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(57) Abstract: A surgical cutting instrument for use with a drive motor, and related system and method, is described. The surgical
e 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
v 4 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

Background

The prosent invention relates to suigical cotting and surgicsd cotting instrumenis,
More panticubady, aspects relate to surgieal catting instrsments snd systems capable of
both high-speed cotting and, in some embodiments dectrical probing or evoked potemisl
mosdtoring funchions, as wall as procedures atilixing such a devica.

Swrgicsl cutting jaxtrumenis ars comunonly usad to pexform a vatdery of
procedires. For exanples, maoy newolological surgioal operations nvolve partial or fotad
remerval of bone or ather hard tissws vie 8 highespeed rotating bur or other cutting tips.

Bxermplary procedurss in this field include cochieostomiss, rameval of aguustic
neuroms aroors, and revaoval of the scaham in o tympanoplasty, Namerous other surgieal
operations have similar bonehasd tissue cotting or removal requirements. The typical
surgical cutting instrument s akin to a diill, fochuding & Jeill handpiece that rotates s
cutfing implesnent. The handplsce houses a motor and a chuck or othier adapier, with the
chuck being rotatad by the motor under the control of a foot-operated or fingsr-operated
switch,

Fluman nerves are often i close proximity £oan aren of hone or fissue removal in
may surgical provedurss. Thus, ooe overarching convern relating 1o these fypess of
surgical Cutting operations and instruments is the danger of severing or ofherwise
demsging nerves throngh nadvertent cutting or excessive heat, For example, when a
straight bur culting fnstrumen is used for bulk bowe removal, a surgeon might he
gopogrned with over-asgeressive culting s well as wobble and sssociated nerve damage.

Az another sxample, a curved bur cutiing instrument used in finer cutting
applications might bave n high thermal discharge at the cutting hue giving rise to nerve
dRmage CIRICSIMS,

Indued, often Hmes the abovedescribed surgical outting instruments requirg
sdditional steps and instrovoents for measwring verve Jocation to complete s surgicat
progedure. For example, 8 mestoldectonyy can entai] gxposing the mastoidperiosiiom and
then carsfidly driflingframoving the mastold bone using a culting instroment sud

nnorascope. Moveover, a patient may bave aboonmal seatomy due o congeniial or



WO 2007/051143 PCT/US2006/060267

3
-

rafrogenic defecty that places nerves in snanticipated regions suoh that the anaiomical
tandmarks a surgeon might otherwise nosmally refer 1o as a guide for neurs! tissus may
not oxist. While carreiag owt snch provedurss, a surgeon can be reguired to sequentisliv

ont with & surgical cutting hsstrument and then probe x cut area fir nerves with & separate

%7

evoked potential monitoring system handpiece. This Is cleasly time-constming and thes

undesinble

Sumnary
Embodiments of the present invention rolate 1o a surgiod cutting instrument Ry

¢ nae with & motor assembly having & motor aod a drive mechanism, The cutling instrument
mncludes an elongats drive mamber defining a proximal section and a distal section, &
cutting ip secused {o the distal section of the drive member, and 1 non-condictive
coupling body adapted for connection to & motor assebly drive mechanism, the coupling
body secured to the proximal seetion of the drive momber, The instrument also includes 2

15 houstog maeiotaining the coupling body and the prosimal seetion of the drive mamber, and
an glectrical connector for vonnection fo a stinsulsting eoergy source. In particdar, e
stectrical connector i in slecrical communication with the cutting Hp vis sn electrical
pathrwny established by at least the deive niember, To one embodiment, the cutting
mstriment has a onrved configuration; in anothey sibodiment, the cutiing instrement is

2 siraight,

Other embodiments of the present invention relate to a swrgical cuting svstem

inclading a swgical cutting ostrument, a motor assembly, and m evoked potential
momtor system, The surgical coiting instnament includes an elongste drive member, g
cutting i, 3 non-conductive coupling body, a housing, and an electical connector

23 electrical commupication with the catiing tip viz an electrical pethweay, The motor
asssnbly Includes & drive motor and g drive mechanism driven by the motor, The
coupling body and the drive mechanism are configured to relsasably mouns & one
anothier. The coupling body electically isulates the drive machanism from the cuiting tp
electrical pathway upon mounting of the cutting instrament 1o the wotor sssembly. The

R evoked potential monitor sysiem includes an energy source selectively dlectrically coupled
fix the sutting tip via the eleciics] connecter for applving a stinmulating ensrgy o the

cutting tp via the slectrcal connector and the slectrical pathway.
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Yot other embodiments of the present invention refate (0 3 method of performing a
surgiost culting procedure ingluding providing & surgicdl cutting instrumoent having an
slomgats drive member, 2 cutting dp, a nou-consdnetive coupling body, a housing, sud an

cluctrical connvctor electrivally connectad o the cutting Hy via an alsctricad pafinvay. &

%]

maotar assembly is couplad to the eoupling body. An evoked potential momitoring system
is conngeled 1o the cotting insirumeny via the eloctdcal comnector such that s energy
sowrce of the evoked potential monitor system i in electrical communication with the
cutting ip. The motor assembly is operatad to effertunte performance of a sutting
operation with the cutting tip. A stinwmlation snergy is appliad to the cutting fip to

10 facilitale delecting o proximity of the cutting fip 1o a nerve by the evoked potential montior

SUSn,

[

¥et other epbodiments of the present fnvention relate 1o a surgical cutting
itrurneat for use with @ motor assembly including a motor housing and a motor driving &
drive mechanism, The surgical cutting strument includes an elongste drive member, &
15 cutting Hp, & non-conductive coupting body, and a nov-conductive nstrument houstog,
The cutting tip is secured 10 o distad section of the donuste drive mensber, whereas
the non~-conductive coupling body is xecured to a proxinal section thereof Further, the
non-conductive conpling body is configured for selective altachiment 1o the drive
mechanism of the wmotor assembly.  The instruman housing is provided apmt from the
24 housing, aud maintaing a portion of the elongate drive mensber and the coupling buady,
Lipon mounting 10 the motor assembly, the coupling body and the insirument howsing
isolate the culting Bp fram electrival or triboelectric noise generated by the motor

sssembly.

