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A surgical cutting instrument for use with a drive motor, and related system and method, Is described. The surgical cutting

Instrument Includes an elongated drive member, a cutting tip secured to the drive member, a non-conductive coupling body
adapted for connection to a motor assembly, a housing maintaining the coupling body, and an electrical connector for connection
to a stimulating energy source. The electrical connector Is In electrical communication with the cutting tip via an electrical pathway.
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Abstract

A surgical cutting instrument for use with a drive motor, and related system
and method, 1s described. The surgicql cutting instrument includes an elongated drive
member, a cutting tip secured to the drive member, a non-conductive coupling body adapted
for connection to a motor assembly, a housing maintaining the coupli.ng body, and an
electrical connector for connection to a stimulating energy source. The electrical connector is

in electrical communication with the cutting tip via an electrical pathway.
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INSTRUMENT FOR SURGICAL CUTTING

The following is a divisional of CA 2,627,591, which was filed on October 26, 2006.
Background '
~ The present inyention relales to surgical cutting and surgical cutting instruments.
More particularly, aspects relate to swgical cutting insfruments and systems capable of
both high-speed cutting and, in some embodiments elecinical probing or evoked potential
raomitoring functions, as well as procedures utilizing such a device.
Surgical cufting instruments ars comnmonly used to perform a variety of
procedures. For example, many neurotological surgical operations involve partial or fotal
remaoval of bone or other hard tissue via a high-speed rotating bur or other cutting tips.
Exermaplary procedunes in this field include cochleostomies, removal of acoustic
neuroma tumors, and removal of the scutum in a tympanoplasty. Numerous other surgical
operalions have sunifar bone/hard tissue cutting or removal requirements. The typical
surgical cutting instrument s akin to a dnill, including a drill handpiece that totates a
cutting implement. The handpiece houses a motor and a chuck or other adapter, with the
- chuck being rotated by the motor under the control of a foot-operated or finger-operated
swilch. | '
| Human nerves are often in close proximity to an area of bone or tissue removal in
many surgical pmcednres. Thus, one overarching concem relating to these fyvpes of
- surgical cutting operations and instruments 1 the danger of severing or otherwise
damaging nerves through inadvertent cutiing or excessive beat, For example, when a
straight bur cufting instrument is used for bulk bone removal, a surgeon might be
- concarned wifl over-gggressive cutting as well as wobble and associnted nerve damage.
~As another sxample, a curved bur cuttin g instrument used in finer cutling
“applications might bave a high thermal discharge at the cutting bur giving rise 10 nerve
damage coucens.
indeed, often times the above-described surgical cutting instruments raquire
edditional steps and instruments for measuring nerve Jocation to complete a surgical
procedure. For example, a mastoidectomy can entail exposing the mastoidperiostien and
~ then carefully drilling/removing the mastoid bone using a cutting instrurment aud
| microscope. Moreover, a patient may bave abnormal anatomy dueto congenifal or
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inirogenic defects that places nerves in unanticipated regions such that the anatomical

tandmarks a surgeon might otherwise normally refer to as a guide for neurat tissus may
~not exist. While canying out such procedures, a surgeon can be reguired to sequentially

cuf with a surpical cutting instrument and then probe a cut area for nerves with a separate

5 evoked potential monitoring system handpiece. This is clearly time-consuming and thus
undesirable.
|
Swmmary

Some embodiments of the present invention relate to a surgical cutting instrument for
10 ~use with a motor assembly having a mofor and a drive mechanism. The cutting instrument
includes an elongate drive member defining a proximal section and a distal section, &
cutting tip secured to the distal section of the drive member, and a non-conductive
coupling body adapted for connection to a motor assembly drive mechanism, the coupling
boddy secured to the proximal section of the drive member, The instrument also includes a
15 honsing maintaining the coupling body and the proximal section of the drive member, and
an electrical connector for connection 1o 2 st mulating energy source. In particular, the
electncal connector is i electnical communication with the cutting fip via an electrieal
pathway established by at least the drive member. Tn one embod iment, the cutling
instrument has a cnrved configuration; in another embodiment, the cutting instrument s
20 stratghit,
Other embodiments of the present invention relate to a surgical cutting system
including a surgical cutting instrument, a motor assembly, and an evoked potential
monor system. The surgical cufting instrument includes an elongate drive member, g
~cutiing tip, & non-conductive coupling body, a bousing, and an electrical connector in
25 electrical communication with the cutting tip vin an electrical pathway. The motor
assembly includes a drive molor and a drive mechanism driven by the motor, The '
coupling body and the drive mechanism are configured to releagably mount to one
another. The coupling body electrically isolates the drive mechanism from the cuifing tip
electrical pathway upon mounting of the culting instrument to the motor assembly. The
30 evoked potential monitor system ingludes an enéi‘gy soree selectively eleptrically coupled
-t the cutting tip via the elecirical connector for applying a stinnlating engrgy to the
cutling tip via the electrical connector and the electrical pathway.
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Yt other embodiments of the pméen timvention relate 10 a method of performing a
surgical culting procedure including providing a surgical cutting insirument baving sn
elongate drive member, & cutting tip, a non-conductive coupling body, a housing and an
electiical connector electrically connected to the cutting ip via an electrical pathway. A

- motor assembly 18 coupled to the coupling body. An evoked potential momitoring sy stem

is connected 1o the cufting instrument via the el ectrical connector such that an eNErRY
source of the evoked pofential monitor sysiem is in elecirical communication with the
cutting uip. The motor assembly s operatéd to gffectuate performance of 8 cutting
operation with the cutting tip. A stimulation goergy is applied to the cutting tip to
faciiitale delecting a proxamity of the culting tip 1o a nerve by the svoked potanﬁ sl monitor
system, '

Yet other embodiments of the present invention refate 1o a surgical cutting
intrument for use with 8 motor assembly including a motor housing and a mofor driving
drive mechapism. The surgical culting instrument includes an elongate drive member, a
cutting tp, & nop-conductive coupling body, and a non-conductive instrument housing.

The cutting tip is secured 1o a distal section of the elongate drive member, whereas
the pon-conduciive coupting body is secured to a proximal section thereof. Further, the

non-conductive coupling body is configured for selective altachment to the drive

- mechasism of the motor assembly. The instrument housing is provided apart from the

housing, aud maintains a portion of the elongate drive member and the coupling body.
Upon mounting 10 the motor assembly, the coupling body and the instrument housing
isolate the culting tip from elecirical or triboelectric noise generated by the motor

assembiy,
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According to one embodiment of the present invention, there is provided a
surgical cutting instrument for use with a motor assembly having a motor and a drive
mechanism, the instrument comprising: an elongate drive member defining a proximal section
and a distal section; a cutting tip secured to the distal section of the drive member; a non-
conductive Coupling body adapted for connection to a motor assembly drive mechanism, the
coupling body secured to the proximal section of the drive member; a housing maintaining the
coupling body and the proximal section of the drive member; a fluid coupling assembly in
fluid communication with the drive member, the fluid coupling assembly adapted for fluid
connection to a source of electrically conductive fluid; and an electrical connector in electrical
communication with the cutting tip via an electrical pathway established by at least the drive

member and the tluid coupling assembly, the electrical connector adapted for electrical

connection to an energy source.

According to another embodiment of the present invention, there is provided a
surgical cutting system comprising: a surgical cutting instrument, the cutting instrument
including: an elongate drive member, a cutting tip attached to a distal section of the drive
member, a non-conductive coupling body attached to a proximal section of the drive member,
a housing maintaining the coupling body and the proximal section of the drive member, a
fluid coupling assembly 1n fluid communication with the drive member, the fluid coupling
assembly adapted for fluid connection to a source of electrically conductive fluid, an electrical

connector 1n electrical communication with the cutting tip via an electrical pathway
established by at least the drive member and the fluid coupling assembly; a motor assembly
including a motor and a drive mechanism selectively mounted to the non-conductive coupling
body such that the drive mechanism is electrically insulated from the electrical pathway, the
motor adapted to rotate the drive member; and an evoked potential monitor system having an
energy source selectively coupled to the electrical connector for applying a stimulating energy

to the cutting tip via the electrical connector and the electrical pathway.
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Brief Description of the Drawings

FIG. 1 is a cross-sectional view of one embodiment 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. 1.

FIG. 3 is a cross-sectional view of another embodiment surgical cutting

instrument in accordance with principles of the present invention.
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RIG. 4 15 a cross-sectional view, inclading portions shown schematically, of
another embodiment surgteal culting instrument in aceordance with principles of the
present invention in conjunction with & motor assembly.

