The reference electrode 370 provides a common reference between the patient 360 and the
patient monitor svstem 356 {required to center the EMG signal within the input range of
the recording amplifiers}. The return path and reference electrodes 368, 370 can be placed
at a vanety of locations on the patient 360, such as the sternum, shoulder, forehead, etc.
Regardless, npon detecting or otherwise determining that the cutting tp 333 18 proximate
critical anatomy (e.g., nerve} of the patient 360, the patient monitor system 356 is adapted
to deliver a disabling signal to the surgical dnll console 354, prompting powering off of
the cutting instrument/motor assembly 352, Thus, the system 350 effectively provides an
automatic “kill-switch™ to further ensure patient safety,

Apother surgical cutting system 400 in accordance with principles of the present
wvention 1s Ulustrated schematically in FIG. 8. The system 400 mclades a surgical cutting
instrument 402, a motorized handpiece or motor assembly 404, and an evoked potential
monitoring device 206, In general terms, the system 400 is highly similar to the systems
300, 350 previously described in that the motorized handpiece 404 operates the instrument
402 to perform a cutting procedure (as described below), along with the evoked potential
monitoring device 406 atilizing the nstrument 402 to perform evoked potential probing
procedures. With the configuvation of FIG. &, however, the surgical instrument 402 is a
micro-resecting instrament that, in some embodiments, incorporates the features described
below.

With additional reference to FIGS. 9 and 10, in some embodiments, the surgical
micro-resecting mstrument 402 inclodes an oufer tubular member 410, an 1aner member
412, a hub assembly 414, and wiring/cable (or electrical connector) 416, The components
410-416 agre described in greater detail below. More generally, the inner member 412 is
coaxially disposed within the outer tubular member 410, The hub assembly 414 maintains
the imner member 412 relative to the outer tubular member 410 in a manner that allows the
inner tubular member 412 to rotate and/or oscillate relative to the outer member 410, One
ot both of the outer and inner members 410, 412 provides a probe surface (as described

below) at which a stimulation energy is applied 1o a patient as part of an evoked potential
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evaluation procedure mitiated by the evoked potential monitoring device 406 via the
wiring 416.

As best shown m FIG. 9, the outer tubular member 410 is formed as an elongated
tube, defining a distal section 430, an intermoediate section 432, and a proximal section
434, A lumen 436 extends from the distal section 430 to the proximal section 434.
Finally, the proxunal section 434 forms an open cutting window 438 (referenced generally
in FIG. 9) that 1s otherwise fluidly connected to the lumen 436, The proximal section 434
can form a cutling surface or edge 440 (referenced generally i FIG. 9) about at least a
portion of the cutting window 438, For example, with the configuration of FIG. 9, several
teeth are formed on either side of the cutting window 438, Regardless, the cutting surface
440 defines a perimeter of the cutting window 438 such that the cutting window 438 is
open to the lumen 436, With this configuration, then, the distal section 430 terminates at a
distal end 442 that 15 otherwise distal the cutting window 438 (and thus 15 closed relative
to the luren 436). The closed distal end 442 serves to distally shield a cutting surface of
the tnner member 412 upon final assembly, whereas the cutting window 438 exposes the
surface. In some embodiments, an exterior surface of the closed distal end 442 is curved.

The mtermediate section 432 extends from the distal section 430 to the proximal
section 434 and forms a bend 430, The distal section 430 can be linear i longitudinal
extension. Thus, due to the bend 450, the distal section 430 extends at or forms a bend
angle @ relative to a longitudinal axis A of the proximal section 434, The bend angle @ is
selected to facilitate desired positioning of the distal section 430 {and thus of the cutting
window 438} at a target site as part of a particular surgical procedure. With this in mind,
the bend angle © is in the range of 07-120° (i.e, in some embodiments where the bend
angle © 15 07, the intermediate section 432 1s linear along an entirety thereol). Along these
same lines, two or more bends can be provided along a fength of the cuter tubular member
410 (e.g., along one, two, or all of the sections 430-434) Further, the bend 450 can be
formed at a longitudinal position varying from that shown in FIGS. §-10.