2% Bref Desaription of the Dravings
FIG. 1 s a crosssectional view of ong embodiment surgionl cutiing instroment in
accordancs with principles of the prosent vention,

FIG 2 is an exploded, woss-spution view of the surgical cutting insdrument of FIG

30 FIG. 3 ts g wross~sectional view of anoher embodiment surgical culting nsirumen

i aecordancs with principles of the present invention.
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FIG. 4 iy a cross-sectional view, inclading portions shown schematically, of
another embodimant surgical culting instrement in gcoordance with principles of the
prosent invention in conjuetion with a motor assembly,

FIG. A is a oross-suctional view of anuther embodinient surpival cutting

X Hwlrurnent in accordance with principles of the present invertion in conjunction with a
mstor assembly,

FIG. 3B is a cross-sectional view of a portion of the instrument of FIG. 84,

FIG. 6 iy & schematic luswration of o surgival cutting system in sccordance with
pristeipies of the prezent isvention.

1@ FIG. 7 1 a schormadic Blustration of another surgical cutitng svsiem in accordance

with principles of the prosent invastion.

Detailed Description
One embodiment of a surgical cotting insirument 20 is shown i FIGS. T and 2,
13 The swrgical cutting instrament 20 tnctudes an outer support tube 32, an elongais drive
soember 24, a cutting Hp 26, 3 coupling budy {e.q., atang) 28, 1 housing 39, md an
glectnoat connector 32, T general torms, the elongats drive member 24 i coaxially
disposed within the cuter support tube 22, The cutiing tip 26 is connected o and extends
distally from the dlongate drive member 24, The coupling body 28 is secured to the
24 alomgats deive member 34, The housing 30 maintains the outsr support tube 22 and the
coupting body 28, The electrics] connector 32 delivers electrical energy from 3 source
{not shown) to the cutting Up 26 via av electricel pathway established, ot losst b part, by
the drive member 24, with the coupling body 8 electrically isolating the sleciriest
patheay from componeits (2.2., & ok assenbly otharwise proximally momntad 10 the
23 couphing body 28.

In somoe embodiments, 8 journal bearing is established between the shongate deve
menber 24 and the owter tube 22 upon rtation of the elongate drive mamber 24 relative to
the outey tube 22 {a.g., ¥ia 2 motur assenbly (not shownd). In some embodiments, the
surgtoat Cutting lnstrument 20 and components thereof provide one or more festures that

Rt Factitate extromely high rotalionn] speads (on the order of SR.O00 RPM), with the cuter
tube 22, and thus the clongate drive membsy 24, defining one or more curved segments

p~d

whers desired. ULS. Application Serial No. 10/776,838 (filud Felwuary 11, 2004 angd
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entited “High Spead Swrgical Culling Instrument™, the leachings of which are
wosrporated herein by referency, describes examples of such featurss tn accordance with

ene enmbodituent.

The outer tabe 22 is an elongate wbular body, defining o provtimal region 48
3 termnating at & proximal end 42, a distal region 44 ferminating at ¢ distal end 46, and an

intormediabe region 47 betwesn the proximal and distal regions 40, 44, Funher, the cuter
tube 22 defines a fumen 48 {host shown fo FIG. 2) exiending from the proxismal end 42 to
the distal end 46, Thus, an twer surface 30 of the duter tube 22 formy the lumen 48,
The outer tube 22 can asswne 3 vanety of longituding shapss. As shown o 52 i

16 FiG, 1, in ong embodiment, the ower tabe 22 includes a carved segroent at or along one or
both of the uermediate region 47 audfor the distal region 44, In addition, the outer wibe
22 is comstructed to facilitate fonmation of a rotating fournal bearing (Lo, fictional shiding
journad bearing) relative 1o the elongate drive mamber 24 in the smbodiment shown in
FIG. 1 As will be described in groster detail below, ihe outer tube 22 acts as & part of s

15 electrical pathway in scme embodiments of the present invention. As such, at least g
portion of the outer wube 22 is constructad of an electrivally conductive materiad such that
the outer ube 22 1 capable of being in dectrical communication with the elongate drive
merber 24 and the electrieal connector 32, The cuter tube 22 & also constructed of o
rterial selected to provide the cuter tabe 22 with high strength, high stiffhess

23 characteristics satisfving disneusional and curvature constraints as desired. Inone
erabodinent, the coter tube 22 is raade of conventional surgical nstrament materials, such
ay staindess steel.

Retunsing to FIG. 2, the elongate drive member 24 inchudes a proxinml section 80

aeed 7 clistad section 62, The clongate drive member 24 has an overall longitudingl fongth

23 greater than the ower tube 32 such that, apon final assembly, the proximal and distal
sections 60, 6 extond from the ends 42, 468, respectively, of the outer tube 33 The
alimgate drive momber 24 i slso construvted  be relatively thin, tn particwar, the
thinpess of the elongate member 24, s combination with the absence of 3 bl bearing
assembly as part of the Instrament 20, allows the Tomen 48 (o have a rolatively small

3 iameter, such that even with o preferred, mintmized outer digmeter, the ouler tube 22 can
have sufficient thicknsss to provide requisite stiffhess when an sppropriate mateial feg.,

174 stainluss steel) is selected for the outer tube 22
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in one embodiment, the slongaie drive mernber 24 is also constrocted to Rilitate a
rotating journal begring relative to the ouler tube 22 while mainiaining siructural Imeptity
alnug a curved axial length, In particwdar, the slongate drive menber 34 {s formed to

exhibit high strength and good fatigue characteristics. Additionally, at least u portion of