FIG. 5A is a cross-sactional view ol another entbodiftient surgical cutting

3 instrumnent in accordance with principles of the present invention in conjunction with s
maotor assembly,

FIG. 3B is a cross-sectional view of a portion of the instrument of FIG, 5A.

FIG. 615 & schematic tlustration of a surgical cutting systeot i accordance with
principles of the present mvention.

10 RiG. 7 18 & schematic ilustration of another surgical cutfing svslem in accordance

with principles of the prosent invention.

Detatled Description
One embodiment of a surgical cotting instrument 20 is shown in FIGS. 1 and 2.
15 The surgical cutting nstrament 20 inchudes an outer suppnt tube 22, an elongaie dnive
member 24, a cutling tip 26, & coupling body {e.2., a tang) 28, a housing 30, and an
electrical connector 32, In general torms, the elopgafe drive member 24 is coaxially
disposed within the outer support tube 22. The cutling tip 26 is comnected o and extends
distally from the elongate drive member 24, The coupling body 28 is secured to the
20 elongate drive member 24. The housing 30 mamnaing the outer support tube 22 and the
coupling body 28. The ¢lectrical comnetior 32 delivers electrical energy from 3 source
(not shown) to the culting tp 26 via an electrical pathway established, af least in part, by
the drive member 24, with the coupling body 28 electrically tsolating the elecirical
pathway {rom components (2.8., a mofor assenibly) otherwise proximally inountad 1o the
25 coupling body 28.

In some entbodiments, 8 journal bearing is established between the elongate dove
meniber 24 and the outer tube 22 upon rotation of the elongate drive mamber 24 relative to
the outer tibe 22 (e.g., via a motor assensbly {not shown)). In some embodiments, the
surgical cutting instrument 20 and components thereof provide one or more features that

30 Facilitate extromely high rotational speeds (on the order of 80,000 RPM), with the outer
tube 22, and thus the slongate drive member 24, defining one or more curved sagments
where desired. U.S. Application Serial No. 10/776,835 {filed Febrvary 11, 2004 and
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entitled “High Speed Surgical Cuthing Instrument™),
describes examples of such features in gecordance with one embodinient.

The outer tube 22 is an elongate wbulm"body. defining a proximal region 40

~ terminating at & proximal end 42, a distal region. 44 terminating at s distal end 46, and an

intermediate region 47 between the proximal and distal regions 40, 44. Funher, 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 onter tube 22 forms the lumen 48.

The outer tube 22 can assume a variety of longitudinal shapes. As shown at 52 in
FIG. 1, 1n one embodiment, the outer tabe 22 includes a carved segment at or along one or
both of the intermuediate region 47 and/or the di_étal region 44, In addition, the outer tube
22 is constructed 1o facilitata 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 deétail below, the outer tube 22 acts as a part of an
glectrical pathway in some embodiments of the present invention. As such, atJeast a
portion of the outer tube 22 is construcied of an elecirically conductive material such that
the outer tube 22 1s capable of being m elechical communication with the elongate drive
member 24 and the electrical connector 32, The outer tube 22 is also constructed of 8
material gselected to provide the outer tube 22 with high strength, bigh stiffness

“chavacteristics satisfying dimnensional and curvature constraints as desired. [n one

embodiment, the outer tube 22 15 made of conventional surgical instrument materials, such

as sfatnless steel.

Returning to FIG. 2, the elongate drive member 24 includes a proximal seciion 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 18 also constructed to be relatively thin, In particular, the

thinness of the elongate member 24, in combination with the absence of a bal! bearing
assembly as part of the instrument 20, allows the fumen 48 to have a relatively sm af ]
diameter, such that even with a preferred, minimized outer digmeter, the oufer tube 22 can
have sufficient thickness to provide requisite stiflness when an appropriate material (e.g.,

- 17-4 stainless steel) is selected for the outer tube 22,
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In one embodiment, the clongale drive member 24 is also constructed to facilitate a
rotating journal begring relative to the ouler tube 22 while mainiatning slructural megrity
along & curved axial length. In particudar, the slongate drive menber 24 is formed to
exhibif high strength and good fatigue characteristics. Additionally, at {east a pottion of

the elongate drive ruember 24 18 made of a conductive material to facilitate slecincal

<%

conununication between {he outer support tube 22, the slongaie 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. Altematively, other
materials exhibiting the desived durability, fracture resistance, glectrical conduciivily, sic.,

10 can be employed for the elongate drive mermber 24.

Assambly of the surgical cutting instrument 20 is deseribed in greater datail below.

With respect 10 assembly of the otter tube 22 and the elongate diive member 24, bowsver,
a Inbricant (not shown) is preferably provided along a lengih of the inferface between the
bwo components 22, 24 to facthitate formation of a hydrodynamic journal bearing

13 therebetween. The elongate drive member 24 effectively “floats™ relative to the outer tube
22 upon rofation of the efongate drive member 24 as it is supported by a hvdrodynamiic
effect, As descnbed m yreater detast below, mttmate contact between the outer tube 22
and the drive mieruber 24 ensures thal the desired electrical pathway is constantly
maintained batween the components 22, 34, such that the lubricant need not necessarily he

2 electrically conductive. In anotber embodiment, fhie lubricant is elecirically conductive
and further facilitates electrical commumication between the outer iube 22 and the elongate
drive mwevuber 24, Thus, in one embodiment the hubricant is an electrically conductive
grease lubricant, such as a lubricant avarlable from Nve Lubricants of Fairhaven, MA,
ninder the trade name Nyogel 756G, Howevar, in Hight of this description, it should be

25 understood that other conductive fubricant matenials can be employed.

The cutling tip 26 can assume 8 vanety of forms, and in one ewbodiment includes

a cufting bur 70 gud an sttachmenst end 72, The attachment end 72 1¢ sized to receive the
distal section 62 of the elongate drive mesnber 24, To this end, the cutling tip 26 can be
securad {0 the distal section 62 of the elongate drive muember 24 via g manber of known

30 - processes such as, for example, welding, brawsing, press-fitting, thermal shrink fitling,
achesive, ete. Altematively, the elongate drive member 24 and the cutting tip 26 can be
integrally formed such as by machining the elongate drive member 24 and the cutting tip
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26 from a single piece of stock material. Regardless, the elongate dnve member 24 and
the cutting fip 26 should be secured in a manner 0 facilitale electrical communicalion
befween the two conmponents 24, 26, As such, the cutling tip 26 i3 formed of electncally
conductive material, such as nickel alloy materials in one embodiment. While thie cutting
tip 26 pught inclade such cutling structures as small dizmond burs, it should be understood
that the spaces between such structures and the nssue and {luid associated with cotting
operations allow an elecincal interface between a cutting area (not shown} snd conductive
portions of the cutiing tip 26. Regardless, the overall form of the cudting bur 70 can
assume a varisty of shapes and sizes koown in the art {e.g.. 2 mm fhaed, 1 nun diamond,
eic.). AHernafively, the cutbing fip 26 can assume any other fonn approprigie for fissus
and/or bons guthing procedures.

The coupling body 28 can assume 2 variety of forms but is genwrally configured to
factlrtate connwction 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 insulsted Trom the elongate drive mamber
24. In one such embodiment, the coupling body 28 is formed of a non-conductive material
i order 10 ensure that the motor assembly 18 electrically msalated from the elongate drive
member 24, Por example, (1 one embodiment the coupling body 28 is formed of non-
condnctive ceramic or plastic material, such as an Ultem ® resin avatiable from GE
Plastics of Pitishield, MA or other polymeric or ceramic materials exhibiting similar tensile
strength, Allernatively, the coupling body 28 can be formed from metal/metal alloy with a
thin, non-~conductive exierior conling,

1t should be understood that the motor assembly (not shown) can be of' the tvpe
typicatly emploved with surgical cufting instruments, such as electric, batierv-poweared, or
pneumatic. One exeraplary motor assembly 18 available from Medironic~-Xomed of
Jucksonville, FL under the trade name Visao®®. Alternafively, other types of motors or
drill drive systers can be emploved. In peneral terms, the motor assembly includes g
housing maintsining a drive motor. The motor drives (e.2., rotates) o shafl or other drivs
mecharnism that is connected 1o the elongate drive member 24 apon mounting of the
cutting instrument 20 10 the motor assembly. To this end, the drive mechanism can
includs 8 connector of & type typically enploved with surgical cutting instruments that
facilitates connection or coupling to the cutiing device, such as a mechanical connector
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{e.g., the drive mechanism can include a chuck extending from a motor-griven shaft
appostte the drive motor), non-contacting air-driven coupling, ete. With this in mind the
coupling body 28 of FIGS, 1 and 2 is adapted for use with a mechanical<type drive
mechanism connector {8.8., chuck) for selective mounting of the coupling body 28 to the
drive mechanisny, with the coupling body 28 electrically isolating the drive mechanism,
and thus {he motor, front the clongale drive member 24,