The proximal section 434 is adapted for connection to the hub assembly 414 as
described below. In some embodiments, the proximal section 434 forms an irrigation inlet
or opening 432 adjacent the proxamal end 454, The inlet 452 1s fluidly open to the lumen

436 and, as described below, establishes a fluid connection between the lumen 436 and a
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corresponding component of the bub assembly 414, Alternatively, the proximal section
434 can assume a vasiety of other forms.

The outer tubular member 410 can be formed of a hardened, surgically-safe
material, capable of supporting the ioner tubalar member 412 at high rotationaliosciliation
speeds {e.g.. oscillation speed on the order of 5,000 rpm), while maintaining the bent
shape ilustrated. 1o addition, the matenal selected for the outer tubular member 410 1s
electrically conductive. Thus, for example, the outer tubular member 410 can be formed
of 3041 stainless steel; although a multitude of other matentals are equally accepiable.
Regardless, an outer surface 460 (referenced generally in FIG. 9) of the outer tubular
menther 410 15 coated or covered with a dielectric insulation or non-conductive material
{shown generally at 402 by stippling in FIGS, 8 and 9) along the intermediate section 432
and at least a portion of the distal section 430, The non-conductive coating 462 material
can be a polyolefin coating, but other known dielecttic or non-conductive materials can
also be emploved {e.z., can be a non-conductive shrink-wrap material apphed to the outer
tubular member 410}, In some embodiments, the outer surface 460 along the proximal
section 434 is preferably free of the non-conductive coating 462 to provide a contact point
for the wiring 416, In addition, a distal region 464 of the distal section 430 can also be
free of the non-conductive coating 462. As described belJow, the exposed distal region 464
defines a surface from which electrical energy can be conducted. In some embodiments,
the exposed distal region 464 encompasses the cutting window 438, while in other
embodiments, the cutting window 438 is covered by the non-conductive material 462.

The wnner member 412 15, in some embodunents, an elongated tube and thus can be
referred to as an “inner tubular member,” it being understood that the inner member 412 is
not limited to a tubuodar design. Regardless, the inner member 412 defines a distal portion
470, an intermediate portion 472, and a proximal portion 474, Further, the inner member
412 can define a central lumen 476 extending from the distal portion 470 to the proximal
portion 474, The inner member 412 15 sized to be coaxially received within the outer
tubular member 410, with the proximal portion 474 adapted for mounting to the hub
assembly 414 as described below.

Sinutlar to the outer tubular member 410, the tnner tubalar member 412 1s formed
of electrically conductive material{s) {e.g., metal). While, as described below, the portions

470-474 need not be coonstructed identically, each portion 470-474 is electrically
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conductive such that when assembled to the outer wbular member 410, electrical energy
can be conducted from the outer tubular member 410 to the inner member 412 Af least
the mtermediate portion 472 can have a flexible construction such that the inner member
412 will assurse the shape of the outer tubular member 410 (and in particular the bend
450) upon insertion of the inner member 412 within the outer tubular member 410. For
example, the intermediate portion 472 can be or includes a wound coil(s) or remnforced
tube(s) {e.g.. inner and outer spiral wraps assembled over a spiral cut formed in the 1oner
member 412), series of laser cut/dovelailed sections, ete. (it being undersiood that the
ntermediate section 472 is illustrated generally in FIG. 9). Regardless, while the portions
470-474 may have differing constructions {(e.g., the distal and proximal portions 470, 474
are metal tubes, whereas the intermediate portion 472 13 a wound metal coil), the inner
member 412 has an overall construction capable of maintaining structural integrity when
rotated and/or oscillated at high speeds {(e.g.. oscillation speeds on the order of 5,600 rpm).

The distal porttont 470 forms or includes a cutting tip 480, The cutting tip 480 i3
fluidly open to the central lumen 476 (e.g., serves as a mouth to the central fumen 476),
and is defined by or forms a plurality of teeth 482 (commonly known as a micro-resecting
“blade’™. With this configuration, the cutting tip 480/eeth 482 provide a micro-resecting
surface alone or in combination with the cutting surface 440 associated with the outer
tubular member 410 as 1s known 1 the art.  Thus, the cutting tip 480 can assume g verity
of forms.

A proximal end 484 of the inner tubular member 412 is also open to the lumen 476
in some embodunents, and provides an aspiration pathway for aspirating material from the
cutting tip 480 to the proximal end 484 via the lumen 476.