¥

the slongate drive member 24 is made of a conductive material to Tacilitate slecivical
comunumcation between the outer support tube 22, the elongaie drive member 24, and, as
will be described in grenter detail below, the cutting tip 26, Thus, in one embodiment, the
clongate drive mewber 24 is formad of M2 hardened tool stesl. Altematively, other
materialy exhibiting the desived durability, fracturs resistance, slectrical conductivity, sie.,
18 can be emploved for the clongate drive member 24,
Assembly of the surgical cutting instrument 20 is desoribed in greater detadl below,
With regpect 1o assembly of the owter tube 22 and the elongate diive membey 34, however,
a lubricant (not showny iy praferably provided along o leogth of the interface behween the
o components 22, 24 @ facilitate formation of a hydrodynamic journal bearing
13 therehatwean. The elongate drive mamber 24 effectively “floals” relative to the ouler tube
2 upon rotutinn of the slongate drive member 24 a8 it is supported by a bvdrodynansic
giivet As desorthed in greater detai! below, intimate contact belyween the muter tube 2
and the drive meraber 24 ensures thal the desived elestrical pathway is constantly
swintsined betweey the components 22, 34, such that the Inbricant need not necessarily he
26 shectrically conductive. In another embadiment, fhe fubricant is electrically conductive
and further facilitates elecirical commumication between the owter fubs 22 and the elongate
drive member 24, Thus, in one entbodiment the hibwicani is an slecirical v conrductive
grease lubreant, such as g lubrivant aveilable from Nye Lubwicants of Fairhaven, M4,
ntrdey the trade neme Nyogel 7560, However, in light of this description, it shonld be
23 widerstond that other conductive Tubricant materials can be emploved.
Fhe cutling tip 26 can assume g variely of forms, and in one ewmbodiment inchudes
a cuttiog bur 70 sud au sttachment sud 720 The sttachmens end 72 iy sized 1o regeive the
distal seotion 62 of the elongate drive member 34, To thiz end, the cutting tip 26 can be
secured 1o the distal section 62 of the slongate drive momber 24 via & munber of known
Rt progesses such as, for example, welding, braising, press-itting, thermel shrink fitiing,
aolbesive, efe. Altematively, the slongate drive msunber 24 and the cutting p 26 cun be

irtegrally formed such ax by muchining the elongate dibve muambey 24 and the cutting dp
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36 from a single piece of stock material. Regardless, the elongate drive member 24 and
the cntting tip 26 should be seowred in 2 manner 1o facilitale slectrical commumication
botwven the two comiponents 24, 26 As such, the cuting tp 26 is formed of alsotroatly

conductive material, such as nickel alloy materials in one entbodiment. While the cutting

%3

tip 26 might inclade such cotting stractures as snxall dismond burs, i shoukd be widerstood
that the spaces hetween such structores and the tissue and fhuid associated with cuting
operations allow an elecivical interdhee between a cutting area {not shown) and conductive
portions of the cutting tp 26, Repsrdless. the nverall form of the cufting bur 70 can
senamne & varisty of shapes and sizex koowa inthe st de.g, 2 mm fwed, 1 mm diamond,
10 gte.}. Alematively, the cutliog tp 26 can assume any other form appropriste for fissus
andfn bone cutting procedures,
The conpling body 28 can assame & varisty of forms but is gensrally configured to
Facthitate connaction of a motor assembly (oot shown) to the ef ongate drive member 34,
As will be understood in greater detail below, some embodiments of the present invention
15 muire that the motor assembly be electrically fnsulated from the elongats drive mamber
24, Inune such wmboditent, the coupling budy 28 is frmed of a non-conductive material
w order 10 snsure that the motor assembly is dlscirically nsulated from the slongats drive
meraber 24, For example, fn one embodinent the conpling body 28 is formed of non-
conduntive cermmic or plastic matertal, such ax an Ultens  resin available from OF
24 Plasties of Pitistield, MA or tther polvmeric or ceramiv matarialy sxhibiting shntlar enaife
strength, Alternatively, the coupling body 28 can be formed from metalimetal athoy with a
thin, non-conductive exterior coating,
1 should be understood that the motor assembly {not shown) can be of the type
typioaly smploved with surgical eutting instruments, sucks us elecirie, batterv-powered, oy
25 prsmatic, One exeraplary motor assembly is avatlable from Medivonie-Xomed of
Jacksonyille, FL under the trade name VisaoR, Aliernatively, other types of motors or
duill deive systems cun be smploved, Tu general terms, the mutor assembly inclndes 3
bousing maintsining 2 drive motor. The motor drives (o2, rotates) a shaft or ather drive

mechanism that is conpected to the elongate drive menber 24 apon mowting of the

]
perd

cutting instrumsnt 20 10 the motor sssermbly. To this ond, the drive mechanism can
include o connector of @ wpe typically emploved with surgical cutting struments thay

facifisates convection or coupling 1o the cutting device, such s a muchanical connscior
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{e.¢.. the drive mechanism can inctode & chiek extending from a motor~driven shadt
appostie the drive moton), nea-contacting alr-driven conpling, ete. With this in mind the
coupling body 28 of FIGS, 1 and 2 is adapted firr use with a mechanionlvpe drive
mechanism connector (2.8, chuck) for selective mounting of the coupling body 2% to the
3 drive mechanisny, with the coupling body 28 dlectrically isolating the drive mechanism,
smd fhas the motor, from the slongaie drive member 24,
In more specific terms, and i one erabodiment, the coupling body 28 is defined by
a distal portion 80 and a proximal portinn 82, The distal portion 80 forms a first passags
34 extonding froms a distal end 86 thereof. The first passage 84 defines » dinmeter sized fo
G toosaly receive the proximal end 42 of the oater tube 22, serving o geoerally align the
cuter tube 23 relative 1o the proximal portion 82, Fuportzatly, the distal porticn 8¢ can
rotate frondy about the outer tube 22 The proximal portion 82 Torms a second passags K7
extonding proximatly from tha first passage 84 The second passags 37 38 sized o receive
and madatain the proximal section 60 of the elongste drve member 24, I this regard, the
15 coupling bady 28 can be further seeured to the proximal section 60 of the elongats drive
meraber 24 by a varfety of technigues. For exanple, the coupling body 28 van be over-
molded onto the elongate deive member 24, However, in ons embodiment, the coupling
body 28 is further seeured o the proximel section 60 of the clongate drive nember 34 by
an epoxy, such as Loctite® M-31CL ™ avatlable from Henkel Loctite Corp,
X} Alternatively, other epoxies or adbesives can be uged.
The proxinwd portion 82 of the coupling body 28 forms a groove 90 and a tang 92
each adapted 1o facililate coupling o the motor sssembly drtve mechanism {not shos),
For example a chuck. The tang %2 serves g8 a guide suclace that promotes rapid, covsistent
assetnbly of the drive mechanism to the coupling body 28, Oncs again, hwaver, the
25 coupling body 28 can assame a vadlety of other configurations.
Sigilar fo the coupling body 28, the housing 30 can assume 8 variely of fornw and
1 pewerslly configored o support the outer b 22 as wall as facilitate attachment of the
coupiing body 28, and elongate drive member 24, to 2 motor assembly or “handpiese”
{nol showen). The instrument housing 30 is provided apart from sy housing sssoviaied
R with the mojor assemblyhandpiece, In one embodimon, the hoasing 30 is formed From s
non-conductive materiad such that the housing 36 alse facHitates electrical isolation of the