In more spectiic terms, and in one embodiment, the coupling body 28 is defined by
a distal portion 80 and a proximal portion 82. The distal portion 80 forms a first passage
B4 extending frons a distal end 86 thereofl The {irst passape 84 defines a diameter sized to
loosely receive the proximal end 42 of the oater tube 22, serving fo generally align the
guter tube 22 ralative to the proximal portion 82, Importantly, the distal portion 80 can
rotate fresly about the outer tabe 22, The proximal portion 82 forms a second passage 87
extending proximatly from the first passage 84, The second passage 87 18 sized to receive
and maintain the proximal section 60 of the elongate dave member 24, In this regard, the
coupling body 28 can be further secured o the proximal section 00 of the elongate drive
member 24 by a variety of techniques. For example, the coupling body 28 can be over-
molded onto the elongate drive member 24, Howsver, in one embodiment, the coupling
body 28 is turther secured to the proximal section &0 of the clongate drive member 24 by
an epoxy, such as Loctite® M-31CL ™ available from Henkel Loctite Corp.

Alternatively, other epoxies or adhesives can be uged.

The proximal porfion 82 of the coupling body 28 forms 1 groove 90 and a tang 92
each adapied 1o facilifate coupling {0 the mwtor sssembly drive mechanism {nof shown),
for example a chuck. The tang ¥2 serves as a guide surface that promoles rapid, consistent
assembly of the drive mechanism to the coupling body 28. Once again, however, the
coupling body 28 can assame a varety of other configurations.

Sunilar {0 the coupling body 28, the housing 30 can assume 8 variety of forms and
is generally configured fo support the outer thbe 22 as well as facilitate attackvent of the
coupiing body 28, and elongats drive member 24, to a motor assembly or “handplece”
{not shown). The insirument housing 30 is provided apart from sny housing sssocigled
with the motor assembly/bandpiece. In one embodiment, the housing 30 is formed from o
non-conductive material sach that the bousing 30 also facilitates electical isolation of the

motor assembly from the elongate drive member 24, and in particalar from the cuiting @ip
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26, upon assembly of the cuthng wstrument 20 to the motor assembly. For example, in
onc embodiment the housing 30 ts formed of a liguid crystal polymer. To this end, the
housing 30 can be ingert molded over the outer tube 22. Altematively, 8 vaciely of ofhes
assembly techtiques, such as gloing, welding, press fifting, thermal shrink fitting, efc., are

{7

equally acceplable. The housing 30 can incorporate a variety of features that facilitate

mowiting {o the motor assembly. In one embodiment, the housing 30 forms & central

aperture 100 having an open proximal end 102 defined by a phurality of spaced fingers

104, The central aperturg 100 1s sized 10 receive af least a portion of the motor assembily

(2.2, 8 collet otherwise maintaining a chuck porfion of the mofor assembly drive

10 mechanism), with the fingers 104 serving to caphiure the mwotor assembly within the
aperture 100, In addinon, or altematively, the honging 30 can be conligured fo faciliate
aftacinment to the motor assembly via snap fit, threads, interference fit, sle. Further, with
the embodiments of FIGS. 1 and 2, the housinyg 30 definey a passage 106 fluidly connected
to the apertwe 100, The passage 106 is sized {0 matntain the outer tube 22 and can be

15 formed during an josert molding procedurs.

The electrical connector 32 includes an insulated wire 110 having an exposed end

112, For purposes of clarity, the size of the wire 110 ts exaggerated in FIGS. 1 and 2. As
shown in FIG. 1, the exposed end 112 is solderad {0 an owmter surface of the onter support
tube 22, with a distal portion of the wire being supported by the housing 30. However, in

20 alternative embodinments, the slectrical connecior 32 can be welded, attached with a metal
connector (e.¢., screw), press fitted, camped, or attached with conduchive adhesiyve to the
outer support tube 22 or integrally formed therewith. In general lenms, the electricat
connector 32, and in parhicular the wire 110, can be electrically connected to any point
along & length of the outer fube 22; however, the area nearest the housing 30 or

25 encompassed within the housing 30 is most ergonotnical.

 The surgical cutting instrument 20 is sssembled by coaxiatly disposing the

elongate drive member 24 within the hanen 48 of the outer tube 22, As previously
described, in ons ambodiment a graase lubricant (not shown) is disposed along atleast a
portion of, preferably an entivety of, an intarface betwween the clongate drive membes 24

30 and the Inner surfhce 50 of the outer tube 22, The outer tube 22 is assembled to the

housing 30 as shown in FIG. 1, with the intenmediate region 47 and the distal region 44

exiending distal 1o the housing 30. As mentioned, in one embodiment, the insulated wire
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110 of the electrical conpector 32 18 in electrical communication with the outer tube 22 ax
it is soldered {o a pontion of 1he outer tube 22.

The housing 30 can be insert molded over both the outer tube 22 and a portion of
the efectrical cotmector 32 extending from the outer tube 22, with the elongate drive

L”;

member 24 then being placed within the lumen 48, Additionally, in one embodiment, an

exterior non-conductive coating or sleeve (not shown) 1s formed or provided over the outer

tube 22 distal the housing 30. For example, in one embodiment, a non~-conductive sieeve

(e.g., ashrink tube of polvester) is fitted about an exierior poriion of the outer wube 32

otherwise extending distally from the housing 30 1o the distal end 46, As will be

10 wnderstood in greater detaul below, the non~conduclive coating or sleeve promofes the
ability of the cutting tip 26 to act as an electical probe, preventing shunting of crurenst to
surrounding tissue, bone, or other structurss when a stimulation ensigy is appiied thergto
{as might otherwise occar were the metal tube 22 Jeft exteniorly “oxposed™). Additionally,
in one embodiment, various preferred design features of the surgical cutting imstramend 20,

i3 such as material selection and the resuitant journal bearing, allow for only limited
exposure of the elongate drive member 24 distal to the distal end 46 of tha ouler tube 22,
represented at B in FIG. 1. For example, the exposed length B of the elongale drve
manaber 24 18 praferably not gregter than Q.1 inch (2.54 mm}), and more preferably not
areater than 0.05 inch (1.3 mun). Inlight of this disclosure, it shounld be nnderstood that

2 this limited exposure of the elongate drive member 24 (that 18 Otherwise elecinically
conductive) (o the environment can also promote more effective use of the culting bp 26
as an electrical probe by reducing potential electrical shunting,

Regardless, the coupling body 28 1¢ secured to the proximal section 60 of the

slongate drive member 24, whereas the cutting ip 26 is attached to the distal section 62 of

25 the slongate drive member 24, With this assembly, the insulated wire 110 of flie eleclvical
connector 32 is in electrical comnnmication with the outer support tube 22, which in tum
is in sletrical communication with the elongafe drive momber 24, which in fum s in
electrical communication with the cuttin & iip 26, This fonms an slectrical pathway
consisting of the electrical comnector 32, the outer supporf tube 22, the elongate drive

30 member 24, and the cutting Bip 20.

As alluded to above, the mstrwnent 20 provides an extramely stable slectriost

pathway between the clectrical connector 32 and the cufling tip 26. In one embodiment,
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inbimate contact between the outer fube 22 and the slongate drnive member 24 {due, at Ieast
in part, 10 the bend) esiablishes and consisiently maintang the continuous slecinical
cotipling between the two componems 22, 24, such that any lubricaut provided between
the onfer tube 22 and the drive member 24 need hot be electrically conductive, In
sitemative embodiments, the use of an gectuically conductive grease for the joumal
bearing acts 1o further maintain continnous elecincal conmunication between the ouler
support tube 22 and the elongate deive member 24, Regardless, the journat bearing acts to
maintain continuous electrical conunusication batwesn the electrical connector 32 and the
culting itp 26 both af rest and during high-speed cutling operations, for example those
reaching greater than 20,000 RPM, and in pacticalar, those reaching approximately 80,000
RPM. In turn, the non-conductive coupling body 28 and non-conductive honsing 30 act 1o
insulate the motor assenbly (uot shown} from the slectrical pathway 10 prevent
interrapfion or misdivection of electrical currend fraveling through the electrrcat pathway 1o
the cutiing tip 26, This electrical isolation of the motor assembly is particutarly noportant
when the motor assenbly (or handpigce) is groundad. In particular, it prevents surrent
fron betng shunted away front the electrical pathnvay belwesn the electrical connector 32
and the cutting fip 26.