Regardiess of exact confliguration, at least a majority of an mner diameter of the
outer tubular member 410 can be shightlv farger than an outer dimmeter of the inner
member 412 50 as to establish a gap between the two components 410, 412 upon tinal
assembly. As described in greater detail below, this gap establishes an interior irrigation
pathway by which an brrigation flaid can be delivered to the cutting window 438,

The hub assembly 414 can mclude a first bub 490 and a second hub 492, One
exernplary description of the hubs 490, 492 1s provided below.  In more general terms,
however, the hub assembly 414, and in particular the hubs 490, 492, are configured to

retain the inner and outer members 410, 412 relative to one another, as well as to provide a
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mechanism for rotating/oscillating the inner member 412 via the motorized handpiece 404
(FIG. 8). In addition, the hub assembly 414 is configured to electrically isolate the nper
and outer members 410, 412 from the motorized handpiece 404, and thus serves as an
electrically non~conductive coupler. For example, each of the first and second hubs 490,
492 can be formed of a rigid, electrically non-conductive material, such as ABS plastic.

With the above in mind, the {irst hub 490 can serve as an outer hub and is
configured to retain the outer tubular member 410, as well as the inner member 412 and
the second hub 492, In this regard, the fivst hub 490 is an elongated body defining a
proximal end 500, a distal end 502, a proximal passage 504, a distal passage 506, an
aspiration port 508, and an frrigation port S10. The proximal passage 504 extends from
the proximal end 300 and is sized to receive a portion of the second hub 492, Further, the
proximal passage 504 15 fluidly connected to the aspiration port S08. The distal passage
506 1s fhudly connected to, and extends from, the proximal passage 304, termmating at the
distal end 502, The trrigation port 510 1s fhadly connected to the distal passage 506, As
described below, the distal passage S06 is sized in accordance with an outer diameter of
the outer tubular member 410 such that the outer tubular member 410 is coupled to the
first hub 490 wvpon final assembly.  Fuorther, a position of the imigaton port 510
corresponds with the position of the urigation slot 452 formed by the outer tubular
member 410 such that upon final assembly, the smigation let 452 15 aligned with the
irrigation port 310, As desciibed below, then, the first hub 490 provides both an irmigation
pathway for internal trrigation and also an aspiration pathway for the aspiration of fluids
and other bodily material during use.

The second hub 492 serves as an inner, rotating hub and is an elongated body
defining a proximal segment 320 and a distal segment 522 The proximal segment 520 18
configured to releasably secure the surgical micro-resecting instrument 402 to the
motorized kandpiece 404, and may include a coupling device such as a spring 524, The
distal region 522 is sized to be slidably received within the proximal passage 504 formed
by the first hub 490, and forms a radial passage 526 and a longitudinal passage 528 The
longitudinal passage 528 1s sized to receive and maintain the proximal end 454 of the inner
member 4120 The radial passage 320 15 m fluid communication with a longitudinal

oy

passage 528, and 15 generally aligned with the aspiration port 808 upon final assembly.
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With this configuration, then, fhuids and other bodily materials can be drawn through the
central lumen 476 of the inner member 412 via the aspiration port 508.

The wiring 416 is akin to the electrical connector 132 (FIG. 1) previously
described and thus can be an insulated wire having a terminal end 540 (FIG. 10). The
terminal end 340 is electrically connected to the outer tubular member 410, such as by
soldering or otherwise connecting {e.g., a metal fastener, conductive adhesive, crimping,
press-fit, etc.) to the “exposed” outer surface 460 along the proximal section 434 of the
outer tubular member 410, With the confligurations of FIGS. 8 and 9, an electrically non-
conductive cap 542 is provided to encompass the terminal end 540/outer tubular member
410 interface. The non-conductive cap 542 can be permanently assembled to the outer
tubular member 410, or can be provided as a disposable component used to convert an
existing surgical micro-resecting instrument to a stimulating probe by securing electrical
wirtng to an outer surface of the mstrument. In other embodiments, the wiring 416
extends through a passage in the fust hub 490 (e, as part of an over-molding
manufacturing step) as shown m FIG. 10, such that the cap 542 can be eliminated.