motor assambly froam the elongate deive memnbir 24, and in particnlar from the cutling tip
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36, upon astembly of the cutling instrument 20 to the motor assembly. For example, in
ane smbodiment the housing 30 s formed of aliquid crvstal polymer, To this end, the
housing 30 can be insert molded over the outer tube 22, Allemstively, 3 vaciely uf other

assemibly techusiques, sucls as gluing, welding, press fitting, thermal shrink fitting, ste, ave

k<1

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

mouting 1o the motor sssembly. In one embodiment, the housing 30 fornw a ceutral

spertare 100 having an open proximal end 102 defined by a plurality of spaced fingers

104, The central aperture 100 s sized to veceive af least a portion of the motor assembly

{=.2., aoollet otherwise malntaining a chuck portion of the motor assembly dive

it mechanisn), with the fogers 104 serving to caplure the motor assembly within the
aperiure 100, In addition, or altematively, the hotsing 30 can be configured t favilitate
attackment to the motor sssembly via snap 3t threads, interfiwence B, sie. Further, with
the embodiments of FIGE. 1 and 2, the howsing 30 defines a passage 106 fuidly connected
to the gporture 100, The passage 106 is sized to maintain the owter tube 22 and can be

15 formed during an tosert molding procedure.

The electrival conmector 32 fnchades an losulated wire 110 having an exposed end

H13. Por purposes of clasity, the size of the wire 110 is exageerated in FIGS. 1 and 3. As
shown in FIG. 1, the exposed end 112 is soldered fo an omter surface of the cuier support
tube 22, with 3 distal portion of the wire being supported by fle bousing 30, However, in

243 alternative ambudineniy, the slectvical connector 32 can be weldsd, attached with a metal
conneckor (8.2, sorew), press fitted, ciimped, or attached with conductive adhesive io the
ouder support tube 22 or integrally Tormed therewith, In peneral terms, the slecirical
commector 32, and in parlicular the wire 110, can be electrically connected fo suy point
along & Jength of Gie outer tube 22; howaver, the area nearsst the bousing 30 or

2% ercompassad within the housing 3 is most evgonomical.

The strgical cutling instromient 20 is sssembled by coaxiatly disposing the

sdnvgate drive member 24 within the heven 48 of the onter tube 22, As previously
describied, it one smbodiment a grease Iubricaut (ot shewnd I disposed alvng at feast 2
portion of, preferably an eutirety of, an interface betwween the elongate drfve member 24

30 snd the toner surlace 30 of the ovter twbe 22, The outer tabe 22 is gssambled to the

honsing 30 as shown in FIG. 1, with the intermadiate region 47 aud the distal region 48

extending distal to the housing 30, Ax mentionsd, in one embodiment, the insulaied wirs
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111 of the electrical conpector 32 1% in electrical communication with the outer tube 22 &
it is soldered {0 a portion of the owter fube 22,
The bousing 30 can be insers molded over both the owter tube 22 and 1 portion of
the elecirical conector 32 extemding from the outer tube 22, with the slougats drive
5 member 34 then being placed within the Inwen 48, Additionally, in one ewbodissent, an
exterior non-conductive coating or sleeve {not shown) is formed or provided over the outer
tube 23 distal the housing 30, For example, in one embodiment, 8 non-condactive sleeve
{x.2., a shrnk tube of polvester) is Hitted abowt an exterior portion of the outer ube 22
otherwise extending distally from the housing 30 to the distal end 46, As will be
¢ wnderstood in greater detatl bulow, the non~-conduciive coating or sleeve promotes fhe
ability of the sutting tip 26 10 act as an electiical probe, praventing shunting of current to
swrrounding tissue, bone, or ofher stractures when a stimulation ensrgy is applind thereto
{ax might otherwise occar were the mutal tube 22 Toft sxteriody “exposed™. &ddittonadly,
it ong embodiment, various prefesred design features of the surgical cutting instrament 20,
{5 such a2y material selection and the resnliant journal bearing, dllow for only Hinited
exposurs of the elongats drive member 24 distal to the distsl end 46 of the outer tube 23,
represented 3 B i FIG. 1 For exaaple, the exposed lengih B of the slongale duive
merber 24 is proforgbly vot gremter than 0.1 inch (2,54 mam), and more proferably nat
seeater than 805 inch (1.3 nund. Inlight of this disclosure, it shonld be nnderstood that
2 this Bmited exposure of the elongate drive yoembar 24 {that is uthenvise elevirically
conductive) o the environment can also promote more effective uss of the culting Up 26
sy an slectrical probe by reducing potential electrical shuning,
Regardless, the coupling body 28 is secured o the prosimal section 86 of the
glongate drive member 24, whereas the cutting Up 26 i3 sitached to the distal seotion 62 of
25 the olongate drive mernber 24 With s assembly, the fosubated wire 110 of fhe dectricat
connector 32 is in electticnl comnumication with the outer support fube 22, which in tam
) i slectrical communication with the elongate drive member 24, which i fum is in
olsctricyl conmmunication with the cutting tip 26, This forms s wlectrical pathrway
conststing of the electrical comector 32, the outer support tube 22, the elongate drive
R membar 34, and the cutting tip 30.
As alluded to above, the instrumst 20 provides an extransly stable sleetriond