In addition, by electrically wolating the patient-gpplicd componen! {i.¢., the cutting
tip 26) from the motor assembly (pot shown), the non-conductive conphing body 28 and
housing 30 sarve 1o prevent the conduction of any electrical or triboelectric noise fiom the
motor assembly 1o the culting tip 26 that might otherwise cause interference with other
devices posiioned near or at the surgical site that rely uapon biosignals from the patient for
proper operahion. Thas, the cuthng instrument 20 is highly compatible for use with other
devices that amplify low-{evel biosigns sucls as EMG, EKQG, EEG, ABR, «fe., for the
purpose of intraoperatively monitoring patient status, In fack, in alternative embodiments,
the electrical conductor 32 can be elimingted, with the resulfani cuttng instrument
providing a distinet improvement over existing desigus when used in conjunction with 8
ssparate patient monitoring device,

While the surgical outting instrinnent 20 has been described as providng s curved
shafl configuration capable of high speed operation, in other embodiments, & more
canventional straight shall design can be emploved and are capable of supporting larger
shaf} dismeters and cutting tip diameters of 7 mm or greater {for example, for bulk bone



CA 02909248 2015-10-19

WO 2007/051143 PCT/US2006/060267

10

12

Sube’

removal procedures). For example, the surgical cutting instroment 20 can be formed wiih
the outer tube 22, and thus the elongate drive member 34, assuming & strateht of Hinewr
shape. Alternatively, FIG. 3 illustrates another embodiment surgical cuitting instnigment
120 in accordance yith principles of the presewst invention that includes an slongate drive
member 124, & culfing tp 126, a coupling body 128, a housing 130, an elecivical connector
132, and a bearing assembly 134, The surgical cutting instrument 120 can be used as g
“nose piece,” similar to what is sometimes termed a “bur extender,” that can be fitied on
the front of a motor assembly or “handpiece™ {not shown) to provide additional stability
(2.2, to prevent wobble) {0 the slongate drive member 124 and cufting tip 126, In
addition, and as described below, the surgical Cutling instrument 124 1s uniquely
configured to establish an elecincal pathway fron the elecinical connector 132 to the
cuting p 126

fn general ferms of assembly and function, the elongate drive member 123415
coaxially disposed withun the housing 130, The cutting lip 126 is connecied to and
extends distally from the elongate drive member 124, The coupling body 128 13 secured
to the elongate drive member 124 and is adapted for connection 1o a drive mechanisn
connector (not shown) of a molor assembly {not shown). The bousing 13015 provided
apart from the motor assembly, and maintains the clecitical connecior 132 and the beating
assembly 134, Thus, the housing 130 acts 10 maintain and support the slongate drive
member 124 {as well a8 the cutling tip 126 secured thereto) and the bearing assembly 134,

Finally, an electricad paflovay 18 established from the electrical connector 132 {o
the cutting tip 126, for example via the bearing assembly 134 and the drive member 124.
However, i should be noted ihat instead of the conductive coupling relationship shown,
the cufting nstrument 120 can be confipured 10 astablish an inductive or capacitive
couphing 1o the cutting ip 126.

The elongate drive member 124 includes a proximal section 160 and a distal
sgction 162, As shown, the elongate drive member 124 hag an overall longitudinal length
greater than that of the housing 130 such that apon final assembly, the distal section 162
extends from the housing 130, At least a portion of the clongaie drive member 124 is
formed of & conduchive matenal in order to facilitaie electrical communication with the
cutting t1p 120, as will be described in greater detail below. Scme appropriate matenials
mciade stainless steel and tool steel materials, such as M-Series tool steels, A-Series tool
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steels, eic. Altematively, other materials exhibiting the desired durability, fracture
resistance, conductivity, efc., can be employed for the slongale drive member 124,
The coupling body 128 can asswme a vanely of forms, but is generally configured to
facilitate connection of a motor agsembly drive mechanism connector (hot shown) to the
elongafe drive member 124, Ag a pomt of reference, the motor assermbly (not shown) and
the drive mechanisin conmecior can assume a variety of forms {(e.g.. can include a chuck),
as previously described n association with other embodiments, In one embodiment, the
coupling boidy 128 is defined by a distal portion 188 and a proximal poriion 182, The
distal portion 180 of the coupling body 128 is configurad to facilitate coupling of the
glongate drve member 124 10 the coupling body 128, The coupling body 128 can be
securd fo the proximal section 160 of the clongate drive member 124 by a varisty of
technigues, such as via adhesives, male and/or famale threads, overmolding the coupling
body 128 over the elongaie dove member 124, and others. The proximal portion 182, i
turn, is configured 1o serve as a guide sorface that promotes rapid, consistent agsembly of
the motor assembly drive mechanism connector (8.2.. a ¢hiuck) to the conpling body 128,

Ooce azg,mm howervar, the coupling body 128 can assume a variety of other forms,
as can assembly of the coupling body 123 to the elongate drive member 124 andior to the
motor assembly drive mechanism.

Similar 1o other embodiments previously described, the coupling body 128 is
formed of a non-couductive material and serves 10 assist in elecirically isolating the
elongate drive member 124 from the motor assembly (not shown). As such, the non-~
conductive coapling body 128 can be formed of & variely of non-conductive materials as
previowsly desenbed.

The cutling tip 126 can also assume a vartety of forms, inchuding those previously
described, The cutting tip 126 mnchudes a cuthing bur 170 and an attachment end 172, The
attachment end 172 is configured (o receive the distal section 162 of the elongate drive
mentber 124, To this end, the cutting tip 126 can be secured 10 the distal section 162 of
the elongate drive merabar 124 via & number of known methods such as, for exanpls,
welding, braising, press~litling, thenmal shrink fitling, adhesive, male andfor female
threads, etc. The efongate drive member 124 and the catting tip 126 can aiematively be
integrally formed such as by machining the elongate drive member 124 and the cutting tip
126 {rom a single plece of stock material. Additionally, the cuting bur 170 can assume a
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variety of shapes and sizes known in the art (e.g., 2 mm, 1 mm diamond, etc.).
Regardless, the elongate drve member 124 and the eniting tip 126 are secured together
stweh that they are in electiical commumication, as previousty described in association with
other embodiments.

LS

The housing 130 can sssume a vanety of forms and is generally configured fo
maintain the elongate drve member 124, the electrical connector 132, and the bearing
assembly 134, as well as facititate mounting of the cudting instrument 120 10 8 motor
assembly (nof shown). To this end, the housing 130 can be insert molded over a portion of
the electrical connector 132 and the bearing assembly 134. Altematively. a varisty of
10 other manufacturing techmiques, such as gluing, welding, press-fitting, thermal shrink
fithng, et are equally acceptable. The housing 130 can incorporate a variefy of features
that facilitate assembly to the motor assembly, including those previously deseribed, For
example, i one embodiment, the housing 130 forms a central aperture 200 having sn open
prosimsl end 202 configured for attachment to a corresponding component {e.g., a collel)

15 of the motor assembly via methods known 1o those of ardinary skill in the art. The central
aperture 200 is sized 10 receive and capture at least a portion of the motor sssembiv. In
addifion, or alteraatively, the housing 130 can be configured o facililate attachment {o the
mofor asserubly vig snap fis, threads, infarferance fit, ete. In one embodiment, the
housing 130 is formed of a non-conductive material {e.g., 2 liquid crystal polymer} to

2Q assist in electrically isolating the motur assembly from an electrical pathway formed by
the culiing instroment 120 as described below,

‘the electrical connector 132 is configured to facilitate delivery of 3 stimulation

energy from an energy source (ot shown) to the cutting tip 126 via the electrical pathway.
As such, i one embodiment, the electtical connector 132 includes insulated wire 210