Assembly of the micro-resecting instrument 402 includes electrically coupling the
terminal end 340 of the wiring 416 to the outer tubular member 410, The proximal section
434 of the outer tubular member 410 is then assembled to the distal end 502 of the first
hub 490, As shown i FIG. 10, upon final assembly the immgation wlet 452 of the outer
tubular member 410 15 aligned with the urigation port S10 of the first hub 490.

The proximal portion 474 of the mner member 412 is assembled 1o the distal
segment 522 of the second hub 492, The mner member 412 is then coaxially disposed
within the outer tubular member 410. 1n this regard, the distal segment 422 of the second
hub 492 is coaxially placed within the first hub 490, In one embodiment, seal rings S350
(FIG. 10} are positioned proximal and distal the radial passage 526 to seal the radial
passage 526 of the second hub 492 relative to the aspiration port 508 of the first hub 490,
The seal rings 550 also seal the aspiration port 508 relative to the urigation port 510, In
alternative embodiments, one or both of the aspiration or irrigation features can be
eliminated; accordingly the inner member 412 need not be a tube and instead 1s a solid
shaft,

Upon final assembly, an electrical pathway is established by the micro-resecting

instrument 402 from the wiring 416 to a probe surface 560 (referenced generally in FIGS.
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8 and 1) via the clectrically conductive construction of the outer tubular member 410,
The probe surface 360 is defined, 1o one embodiment, af least i part by the exposed distal
region 464 of the outer tubular member 410, The outer tubular member 410 is electrically
insulated distal the hub assembly 414 by the non-conductive material 462 {3t being
understood that in the cross-sectional view of FIG. 10, the non-conductive material 462 is
not visible due to its highly thin nature in one embodiment) except at the exposed distal
region 404 such that electrical energy applied to the outer tubular member 410 (such as
part of an evoked potential probing procedure) conducts away trom the outer tubular
member 410 only at the exposed region 464, 1n addition, the electrical pathway can also
ctude conduction of electrical energy to the cutting tip 480 of the inner tubular member
410, such that the probe surface 560 can further include the cutting tip 480. For example,
the inner and outer members 410, 412, are nomally in intimate, metal-to-metal contact
due to, in part, the bead 450, Electrical energy conducted from the wiring 416 to the outer
tubular member 410 is similarly conducted to the inner member 412, and thus the cutting
tip 480. Where desired, this electrical conduction can be further enhanced or ensured via
the addition of an electrically conductive grease (not shown) disposed between the nner
and outer tubular members 410, 412, With the above in mind, in some embodiments, the
probe surface 560 is defined by the exposed distal region 464 alone; in other embodiments
by the cutting tip 480 alone; and n yet other embodiments by a combination of the
exposed distal region 464 and the cutting tip 480. Regardless of exact construction, the
probe surface 560 is in close proximity to, or includes, the cutting window 438 and thus is
indicative of a location of the cutting window 438/cutting tip 480,

In addition to the electrical pathway described above, the micro-resecting
instrument 402 can provide an aspiration pathway from the aspiration port 508 to the
cutting tip 480 of the inner member 412 via the central lumen 476 thereof. Similarly, an
irrigation patleway 1s provided from the trrigation port 310 to the cutting window 438 via g
spacing between the inner and outer members 410, 412,  Alternatively, the aspiration
pathway and/or the irrigation pathway can be eliminated.

Prior to use, and returning to FIG. 8, the surgical micro-resecting instrument 402 is
assembled to the motorized handpiece 404, The motorized handpiece 404 can agam
assume a wide variety of forros, and 15 generally assembled to the surgical micro-resecting

instrument 402 by capturing portions of the first and second hubs 490, 492, One example
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of this relationship ts shown in FIG. 11 (3t being understood that in the view of FIG. 11,
the second hub 492 is entirely encompassed within the motorized bandpiece 404}
Notably, while the motorized handpicce 404 contactsfengages the first and second hubs
490, 492, the outer and inner members 410, 412 are electrically solated or msulated from
the motorized handpiece 404 via the non-conductive nature of the hub assembly 414,
Thus, the hub assembly 414 serves as a non-conductive coupling body for assembly that
electrically 1solates the motonzed handpiece 404 from the electrical pathway established
by the micro-resecting mnstrument 402,