pathoy between the slectrival cormector 32 and the ontting p 26, In one embodiment,
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mtimate contact botween the outer fube 22 and the slongate drve mermber 24 (due, at least
i pard, 10 the berud) esiablishes and cousistently maintains the cominuons sleciricat
cotpling betwseen the 1w components 22, 24, such that any lnbricaut provided batwesn
the outer tube 22 and the drive member 24 need not be electrically conductive, In
5 sltemative smbodinents, the use of sn dlectrically conductive grease for the joemal
bearing acts to further maintain continueus slectrical communication between the ouler
support tube 22 and the elongate drive member 24, Regardless, the journal hearing scis o
matpain coptinucus electrical communicating bebween the slectrical connector 32 and the
cutling Hp 26 both of rest and during biglespeed cutting operations, for sxample fhoss
13 reaching greater than 20,000 RPM, and in particelar, those reaching approximately 80,000
RPML In tum, the non-condactive coupling body 28 and non-ponsductive housing 30 act 1o
iudate the mwotor assernbly {0t showa from the slecirical pathway 1o prevent
mterrapiion or misdivection of electrioal currant fraveling through the sledvical pathway o

the cutiing tip 26, This electrical isolation of the motor assembly is particularly importan

R

when the motor assembly {or handpises) is grounded. In particndar, it prevents surrent
frony bedag shunted away from the electricyd pathwy betwesn the electrical onnnector 32
and the catting fip 36,
In additicn, by eleetrically isolating the pottent-gpplied component {i.e., the cutting
tip 36} from the motor assembly {not shown), the non-conductive coupling body 28
23 housing 30 setve 1o pravent the conduction of any electrical or tihoelectic nolse from the
motor assembly to the culling tp 26 that might otherwise cause interforence with other
devices positioned near or at the surgical site that rely apon biosiguals from the patient for
proper operation. Thas, the cutling instrament 20 is highly compatible for use with other
devices that amplify fow-level Mosigns such as EMG, BRG, EEG, ABR, ofc., fiw the
A puarpose of intraoperstively monitoring patient status, In fact, in alternative embodiments,
the olectrieal conductor 32 can be eliminated, with the rosultant cutting fustrument
providing a distinet improvement over existing designs when used i1 conjunction with g
separate patived monitoring devics,
While the surgical cutting hstrument 20 has been deseribed as providing & corved
3 shall configaration caprble of high speed operation, in other embodiments, a more
covventional straight shall design can be enploved and are capable of supponing largsy

shadt dismeters and cutting tip diameters of 7 mon or greater {for example, for tulk bone
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removal procedures). For example, the sergical cutting instroment 20 can be formad with
the owter tube 22, and fiws the slongate drive member 24, assuming a straight or Hosar
shape. Aljernatively, FIG. 3 illustrates another emabodiment surgieal onttivg insmument

120 i accordanee with principles of the present invention that includes an elomgate drive

%4

member 124, & culting tip 126, a coupling body 128, a housing 130, an elecirical connector
132, and a bearing sssembly 134, The sirgical cutting instrument 120 can be used as 8
“nose piece,” similar to what is sometimes termed & “bur extender,” that can be fitied on
the front of & motor assembly or “handpicce™ (not shown} to provide additions] stability
(&2, 1o prevent wobble) 1o the dongate drive member 124 and catting dp 136, In
18 addition, and as described below, the sirgical cutting iostrument 120 4 unspsely
configured o establish an elecirical patdvevay from the eleciical connector 132 & the
sutting Hip 1260
In general torms of assembly and function, the elongats drive member 134 5s
coaxially disposed within the honsing 130, The cutting Hip 126 is comnecied to and
15 extends distally from the eloogate drive member 124, The coupling body 128 is seoured
for the alongate drive member 124 and s adapted for connection 1o a drive mechanisn
copnector (nol shoven) of & motor asserobly {nof shown). The bousing 130 is provided
apart from the mator assebly, and maintsins the slectrical commector 132 and the Waring
assemnbly 134, Thus, the housing 130 acts to maintain and support the slongate drive
i member 124 {ay wall as the cutting tip 126 secured therets and the buaring assembly 134,
Finally, an eloctrical pathway is extablished from the electrical connector 132 1o
the cutting tip 126, for example via the bearing assembly 134 and the drive member 124,
However, i should be noted that tnsiead of the conductive coupling relationship shown,
the cufting mstrument 128 can be configured 1o sstablish an inductive or sapacitive
23 coupling to the cutting Hp 138,
The elongate drive momber 124 includes a proximal section 160 snd a distal
ssotion 162, As shown, the dlongate drive member 124 has sn pverall longitudingd length
sweater than that of the howsing 130 such that upos fual asserbly, (he distal section 162
extends from the housing 130, At least & portion of the dlongate drive member 1234 i
R formed of & conductive material in order 1o Tucilitate electrical comnuunipation with the
cutting tip 126, as will be despribed in greater detail below. Scune appropriste materials

inchude staindess steel and foul steel matenials, such as M-Seriss ool steels, A-Series tool
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sleels, ele. Altematively, other materials exhibiting the desived durabiliiy, factare
rosistance, conduetivity, ete., can be smploved for the slongate drive member 124,
The coupling body 128 can assumme 3 vartely of forms, hut is genwrally contigured to

facilitate conneotion of a mulor assembly drive muchanism sonnettor (not shown} fo the