25 having an exposed end 212, As will be described in greater detail below, the insulated
wire 210 can be connecied 1o monitoring systems, such as the energy source of a nerve
monttoring systent {(not shown). As shown in FIG. 3, the insulated wire 210 has been
overmolded o the housing 130, with the exposed end 212 in contact with the bearing
assemibly 134, In particular, the exposed end 212 is soldered or otherwise electrically

30 coupied (2.8, metal fustener, conductive gdhesive, crimping, press it etc.) 1o the bearing

assembly 134, In other embodiments, the electrical connector 132 can establish an

electrical pathway 1o the cutting tip 120 via other means. For example, the insulated wirs
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210 can be connecled to a wire brush, sach as a berviinm brush sinular 1o those used m
motor asserblics (ot shown) that 15 n contaet with the elongale drive member 124

11t one simbodiment, the bearing assembly 134 13 8 ball beating-ype device, and includes
ah iher race or ring 220, an oufer race or ring 222, and rolling elements {or ball bearifigs)
224 all of which are formed of electrically conductive matesial, such as staindess steel.
The bearing assembly 134 can also include a beaning retainer ring, which need not be
formed of electrically conductive material in some embodiments. The bearing assembly
134, and in particular the inner ring 224, defines a bore confignred 10 coaxially recsive the
glongate drive member 124, 1t should be noted that the elongate drive mamber 124 s
recerved within the tnner ring 220 with safficient infimacy (o creale g continuous electrical
patirwvae betwean the two cormponenis 124, 220,

From the previous description, it will be understood that the bearing assemisly 134
acts a8 fn electrical pathway between the electrical comusctor 132 and the slongale drive
member 124, such that the two gre w elecincal communicaiion. It has been surprisingly
found that passivated bearings, and bearings lubricated with non-conductive lubricant, or
not otherwise Jubricated, can interfere with forming au slectrical pathway between the
elecincal connector 132 and the elongate drive member 124, For example, the bearing
assembly 134 is designed with small gaps batween the rolling elements 224 and the races
220, 222 that allow the rolling elements 224 10 effectively float in instances of wme duting
igh-spead operation. Furthey, the rofling elements 224 miay have socentricitias that regult
in selective contact between the rolling elements 224, the ouler ring 222, and the mwer ring
220, Assach, in one embodiment, the bearing assambly 134 includes conduchive grease
{not shown) to fill gaps (vot shown) between the rolling elements 224 and the mner ning
220 and {he ouler ring 222, As such, in one embodinent the bearing assembly is
hubricated with a conductive grease, sach as Nvogel® 756G available from Nye

Lubricants of Fairhaven, MA, As mentioned, passivation layers on the rolling
slements 224, such as chromium oxide and/or nickel oxide, are often used Yo icrease
corrosion resistance and bardness of the rolling slements, but can serve o rander them
electricatly non-conductive. As such, in one embodiment the rolling elements 224 are
formed of non-passivaied, stainless steel. Importanily, it has been found thal by
incorporating such feattres, the bearing assembly 134 is capable of forming a confinuous
electrical pathway, or continuous elecirical communication, with the elongate drive
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meniber 124 and the electzical connector 132 while the cufting {ip 120 is at rest and while
it is turning at relatively bigh rofational speeds greater than 20,000 RPM, and in e
embodiment at speads approaching 80,000 RPM.

Upon final assemblv, o stable slectrical pathway is egtablished from fhe electrical

‘.'J;

connector 132 to the cuting tp 126, Conversely, the covupling body 128, as well as the

housing 130, acts to elecincally msulale motor assembly (not shown) from the electrical

pathway described upon mountmg of the cufting instrument 120 to the motor assembly. In

s, in one embodiment, the bearing assembly 134 includes materials and is configured

such that the electnical pathway is confinuously mainfamned during operation, without

HY intermitent int srruphion, during high-speed rotation of the elongate drive member 124,
stch 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 is othenwiss
part of the electneal pathway} from the corresponding component Of the mofor assembly
drive mechamsm 1o which the coupling body 128 is attached, whereas the pon-conductive

i5 housing 130 (that otherwiss {5 10 contact with the electrical pathway) elscirically isolates
the cutting instraments 120 from corresponding component(s} of the motor asssnbly (e.a.,
motor asserbly housing or collet) to which the instrument housing 13(1is attached.
Depending upon a desired distal extension of the clongate drive member 124 from the
housing 130, the slongate drive member 124 can further include a non-conductive,

20 exterior coatitig or sledve (o prevent shunting of electrical current away [rom the desired
electrical pathway from the electnical connector 132 1o the cuiting tip 126 andfor
inadvertent contact with the motor assembly.

in addition to ensunng a stable electrical pathway, the non-conductive coupling
bodv 128 and housing 130 surve 10 isolate (he cutting tip 126 from electrical or

25 fribogiecirical noise generated by & motor assembly {not showen) otherwise mounted to and
rotating/driving the clongate drive member 124, Thas, sinular {o the sorgical cufting
glament 20 (FIG. 1) previously desaribed, in altemative embodiments, the soargical cutting
mstrament 12( nesd not include the elecirical connector 132, with the resultant instrument
preventing the transmission of electrical or iriboelectrical noise to the cutling tip 126 in a

30 marmer that might otherwise inferfere with proper operation of a separale intraoperative

patient monitoring device.
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A portion of another embodiment surgical cutling insteament 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 instroment 230 inclodes an elongate drive member 234, a
cutling tip 236, & coupling body 33 8, a housing 240, a fludd coupling assembly 242
3 {referenced generally), and an elecirical connector 244, For ease of tlustration, the drive
member 234, the culting fip 236, the coupling body 238 and poriions of the motor
assembiy 232 are shown schematically in FIG. 4. As described below, the instroment 230
operates in a manner sirsilar {0 previows embodiments, whereby the coupling body 238 is
coupled to the mofor assembly 232 {such: as via a chuck 248} for rotating the cutting tig
16 236, Puriher, a stimdating currend deliversd by the eletirical connector 244 Hows to the
cufting tip 236 via the fluid coupling assembly 242 as part of an svoked potential
monionng vparation.
The drive member 234 18 formed of a rigid, electrically conductive naterial (8.g.,
steel), and defines 8 distal porfion 248, an intermediate portion 250, and a proximal
15 portion 252, The distal portion 248 is afinched {o or otherwise terminates At the cutting tip
236 and (hus defines an axtal {enpth or extension of the cutting tip 236 rofative 1o the
housing 240, and can assume a vanety of lengths. The proxamal portion 252 termunaldes,
or in one emboditnent (as shown) forms, the coupling body 238, Regardless, in one
embodiment, the intermediate portion 250 has an increased outer dizameter as compared 1o
20 the distal and proximal portions 248, 232 (af least in those regionus inunediately adjacent
the intermediate portton 230), and 1 characterized as bemng extenorly exposed as
compsved o the distal and proxinal pordions 248, 252, More particularly, in one
smbodiment an exterior of the dnve member 234 is encompassed by an elecincsily non-
conductive. insulating costing 234 (referenced gensraliy) in all ragions sxcapt the
2S intermediate portion 250, As a poiat of reference, a thickness of the insulating coating 254
is exaguerated in FIG, 4 for clanty purposes. With embodiments in which the diive
member 234 forins the coupling body 238, the coupling body 238 ig also covered by the
coating 254 (it being understood that for alternative embodiments in which the coupling
body 238 is formed apart Trom, and subsequently attached 1o, the drive member 234, the
30 coupling body 238 is erther comprised of an electrcally non-~condactive material and/or is
coated with an electrically instdative covering). Conversely. with embodiments in which
the drive mamber 234 Jorms the culting Up 230, the culting tp 236 13 free of the insulative
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coating 254, Regardless, the msutabive coating 254 can take a vanety of forms and can be
applied in a multitude of maarmers.  For example, the insulative coating 234 o be plastic
shrink tubing, over molded plastic, stc., formed of an electrically non-conductive material.