Returning to FIG. 8, the wiring 416 1s connected o the evoked potential
momtoring device 406, In particular, and as previously described, an energy source (not
shown) associated with the evoked potential monitoring device 406 1s electrically
connected to the wiring 416 such that electrical energy generated by the energy source is
conducted through the wiring 416 and thus, through the electrical pathway to the probe
surface 360. The evoked potential monttoring device 406 can further be electronically
coupled to the motorized handpiece 404, with the evoked potential monttoring device 406
being programmed to disable the motorized handpiece 404 in response to certain sensed
events as described below,

During use, the system 400 operates in a manner highly similar to that described
above with respect to the system 330 (FIG, 7). As part of a micro-resecting procedure, a
user directs the cutting window 438 toward a target site {for example, as part of an
endoscopic procedure). In connection with this placement, an evoked potential monitoring
procedure can be performed to evaluate a proximuty of the probe surface 560, and thus of
the cutting window 438/cutting tip 480 (FIGS. 9 and 10) relative 1o a bodily site or
structure of interest (e.g., nerves). In particular, the evoked potential momtonng device
406 prompts delivery {preferably continuous delivervy of a stimulation energy {(e.g.,
current) through the wiring 416 to the probe surface 560 via the electrical pathway
established by the micro-resecting instrument 402, Properly placed patient electrodes (not
shown) provide the evoked potential monitoring device 406 with information indicative of
a proximity of the probe surface 360 {and thus of the cutting window 438/cutting tip 480)
relattve to the bodily structure of mterest {(e.g., nerves) in response to the applied
stimulation energy.  For example, based upon a comparison of the applied stimulation

energy with the signaled information from the patient electrodes, the evoked potential
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monitoring device 406 can detect, and/or provide the user with information indicative of]
the probe surface 560 {and thus, the cutting window 438/cutting tip 480} being at or within
a close proximity of the bodily structure of concern.

Once the user ts contident that the cutting window 438 15 safely away from nerves
{or other bodily site or structure of interest), the motorized handpiece 404 is operated to
perform a micro-resecting procedure at the target site, whereby the inner member 412
(FIGS. 9 and 10) is rotated/oscillated relative to the owter tubular member 410 such that
contacted bone, tissue, or other bodily matenial in contact with the cutting tip 480 (FIGS. @
and 10) at the cutting window 438 is resected. During the micro-resection operation, the
evoked potential monitoring device 406 can be operated to continuously evaluate a
proximity of the probe surface 560 relative {o nerves or other bodily structures of sites of
interest.  Further, in some embodiments, the evoked potential monitoring device 406 is
adapted and programmed to produce an alarm (visual, audible, or both) to the user in the
event the probe surface 560 is sensed to be m close proximity to a nerve {or other bodily
structure). 1o other embodiments, the evoked potential monitoring device 406 is adapted
and programmed to automatically disable the motorized handpiece 404 apon determining
that the probe surface 560 is in close proximity to the bodily site/structure of interest.

Where desired, the surgical target site and/or the cutting window 438 can be
irrigated via fluid supplied from an svigation source {not shown) {o the irrigation port 510
and thus to the cutting window 438, Similarly, resected bodily matenial can be aspirated
from the target site via application of a vacuum {not shown) on the aspiration port 508 that
1s otherwise fluidly connected to the cutting tip 480 (FIGS. 9 and 10).

While operation of the system 400 has been described with reference to procedures
in which a proxtmuty of the probe surface 360 relative 10 nerves is evaluated or detected
{for example as part of an ENT surgical procedure {e.g., sinus surgerv), intervertebral disc
procedures, eie.), a vanety of other surgical procedures can also benefit from the system
400 that otherwise provides evoked potential monitoring. For example, the system 400
can be used as part of an ocular surgical procedure in which the evoked potential
monitoring device 406 can be used to detect whether the probe surface S60 (and thus the
cutting window 438/cutting tip 480) has broken thwough the thin or brittle bone. In
particular, the evoked potential monitoring device 406 can detect, via a rapid drop in tfissue

impedance, that the orbital bone has been compromised. Under these circumstances, the
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evoked potential monitoring device 406 can be configured 1o immediately disable
operation of the motorized handpiece 404 50 as to prevent possible patient harm.
Regardless of the particular surgical procedure with which the system 400 15
emploved, performance of the evoked potential monitoring operation is characterized by a
low level stimulation energy being provided to the probe surface 560, In particular, only a

tow level stunulation energy (on the order of 0.01 mA-30.0 mA) 1s required, and Is
selected 50 as to not cause cauterization of human tissue. Thus, 1 some embodiments, the
energy source associated with the evoked potential monitoning device 406 does not deliver
RF energy that might otherwise cause tissue cauterization at the probe surface 560,