%]

slongate drive member 124, As a point of reforence, the motor assersbly {not shoven) and
the drive mechanism cormecior can assurme a variety of forms (.., can include a chuck),
s previously described in assoctation with other embodiments, In one embodiment, the
coupling body 128 ix defined by a distal portion 180 and a proximal pordon 182, The
distal portion 180 of the coupling body 128 is configad to facilitate coupling of the
G slongate drive mernber 124 to the coupling body 128 The coupling body 128 can be
secursd 10 the proximal section 160 of the elongate drive member 124 by 2 varisty of
technigues, such as via adhesives, mule andfor fanate thrsads, overmolding the cunpting
body 12R over the elongets deve member 124, and others. The proxioal poriion 182, in
turn, is configured to serve as a guide sorface that promotes rapid, consistent assembly of
15 the motor assembly drive mechanisn comnector (2.8, a chuck) 1o the conpling body 128,
{inee again, however, the coupling body 128 can asstme  vasiety of wther forms,
as can assembly of the coupling body 128 to the elongate drive member 124 andfor to the
moter asserably drive nechanism
Sirilar to other embodiments previcusly described, the coupling hody 128 ix
43 formud of a non-conductive material and serves 1 assist n eleciically isulating the
slongate drive mamber 124 from the motor assernbly (ot shownd. As such, the non-
sonductive coupling body 128 can be formed of & varisly of non-vondactive materials ag
praviously described.
The cutting tip 126 can also axsume a vardety of forms, including those previously
2% deseribed, The cutling 1ip 126 inchudes a cutling bur 170 and an attachmest end 172, The
atiachment end 172 is configured to regeive the distel section 162 of the elongate deive
meneber 124, To this el the coiting tip 126 can be seowrsd 0 the distal section 162 of
the elongate drive memmbier 124 via a mumber of known methods such g, for axamiphy,
walding, braising, press-Titting, thermal shrink fitling, adbesive, male andfor female
R threads, ete. The elongate drive member 124 and the cmtting Hp 126 van altematively be
itegrally formed such as by machining the elongate drive mesnbsy 124 and the cutting tip

136 from a xingle plece of stock material. Additionally, the cutting tnwr 170 con assume a
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variety of shapes and sives known in the art (2.g., 2 mw, 1 yom diamond, et}
Regardloss, the elongate deve meember 124 and the colling fip 126 are secured together
siwh thas they are in olecitival conunurdontion, as praviousty descridbed in association with

aibher embodimenis,

[

The bousing 130 can sssume & vanety of forms and is generally configured o
matniain the elongate drive member 124, the electrical connector 132, and the bearing
sesombly 134, as well as freilitate moaniing of the culting instroment 12040 8 motor
assembly (not shown), To thix sad, the housing 139 can be insert mmolded over aportion of
the alectrics] connector 132 and the bearing assembly 134, Altematively, a variady of
10 other manufactaring fechuiques, such as gluing, welding, press-fliting, thermal sheink
fitting, s, are equally acceptable. The housing 130 can incorporate a variety of features
that facilitate assembly o the motor assembly, including those previvusly desoribed. For
example, o one embodiment, the honsing 130 Rums a central aperiurs 300 having an open
proxunst end 202 configured for attachment (0 1 corresponding component {a.g, a colled)

15 of the motor assembly via wethods koo 10 those of crdinany skill in the art. The conird
apertars 200 is sized 10 receive and caplure ut least u portion of the motor sssembly. In
addifion, or alteraatively, the hoosing 130 can be configured o faciliiate stiachmant o the
mofor asserbly vig soap s, threads, inteformuce Y, ete. by one embodiment, the
housing 130 is formed of a non-conductive matanial (eg., a Hquid crvsted polymer to

24 avsist i aleotrioudly holating the motur assembly from an elecitical pathway formed by
the cuthng instrament 120 as described balow,

The electrical conmector 132 ix configured fo facilitate delivery of 3 stivvdation

engrgy from an engrgy souree (not shown} to the culting tip 136 vin the electrical pathweay.
As such, in one embodiment, the electrical connsetnr 132 includes nsulated wirs 218

28 having an exposed end 2120 As will be desoribed in groater detai! below, the fnsulated
wirg T can be connecied 1o monitoring systems, such as the energy sowee of anerve
monitoring systent {ocd shown). As shewnin FIG. 3, the insulated wire 2180 has besn
overmolded o the housing 130, with the exposed end 212 in contact with the beaing
segamibly 134, o partcudar, the exposed eod 212 ks eoldered or othenwise elzotrically

30 orupted (e, metal fustener, condagtive adbesive, crimping, press i, ete.) to the bearing

asvontbly 134, In other ensbodiments, the electrical connector 132 can establish an

glecivival pathway 1o the cutling Hip 126 via other mweans. For example, the insulated wirs



WO 2007/051143 PCT/US2006/060267

-~

15

213 can be connecied 10 & wire brush, sach as a berviiion brush sioular io those wsed in
motor seserblies (not shown) that s incontact with the elougale drive mombar 134

Tt one smbodizeent, the bearing assembly 134 ix g hall bearing~type devios, and tnsludes
an mer race or ring 220, an outsr race or fing 222, and yolling elements {or ball basrings)

5 2234, all of which are formed of electrically condoctive material, such as staindesy steal

7

The hearing assembly 134 can slso include a beasing retainer ring, which need not be
formed of alectrically conductive muterial in some embodiments, The bearing sssembly
134, snd in particular the innsr ring 224, defines a bors configurad 1o coaxially reomve the
glongate drive member 124, 1t showdd be noted that the elongate deive membey 124 48

ig reostved within the inner ring 326 with sofficient nfimacy o oreale & contimuous electrical
pathrway hatsvomn the two componsats 134, 230,

From the provious description, # will be understood that the bearing axsembly 134

acts as sn electrical pathway bebwesn the electrical comtettor 133 and the slongate drive

mesnber 134, such that the two gre w electnicyd conmmunication. 1t has been surprisingly

SAade
A

found that passiveed beatingy. and bearings lubricated with non-conductive lubricmy, or

aot oiberwise lubricsted, can interfere with forming an slecivical pathway bebween the

steciricat connector 132 and the elongste drive member 134, For exarnple, the beaning

asswrnbly 134 s designed with snall gops between the rolling eloments 224 and the mces

330, 22 that alow the miling elements 234 1o effectivaly floatin instances of time duning

2 Habh-spead operation. Further, the rolling elerants 224 may have socentricitias that ragult
in sefechive contact betwesn the rolling elements 224, the ouler ring 322, and the moer ring
228 Assuch, v one embodiment, the bearing assembly 134 inclodes conductive grease
{not shown) to £} gaps (oot shown) between fhe rolling elewents 224 and the inwer ring
220 andd the nuter tiag 222, As such, it ong embodinent the bearing asssmbly is