The cutting p 236 and the coupling body 238 can assume sy of the forms
previousty described. Thus, the cutting tip 236 can be a bor, cuthing teeth, ¢i¢. As alluded
to above, the coupling body 238 can be huegrally formed by the drive member 234 or
provided separately. In one embodiment, however, the coupling body 238 forms a groove
236 for releasably engaging the chuck 246, Altematively, the coupling body 238 can
assume other configurations commensurate with a corresponding component of the motor
assembly 232,

The housing 240 can mncorporas vanons features previously described and 15
formed from, or exteriorly coatad with, au electrically non-contuctive matetial {e.g., the
housing 240 can be formued of electrically insulative plastic). The housing 240 defines a
distal region 238, a proximal region 260, and a ceniral passage 262. The passage 262
atong the proximal region 260 15 sized to matingly recmive a corresponding housing 203
(illustrated schematically ) of the motor assembly 232, Conversely, the distal region 238
formos the passage 262 10 be shghfly greater than a diameter of the drive member 234 and
is configurad 10 maintgin portions of the Huid coupling assenmbly 242 as deseribed below,
It one embodiment, the fluid coupling asserbly 242 includes a conductive spacer 204 and
thbing 266 {aidly connected 10 a source (not shown) of electically conductive fluid, The
conductive spacer 264 i3 formed of a hardened, electrically conductive metal and is
mounted (o the distal region 238 of the housing 246 about the passage 262, In ohe
embodiment, the conductive spacer 264 is a ring or other cylindrical shape defining an
intemal aparture 268 {referenced generally). The infernal aperture 268 has a diamatay
approximating an outer drameter of the nytermediste portion 230 of the drive membey 234
such that upon final agsembly, the intermediale portion 250 is in gpproximate contact with
the conductive spacer 264 In one embodiment, the conductive spacer 264 is porous
andfor forms a radial opsning(s) (one of which is iustrated at 270 in FIG. 4) for reasons '
described below.

The tubing 266 is formed of an electrically nsulative material god is Guidly
coupled at & proximal end (ot shown) therent (o a source of electrically conductive fluid
(not shown), For sxample, the electrically conductive flnid can be saling, etc. Repardless,
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a dhistal end of the fubing 266 13 fhudly connected 10 the conduchive spacer 264, such as vix
a pott 272 formed in the housing 240, With this configuration, conductive Buid from the
tubing 266 fows to the conductive spacer 264 and then to an interior surface thereof, due
to aeither a porosify or other formed openingy 270 in the conductive spacer 204 as

!Jg

previously deseribed.

Finally, the electrical connector 244 13 an insulated wire or other body capable of
delivering an electrical current. The electrical connector 244 s electrically connected
(2.2, welded) 10 the conductive spacer 264. Thus, a portion of the electrical connector
244 can sxiend thirough the housing 240 as shown,

Ht During use, the cutling nstrament 230 is mounied 1o the molor assembly 232 as
shown, As a point of refsvence, the motor assembly 232 includes the chuck 246 forming
an intenal fiange 274 nestable within the groova 256 of the coupling body 238 1o facilitate
engagement between the coupling body 238/4chuck 246, Further, the motor assembly 332
can include beanngs 276 (drawn schematicatly) for supporiing the drive member 234

15 when rotated by driven rotation of the chuck 246/conpling body 238, Regardless, a
stimuiating current is delivered to the cutting fip 236 as part of an evokad potential
monitoring operation {that may or may not ocour W comjunction with cutting) by supplying
a conductive fluid (o the conduclive spacer 264 via the tubing 266. Due (o 2 porosily
and/or other opening 270 in the conductive spacer 264, the conductive flud flows o an

20 intesface oF spacing between the conductive spacer 264 and the intermadiate portion 230
of the drive member 234, As shown, a conducti ve fuid 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 conduciive spacer 264 to contuin the
canductive Buid al the conductive spacer 264/drive miensber 234 inferface. Regardiess, an

23 elecirical pathway is established i which a stimalating current {lows from electrical
conductor 244 {othenwvise electrically connected {o 8 stimulating energy source (noy
shown)), through the conductive spacer 264 and the conductive flutd filin 278, throngh the
drive member 234, and {o the cutling #ip 236. The insulative coating 254 promotes use of
the cutling tip 236 a5 an electrical probe, preventing shunting of current to surrounding

3} tissne. Further, the insulative coaling 254 over fhe coupling body 238 (or other, non-

conductive confi gﬁmtim of the coupling body 238} in conjunction with the noxn-
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conductive housing 240 electrically wolates the conductive pathway described above from
the motor assembly 232 as well as from a yser otherwise handling the housing 240,
A portion of another embodiment surgical cufting instrument 280 in accordance
with the principles of the present invention i conjunction with & portion of the mtor
5 assembly 232 descrtbed above, 1 shown i FIG. SA. The tastrument 280 is sintlar in
many respects 1o the instrument 230 (F1QG. 4) previously described, with like elements
having like reference pumbers, With fins in mind, the instrument 280 includes the
plongaie drive member 234, the cutling 1p 236, the coupling body 238, a housing 282, an
electrical coupling assembly 284 (referenced generally), and the elecincal conneclor 244,
16 As described below, the msirument 80 operales in a mapner stoular 10 previous
embodiments, whereby the motor assembly 232 is coupled 1o the coupling body 238 (such
a3 via the chuck 246) for rotating the cufiing tip 236. Further, a stimulating current
deliverad by the electncal connecior 244 (such as from a stimulsting enerey source {not
shown)) flows to the cutting tip 236 via the electrical coupling gssembly 284 as part of an
15 geaked potential monitoring operation.

Simnilar 1o previous embodiments, the drive miermaber 234 is formed of or coated
with a ngid, slecincally conductive material, and deflines the distal portion 248, the
intermediate portion 250, and the proximal portion 252, In this regard, the distat and
proxinial portions 248, 252 ave encompassed or covered by the electrically non-

2} conduciive, insulating coating 234 (referenced penerally) as previously described, whersas
the sntermediate portion 230 is extgnodly exposed.

The housing 28218, sunilar 1o previous einbodiments, formed of an electrically
non-conductive matertal, such as plastic. Jn addition, the housing 282 is configwred to
receive and mainfain the slectrical coupling sssembly 284, such as via a press il

25 Aliernatively, the honsing 282 can inclode additions! internal features that more securely
receive and maindain ihe clecineal coupling assembly 284,

With additional reference 1o FIG. 3B, the elecirical coupling assembly 284 has a
rotatable, bearing-type configuration, and includes an inner harness 286, an outer race 288,
and & bearing body 290. The inner hamess 286 is 8 generally ring-shaped body defining &

3 base 292 and a plorality of fingers 294, The fingers 294 extend from the base 202 in g
penerally longttndinal fashion (relative to the longitudingl axis defined by the drive
member 234), and combing to define an ivver diameter approximaiing an outer diameter
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of the intermediate portion 250 of the dove member 234, Thus, upon final assembly, the
fingers 294 confact and engage the mitermedinte portion 250 of the drive member 234, To
snsure cousistent, continuous contact, in one smbodiment, the fingers 294 are “pro-
loadad™ io extend radially inwardiv relative 10 the base 292, combining to naturally
asswme an juner diameter less than an owter dismeter of the mtermediate portion 230,

Regardless, the inner hamess 286 8 formed of an electrically conductive mstal,
such as steel, The outer race 288 is similarly formed of a conductive metal, and is sized
for securemeant to the housing 282 (e.g., press fif). Finally, the bearing body 290 s also
electrically conductive, and 3s adapied fo facilitate rotation of the inner hamess 286
relative fo the outer race 288, In one embodiment, the beaning body 290 is a {ferro~flmd
bearing. In addition, or as an altemative, the bearing body 200 can includes one or more
ball bearing(s) formed of an slecirically conductive material {e.g., steel). Regurdiess, the
glectrical connector 244 meludes an msnlated wire electneally coupled (e.g., welded) {o
the outer race 288, and thus, can extend through a thickness of the housing 282, W il this
configuration, an electrical pathway s establishad from the elechrical connector 244 (o the
cutfing tip 230 via the electrical coupling assenibly 284 and the drive mentber 234,

Retuming to FIG. A, duning wse {he instrament 280 is connected o the molor
assembly 232, For example, the chuck 246 {(shown schematically) is connected to the
coupling body 238, with the bearings 274 (shown schematically) supporting the drive
member 234 as previously destribed. Rotation of the chuck 246 causes the cutting p 236
to rotate as part of & catting operation. In addition, the instrument 280 can be enploved {o
perform an evoked potentind monilonng operation apart from and/or simudtancously with
fssne cutting. A stimulating current is delivered via the electrigal connecior 244 {o the
electrical coupling assembly 284, In particulyr, the stinulating cusrent 1s delivered (o the
outer race 288 which in tum conducts the current to the inner harpess via the bearing
assembly 290, Infimate contact bebween the inner hamess 286 and {he dnve member 234
{repardiess of whether the drive member 234 is rotating) conducts the applied curnuit to
the culting Up 236. Once again, the insalative costing 234 prevents shunting of the cumrent
distal the housing 282, snch that the current is focused upon the cutting tip 236, In
addition, the insulative coating 254 (and/or other non~conduciive features associaled with
the coupling body 238) and the housing 282 combine 1o nsulate the motor assembly 232
from the corrend, as well as from a user otherwise handling the housing 282, Inone
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embodument, the housing Zd2/electrical coupling asserably 284 serves as a re~usable
device, aud thus can be repeatedly employed wiih 2 variety of other drive members 234
{and thus, cutting tip 2306 and coupling body 238) configurations.