Another surgical micro-resecting system 600 in gecordance with aspects of the
present invention is shown in FIG. 12, The system 600 is sunilar to the system 400 (FIG.
8) previously described, and includes a micro-resecting nstrument 602, the motorized
handpiece 404, and the evoked potential monitoring device 406, With additional reference
to FIG. 13, the micro-resecting instrument 602 1s similar to the instrument 402 (F1QG. 8),
and general includes an outer tubular member 610, an inver mernber 612, a hub assembly
614, an irrigation assembly 616, and wiring 618, The inner member 612 is coaxially
disposed within the outer tubular member 610, and in one embodiment is tubular. The hub
assembly 614 mauntains the outer and inner members 610, 612 so as to facilitate rotation
of the 1ner member 612 via the motorized handpiece 404, The wrrigation assembly 616
provides an irrigation pathway from an irigation source {not shown). The wiring 618
electrically  connects the micro-resecting instrument 602 to the evoked potential
monttoring device 406, and in particular an energy source (not shown) thereof. I this
regard, the hub gssembly 614 serves as a non-conductive coupling, electrically isolating
the micro-resecting instrument 602 from the motorized handpiece 404,

With specific reference to FIG. 13, the outer tubular member 610 is similar in
many respects to the outer tubular member 410 (FIG. 8) previously described, and
generally defines a distal section 630, an intermediate section 632, and a proximal section
634, A lumen 636 extends from the distal section 630 to the proximal section 634, with
the distal section 630 forming a cutting window 638 that is otherwise thadly open to the
lumen 636, In some embodiments, the cutting window 638 extends to a distal end 640 of

the outer tubular meraber 610 such that the distal end 640 is radially open to the lumen
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636. In other embodiments, a tip (not shown) is further provided, extending distal the
cutting window 638,

The intermediate sectton 632 extends from the distal section 630 and, with the one
embodiment of FIGS. 12 and 13, forms a bend 650, Once again, the bend 630 can assume
a wide variety of forms or angles, and multiple bends can be defined. Conversely, the
outer fubular member 61{) can be linear or straight along an entire length thereof.

The proximal section 634 1s configured to be maintained by the hub assembly 614,
and terminates at a proximal end 660,

The outer tubular member 610 is formed of an electrically conductive material
{e.g, stainless steel) and is electrically coupled to the wiring 618 at the proximal section
634, As a point of reference, FIGS. 12 and 13 idlustrate the outer tubular member
610/wiring 618 interface as being exposed, distal the hub assembly 614, In a non-limiting
more preferential construction, the mterface 1s extertorly covered, such as by overmolding
the wiring 618 within a component of the hub assembly 614, providing a separate
cap/cover {e.g., akin to the cap 542 of FIG. 9), etc. Regardless, a dielectric insulation or
electrically non-conductive material 670 (shown with stippling in FIGS. 12 and 13} is
applied to an exterior surface 672 (referenced generally) of the outer tubular member 610
along the intermediate section 632 and at least a portion of the distal section 630. The
exterior surface 672 along a distal region 674 of the distal section 630 can remain exposed,
as well as along the proxaimal section 634, With this contiguration, then, electrical energy
provided by the wiring 618 is applied to the proximal section 634 and conducted along the
outer tubular member 610, The non-conductive material 670 electrically wsulates the
outer tubular member 610 except at the exposed distal region 674, Alternatively, an
entirety of the distal section 630 is encompassed by the non-conductive material 670,

The inner member 612 1s simifar to the inner member 412 (FIG. 8) previously
described, and includes a distal portion 680, an intermediate portion 682, a proximal
portion 684, and a lumen 08¢ {with configurations in which the inner member 512 is
tubular). The distal portion 680 forms or includes a cutting tip 688 that, in the one
embodiment of FIG. 13, 15 a bur head including teeth 690, The cutting tip 688 forms a
certral opening 692 (referenced generally) that is Huidly connected to the lumen 686
With this configuration, then, materials can be aspirated through the opening 692 via

application o