23 hebricatad with a conductive grease, sach as Nvogal® 7360 avallable from Nye

Lubricants of Fairhaven, MA. As mentioned, passivation layers on the rolling

slesnais 224, sach as chromivm exide andior nickal exade, are offon used 1o fnereass
sorrosion resistancs and bardness of the rolling Jements, but can serve to reader them
electrically non-conductive. Ag such, in one embodiment the rolling elements 224 are

£ Formed of non-passivated, staintess sieel. Iroporianily, & has been found fhat by

incorporting such festunzs, the bearing assembly 134 is capable of forming @ vontinuows

slevirical puthway, or continucus electrical consmunication, with the elongate drtve
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mesubar 124 and the electrical connector 132 while the catting fip 130 is af rest s while
it is turning o relgtiesdy bigh rotational speeds grenter than 20,000 RPM, and 1 aue
sanbodimens at spends approaching 80,000 RPM.

Upon final assembly, a stable slectrical pathwayv is established frony e alsotrion

3 conmaetor 132 o the cutting tp 126, Conversely, fhe coupling body 128, as well as the

housing 130, acts to elecinically insolate motor assembly (not shown} From the slectricgd
pathway described upon mouniing of the cuiting instroment 120 to the motor assembly. In
su, 1 ome embodiment, the bearing assembly 134 includes materials and s configured
such that the slectrical pathway it contirvously mainiamed during operation, without

18 intenmitiont inforruption, during hgh-spead rotation of the elongate drive member 124,
such g3 at speedy graater than 20,000 RPM. aud 26 high as 8,000 RPM. The o
sonductive coupling body 128 electrically isvlates the drive member 124 (hat is otherwiss
pavt of the electnical pathway) fromthe cotresponding component of the mofor assembly
driee mechanism o which the coupling body 138 1s attached, wherens the non-conductive

t5 howstng 130 (that otherwiss is in contacy with the electrival pathway) elsctrically fsnlates
the cutting instruments 120 from corresponding component(ss of the motor asssnbly (e,
motor assermbly boustag or collet) to which the instrument housiag 130 is attached.
Depending upon a desived distal extension of the elongate drive member 124 from the
housing 130, the slongate drive member 1234 can furthw include & nov-conductive,

243 axterior couting or slesve o prevent shunting of electrical cuvent away from the desived
slectricdl pathway from the efectrical connector 132 to the culting tp 126 andfyr
nadverient contact with the motor assembly.

1o addition to ensuring 2 siable electrical pathway, the non-conductive coupling
body 128 and housing 130 serve 1o isolate e cutting tp 126 from alsotrical or

23 friboelecirival noise generated by & motor assenbly {not shovn) otheradse mousted o and
rotatingdeiving the clongate drive member 124, Thas, similer o the sargiea! cufting
shenst 20 (FIQ. 1) proviousty described, in alternative embodiments, the surgiont cutiing
itvament 126 nesd not include the elecinical connactor 132, with the resultis instrumend
preventing the transmission of electrical or iriboslectrical noise W the cutling tip 126in g

Rt manmer that might otheradse inferfere with proper operation of a separale intraopergtive

putisnt monitoring devics
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A portion of another embodiment surgical culting instrament 230 in accordance

with principles of the present invention fn conjunction with a portion of a metor assembly
232 is shown in FIQL 4. The nstrument 230 includes an elongate deive mamber 234, a
cutiing Hp 236, a coupling budy 238, a housing 240, & fluld coupling assensidy 242

b {reforonced ponerally), and su electdcal convector 244, For case of illustration, the drive
member 234, the cutting Hip 236, the coupling body 238 and portions of the motor
sesombly 232 are showen schematically in FIG, 4. As deseribed below, the Instramenm 230
opsrates in & smanner siapifar to previows embodimants, whereby the coupling body 238 is

coupled to the motor assembly 232 {such as viaa chuck 246) for votating the cutting fip

G 236, Furher, a stimulating cuerend deliverad by the olectrical connector 244 Bows fo the
cufting tp 236 via the flvid coupling nesenbly 242 as part of an sveked potantial

montioring opwration.
The drive mombar 234 is formed of o rigid, electrically conductive naterial (..,

steed, and defines a distal portion 248, an intermediate portion 250, and a proxinwl

15 portion 332, The distal portion 248 is aftached to or otherwise tonminates mt the cutting 4ip
236 and thus defises an wial tengtly or extension of the cutiing tip 236 relative to the
howsing 244, and can sssume a vadety of lengths. The proximal portion 252 terminates,
or in one sibodiment {as showa) forms, the coupling body 238, Regardiess, i one
ambodimens, the intermediate portion 250 hag an increased vuter diameter as compared to

Hi the distal and proximal portions 248, 232 (af Isast in those regions inunedintely adiacent
the mtermediate portion 230}, and is characterized as being exteriondy expused 5
compared 10 the distal and proxinl portions 248, 252 More particularly, in one
erbodiment ao exterior of the drive member 234 is encompassed by an eleciricallv non-
conductive. nsulatiog coating 234 {refirenced gensraliy) in all regions sxoept the

23 intermediate portion 230, As a polat of reference, a fhickness of the sulating conting 254

iv exaggeraled in FIG, 4 for olarity purposes, With embostiments i which the drive

member 234 forms the eoupling body 238, the coupling body 238 i3 also coversd by the
somting 254 {if being vnderstood that for disrnative embodiments in whick the coupling
body 238 is formed apart from, and subseguently attached 1o, the drive monber 234, the
3 coupling body 238 is either comprised of an electaeally non-conductive material andior is
cuated with an eleotrically insulative covering). Conversely, with embodiments it which

the drive member 234 Torms the culting tp 236, the cutting Up 236 i3 free of the Insulative
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coating 334, Regardiess, the insalative coating 254 can take & varisly of forms and can be
apphivd in 2 mudtitude of mannas. For exanple, the fnselative conting 254 oan be plastic
shrink tublug, over molded plastie, ste., Tormed of an slectricnlly non-cnudustive material.