Regardless of an exact form of the surgical cofiing instrument, a surgical cutling
svstem can be provided 1 accordance with principles of the present mvention. For
example, FIG, 6 illustrates schematically a surgical cutling svsiem 300 in accordance with
one embodiment of the present invention, The surgical cufting sysiem 300 includes »
strpical cutting mstrument 310, a motor assembly 320, and an evoked potential monitor
(or monitoring) system 330, Ithas been discoverad that the ssqueniial and separate
process of probing then calting, or vice-versa, a8 bas been reguired in the past, is an area
of potenfial improvement addressed by the surgical cuiting system 300, resulting, for
exampie, in an emly warning system for surgeons, alerting them 1o potential iatrogenic
injury to neuead tissue, The simultaneous cutting and probing procedure described helow
1s sater for the patient (as compared to the conventional fechnique of slternating citting
and probing) as the surgeon 18 no longer required to mannally estimate the appropriate
depth of cut between probing operations, and overall procedure time is reduced.

In one embodiment, the surgical culting instrument 310 ¢an be of & similar design
to the surgical cntting instruments 2Q (FIG. 1), 120 (F1G. 3), 230 (FIG. 4), or 286 (FIG.
SA), previously described, and penerally includes a cutting tip 312 and an elecitical
eonneetor 314, with the electrical connsctor 314 being slectrically conngcted to the eutting
bp 312 wia an elecincal pathway established by the cutting instrument 310 as previously
described. The motor assembly 320 can assune any known form, and though shown
schematically, generally includes a housing, a motor and a drive mechanisméconnector,
with the surgical cnfting instrument 310 and the miotor assembly 320 adapted for mounting
to one anolher as previously deseribed. Regardless, the molor assembly 320 and the
surgical cutting mstrumeni 310 are assembled such that motor assembly 320 drives (e g,
rotates) the cutting tip 312 in order to parform a cutting opgration, Notably, as described
above, the motor assembly 320 is electrically isolated from the cutting tip 312 and the
electrical pathway upon mounting of the culting instrament 310 to the motor assembly
320

The evoked potential monitor system 330 is # nerve integrify monitoring svstem,
such as 3 NiM-Response® 2.0 nerve infegrily monitoring svstem avaitlable from
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Medironic-Xomed, Inc. of Jacksonville, FL. In geéneral {erms, the evoked pofential
montor svsiam 330 is adapied to indicate when an energized probe, for example the
cufting tip 312, is progimate a nerve 340 {shown schematically) duting a surgical cutiing
procedure. For sxample, the evoked potential muonitor system 330 can include a patient

Lo

intarface console mantaining cirowitty and related squipment, the console bedng capable

of proviting a stimulaling energy or current 1o a probe via a stinndating energy source

provided as part of the sysiem 330, In addition, electrodes {not shown} ave placed on or i

muscles that ars enervated by nerves i proxinuty to the expected cnfting area, and are

electricatly coupled to the interface console, his thus manneyr, the slectrodss signal g

i0 response 1o the patienf interface console’s internal equipment {e.g., processor) when &
sitroulating current enervates a nerve of concem. The evoked potential monitor system
330 can also include alarms or other indicators as known in the art. Regardless, the
aladtrical connuctor 314 18 n slectrical communication with both the evoked potential
montor systen 330 and the cuthing tip 312 (via the clectrical pathway}. In this manner,

L& the cufting tip 312 serves as an slectrical probe in conjunction with the evokad potential
mort{or system 33¢ when envrgized via the slectrical connector 314,

During uge, the evoked polential monttor systen 330 prompts delivery (preferably

continuous delivery) of a shmuialing energy (.5, current) through the electrical conngctor
314 1o the cutting tip 312 via the electnical pathway established by the cutling mstrument

28 310. The previously described surgicad cufling instruments 20 (F1G. 13, 120 {(FIQ. 3), 239
{FIG. 4), 280 (F1G. SA) are several examples of instruments capable of ensuring that the
stimulating energy is coblinuously delivered 1o the cutting fip 312, Propeddy placed patient
electrodes {not shown) provide the evoked potential monitor sysiem 330 with information
indicative of a proximity of the outiing Gp 312 to the nerve 340 in responss 1o the applied

23 stunulating cuerent, For example, based on s companson of the applied stimulating
current with the signaled infonmation from the patient elecirodes, ihe evoked poienital
montior sysfam 330 can detect, and/or provide the user with information indicative of, the
energized cutting tip 312 being at or within a distance D of the nerve(s) 340 of concem.

The motor assembly 320, otherwise electrically isolated from the delivered

30 stimulation energy, is simuitaneously powered {o rofate the colting tip 312, Thus,

sinultaneous or substantially concurrant bone or tigsue cutting and nerve probing

fanetions can be porformud by the svatem 300, Furthier, evoked pofential monitoring can
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be performed via the cutling instrument 310 with the motor assembly 329 deactivated {i.a.,
“oIF” or not otherwise driving the cuthing instrument 310).

In arelated embodiment surgical cutting svstem 350 shown in FIG. 7, & surgical
cutling instrument 352 having a cutting tip 353 is again powerad by a molor assembly

L

{illustrated schematically in FIG. 7 as part of the culting instroment 352}, The surgical

cutting instrument 352 can assume any of the forms previously described. The cutting

instrument/motor assembly 352 is electronically coupled to a surgical dnll console 354,

such a5 an XPS® console (Madironic~-Xomed, Inc., of Jacksonville, FL), having infemal

circuitry for confroliing power delivered to the motor asssmbly 3532, The systam 3350

{0 further includes o patient mondor system 356 such as an evoked potential monitor system
as previously described or a surgical navigation platform such as an image guidance
svstem availabla aoder the frade nama LandmarX&: Element [GS Systens from Madtronic-
Xomed, Inc., of Jacksonville, FL.. Regardiess of an exact configuration, a communication
hnk 3538 (wired or wireless connection) is established between the surgical diill console

15 334 and the patient monitoring systam 356, with the patient monitor svsteny 336 being
adaptad {&.4., processor operating pursuant to appropriate progranuning) 1o prompt the
surgreal drill console 354 to disable the mofor assernbly 352 via a signal delivered through
the cormmunication hink 358,

More padicularly, the patient monitoring system 356 is adapted 1o monitor 2

20 patient 360 during a surpical proceduns involving the sargical cutting instrument 352,
Patient moniioring can mclude evoked potential monitortng as previousty desoribed {a.g.,
s wire 362 can provide a stimudating current from the patient monitor system 356 to the
cutting mstrument 352), or can be any other appropriate type of monitoring (e.g., image
gatdance). For example, 1t ong aimbodisnent, the patient monitor system 356 includes

25 EMG electrodes 364, 366 ("CH 17 and “CH 27), along with a stimulation retum path
giecirode 368 ("STIM RETURN™} and a reference elecirode 370 (“REFERENCE™. The
EMG electrodes 304, 366 are placed in muscles innervated by the nerves of congemn. The
return path electrode 368 provides a retar path for the stimulation current deliversd by
the cuthing tip 333 for embodiments i which the delivered simwudation current is an

30 isolated output that s not Barih referenced {and therefore requires its own tsolaied refum),

The reference electrode 370 provides a common reference betwesn the patient 360
and the patient monitor system 356 (required 10 conter the EMG sinal within the input
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range of the recording amphifiers). The retum path and reference electrodes 368, 370 can
be placed at a varely of locafions on the patignt 360, such as the stermuny, shoulder,
forehsad, ete. Regardisss, apon detecting or otherwise determining that the cutting tip 353
i3 proximate critical anatomy (e.¢., nerve) of the patient 364, the patient monitor system
336 is adapted to debiver & disubling signal to the surgical drill console 354, prompting
powering off of the cuthng instrument/mofor asserably 352, Thus, the system 350
effectively provides an automatic “killsswitch™ to further ensure patient safety.

In light of the above, the advantages of non-sequential, high~spsed cutting and probing or
other monttoring can be realized in accordance with embodiments of the present invention.

The surgical cutbng mstrament and related sargcal cutling svslem can be
employed to perform virtually any surgical procedure requiring cutting of tissue and nerve
monitoring, and especialiy with those procedures in which a small diameter, buriype
cutiing fip s rotsted at elovated spedds (o.g., greater than 20,000 RPM) 1o effectuate
desired tissue removal in an otherwise contined surgical access site. For example, the
instrument angd svstem of embodiments of the present tovention can be employed fo
perforn procedures such as mastoidectomy, discectomy, &, to name but a few. Aspects
of the present immvenbion are pot Iimited 10 any parficular procedure, cutling tip styls, or
cuiting speed. Regardless of the exact procedure, the insfryment aud system of
embodiments of the present invention operate to provide both tssue cutting and evoked
potential {1.e., nerve) montfoning without fhie need for a separate elecirical probe
imsirument.

In altemative embodiments, the surgical cutting svstem inclades one or more ofher
biosignal-based patient moniioring devices (e.g., EMG, ERG, EEG, ABP, etc) in
addition 10 the surgical cufiing insttument and the motor assembly., With thess
embodiments, the cuthng Sysiem may or may hot include an evoked potential monitor
system, and the syrgical cniting instrument iy or may not include an electrical connector
otherwise electrically connecting the cuiting £ip 1o an energy source. Regardiess, non-
conductive coupling body and housing componsals of the surgical cutting instrament can
taka any of the forms deseribed 1o electrically isolate the motor assembly from the cutting
tip. During use, the surgical culting instrgment is mounted o the motor assembly, and the
motor assembly is operated 1o drive (e.g., rotate) the cutting fip at a surgical site.

Concurrent with operation of the motor assembly, ths patisnt monitoring device
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operates 10 monitor a condifion of the patient. To this end, electrical or triboelecine noise
generated by the motor assembly 18 not conducied 1o the cuting tip (and thus not
condneted o the snrgical site} dus to the non-conductive coupling body and honsing, and
thus does not interfere with operation of the patient monitoring device(s).

Although specitic embodiments have been iHustrated and described herein, 3t will
be apprecinted by those of ordinary skill in the art that a vaviety of slierate andlor
equivalent implementations may be substifuted for the specific embodiments shown and
deseribed without departing from the scope of the present invention. This application is
intendad (0 cover any adaptations o variations of the s pectfic embodiments discussed
Rerern, Therefore, it is intended that this invention be tmtfed only by the claims and the

gauivaiants thersof,
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CLAIMS.:
1. A surgical cutting instrument for use with a motor assembly having a motor

and a drive mechanism, the instrument comprising:
an elongate drive member defining a proximal section and a distal section;
S a cutting tip secured to the distal section of the drive member;

a non-conductive coupling body adapted for connection to a motor assembly

drive mechanism, the coupling body secured to the proxtmal section of the drive member;

a housing maintaining the coupling body and the proximal section of the drive

member;

10 a fluid coupling assembly in fluid communication with the drive member, the

fluid coupling assembly adapted for fluid connection to a source of electrically conductive

fluid; and

an electrical connector in electrical communication with the cutting tip via an
electrical pathway established by at least the drive member and the fluid coupling assembly,

15 the electrical connector adapted for electrical connection to an energy source.

2. The cutting instrument of claim 1, wherein the non-conductive coupling body

is formed of polymeric material.

3. The cutting instrument of claim 1, wherein the housing maintains a portion of

the electrical connector.

20 4. The cutting instrument of claim 1, wherein the housing 1s formed of non-

conductive matenal.

5. The cutting instrument of claim 1, wherein the cutting instrument 1s configured
such that energy flowing through the electrical connector 1s continuously delivered to the

cutting tip during rotation of the drive member at a rotational rate of at least 20,000 RPM.
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6. The cutting instrument of claim 1, wherein the housing maintains a conductive
spacer of the fluid coupling assembly, which 1s disposed between the housing and the elongate
drive member, and further wherein the electrical connector 1s coupled to the conductive spacer

such that the electrical pathway from the electrical connector to the tip includes the elongate

drive member and the conductive spacer.

7. The cutting instrument of claim 6, wherein the conductive spacer 1s
cylindrically shaped and includes an opening to allow the electrically conductive fluid to tlow

to the drive member.

8. The cutting instrument of claim 6, wherein the conductive spacer 1s porous to

allow the electrically conductive fluid to tlow to the drive member.

9. The cutting instrument of claim 6 further comprising:

an outer tube maintained by the housing, the outer tube defining a proximal
region terminating at a proximal end, a distal region terminating at a distal end, and a lumen

extending from the proximal end to the distal end;

wherein the elongate drive member 1s disposed within the lumen of the outer
tube and the conductive spacer is positioned between an inner surface of the outer tube and

the elongate drive member.

10. The cutting instrument ot claim 9, wherein an outer surface of the outer tube

distal the housing 1s at least partially covered by a non-conductive material.
11. The cutting instrument of claim 1, wherein the cutting tip is a bur.

12. The cutting instrument of claim 9, wherein the fluid coupling assembly
includes tubing adapted for carrying the electrically conductive fluid along an outer surface of
the outer tube, the tubing fluidly coupled to the conductive spacer through a port in the outer

tube.

13. The cutting instrument of claim 1, wherein the drive member 1s straight.
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14. The cutting instrument of claim 1, wherein the electrically conductive fluid 1s
saline.
15. A surgical cutting system comprising:

a surgical cutting instrument, the cutting instrument including;:

5 an elongate drive member,

a cutting tip attached to a distgl section of the drive member,

a non-conductive coupling body attached to a proximal section of the drive
member,

a housing maintaining the coupling body and the proximal section of the drive

10 member,

a fluid coupling assembly in fluid communication with the drive member, the

fluid coupling assembly adapted for fluid connection to a source of electrically conductive

fluid,

an electrical connector in electrical communication with the cutting tip via an

15 electrical pathway established by at least the drive member and the fluid coupling assembly;

a motor assembly including a motor and a drive mechanism selectively
mounted to the non-conductive coupling body such that the drive mechanism is electrically

insulated from the electrical pathway, the motor adapted to rotate the drive member; and

an evoked potential monitor system having an energy source selectively
20 coupled to the electrical connector for applying a stimulating energy to the cutting tip via the

electrical connector and the electrical pathway.

16. The surgical cutting system of claim 15, wherein the system 1s adapted such
that as the motor rotates the cutting tip at speeds of at least 20,000 RPM, the stimulating

energy is continuously delivered from the energy source to the cutting tip.
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17. The surgical cutting system of claim 15, wherein the evoked potential monitor
system 1s adapted to indicate when the cutting tip 1s proximate a nerve during a surgical

cutting procedure.

18. The surgical cutting system of claim 15, wherein the cutting tip 1s a bur.

19. The surgical cutting system of claim 15, wherein the cutting instrument

housing is electrically non-conductive and is provided apart from a housing of the motor
assembly such that upon mounting of the cutting instrument to the motor assembly, the cutting
instrument housing electrically isolates the electrical pathway from portions of the motor

housing otherwise in contact with the cutting instrument housing.

20. The surgical cutting system of claim 15, wherein the housing maintains a
conductive spacer of the fluid coupling assembly, which 1s disposed between the housing and
the elongate drive member, and further wherein the electrical connector 1s coupled to the
conductive spacer such that the electrical pathway from the electrical connector to the tip

includes the elongate drive member and the conductive spacer.

21. The surgical cutting system of claim 20, wherein the conductive spacer 1s

cylindrically shaped and includes an opening to allow the electrically conductive fluid to flow

to the drive member.

22. The surgical cutting system of claim 20, wherein the conductive spacer 1s

porous to allow the electrically conductive fluid to tlow to the drive member.
23. The surgical cutting system of claim 20 further comprising:

an outer tube maintained by the housing, the outer tube defining a proximal
region terminating at a proximal end, a distal region terminating at a distal end, and a lumen

extending from the proximal end to the distal end;

wherein the elongate drive member is disposed within the lumen of the outer
tube and the conductive spacer 1s positioned between an inner surface of the outer tube and

the elongate drive member.
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24, The surgical cutting system of claim 23, wherein the tluid coupling assembly
includes tubing adapted for carrying the electrically conductive fluid along an outer surface of
the outer tube, the tubing fluidly coupled to the conductive spacer through a port in the outer
tube.
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