The cutting U 236 and the coupling body 238 can assume sy of the Reos

[#

previously desoribed. Thus, the cutting tp 236 can be a bor, cutfing teeth, et As altaded

0 shove, the coupling body 238 can be integrally formed by the drive member 23 or

provided separately. In one embodiment, however, the coupling body 238 forms a groove

256 for releasably sngaging the chawek 246, Alsomatively, the coupling body 238 can

asaume other configurations commensurate with a correspunsding component of ths notor

g assembly 232

The housing 240 san nonrperass varions feanwes previously deseribed and is

formed from, or exteriordy coated with, an slectrically son~conductive material {e.g., the
housing 240 con be formad of electrieally Insulative plastie). The housing 240 defines
distad region 258, a proxinwl region 250, and a comiral passage 262, The passage 262

15 along the progimal reging 260 iy vized to matingly recsive a corresponding housing 263
(Hlustrated schematically) of the motor assembly 232, Conversely, the digtal ragion 338
forvns the passage 262 1o be slightly gronter than a diameter of the drive member 234 and
i eondigured 1o awintin portions of the Hluid coupling assembly 242 as deseribed betore,
in one embodiment, the fud coupling assembly 242 includes a sonductive spacer 364 and

343 tabing 2566 fuidly consected 10 a source (ot shiwwn) of electtically conductive fhid, The
conductive spacer 264 15 formed of 2 hardened, electrically conductive metal and i
mowted 10 the distel region 258 of the housing 249 about the passage 262, In ooe
erbodiment, the conductive spaver 264 is 1 ring or other cylindrical shape defining an
internal aperture 268 {refiwenced genwvally). The lnternal aperture 268 has 3 diamalsy

23 approximating an owter dismeter of the intermediate portion 250 of the dive membey 334
sach tha upon Tinal assembly, the intermediale portion 230 is I gpproxinmis contact with
the conductive spacer 264 In one embodiment, the conductive spacer 264 is porow
andfor forms a radial opsning(s) {one of which is flhustrated m 270 in FIG, 4) Ry reasons
described below.

Kt The tobing 266 is formed of an electrieally insulative material and is Suidly

cvupded at @ proximal ensd trot shewa) thereo! 0 2 scurce of electrically conductive fluid

(ot shown), For example, the elsctrically conductive finid can be saling, ete. Rozmdiess,
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a distal end of ihe fubing 266 1 fhuidly connected to the conduciive spacer 354, such a8 via
a poet 372 formed in the housing 240, With this configuration, couductive Buid frow the
tubing 266 fows to the conduvtive spacer 264 and then 1o an interior surfos therent, due

o aither a porosity or other formed opening 270 in the conductive spacer 364 a3

Lo

previously desertbed,

Fraally, the electrical connector 244 13 s inselated wire or ofher body capable of
dettvering an olectricad carvent. The electrical connector 244 s electrically connected
(2.1, waldad) 1o the conductive spacer 264, Thas, a portion of the slectrics! conneotor
234 cany anvdend twough the housing 240 as shown,

1 During use, the cutling instrament 230 is younied {o the molor sssembly 232 as
shown, As a point of refirence, the motor assembly 232 inchudes the chuek 246 forming
an mternal Hange 374 nestable within the groovs 2536 of the coupling body 238 to fcilitate
engagoment betsween the coupling body 3384huck 246, Further, the motor assambly 232

can include bognings 276 (drawn schemativatly)} for supporting the drive member X34

i
e

when votated by driven rotation of the chuek 2467/conpling body 238, Regardless,

stimplating current is defiverad 1o the cuting tip 236 as part of an evoked potential

monitoring operation {hal may or may not coowr in corjunction with cutting) by supplving

a conduetive flutd © the conductive spacer 264 via the tubing 266, Due to 2 porosity

andiowr other opening 274 in the conductive spacer 364, the senductive faid flovws v an

it ntarface or spacing between the conductive spacer 264 and the intermediate portion 230
of the drive roember 234, As shown, a conductive uid film 278 & formed, slectrically
coupling the conductive spacer 264 and the drive momber 334, Where desived, seals (ot
showny gan be provided distal sndfor proxtmial the conductive spacer 264 to contain the
zomductive Buld af the conductive spacer 264 drive member 234 interface. Regavdiess, an

23 clectrical pathway is established in which a stimalating current floves from electrical
conduntor 244 {otherwise electdcally connected 10 8 simulating gusrgy sowee (.
sheswndl, through the conduetive spacer 264 snd the condovtive futd o 378, troagh the
drive member 234, and 1o the cutting Hip 236, The insulstive coating 254 promotes use of
the cutiing Hp 236 as an slectrical probe, preventing shunting of current to surrosnding

X tsspg. Furiber, the josulative coating 254 over the coupling body 238 {or other, non-

conrduetive ennfiguration of the coupling body 23%) in conjumetian with the none
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conductive housing 240 alectrically isolates the conductive pathway deseribed above from
the motor assembly 232 as well as from a user otherwdse handling the housiag 240,
A portion of another embodiment strgrosl cutting nstrument 280 i aecondancs

with the principles of tse present invention in conjutotion with & portion of the mutor

2]

assenbly 232 descobed above, s shown in FIG. SA. The instranent 280 i similar in
many respects 1o the instrument 230 (FIG. 4 previously described, with like eloments
having ltke reforence numbers. 'With this fn mind, the instrument 280 includes the
glongate drive member 234, the sulting up 236, the coupling boady 238, ahousing 282, an
glecirical coupling assembly 284 {referenced generally), and the slecinical connector 344
g As described below, the nsinunent IV operales in & mavnr stmilay o provioas
smbodiments, whereby the motor sssambly 232 is couplad 1o the coupling body 23¥ (uch
as vig the chuek 246) for rotating the cutting fip 336, Further, a stiomdating current
dettverad by the elechrical connecior 244 (such as from a stimulating energy sowee {not
shovwndy flows to the cutting ip 236 via the electrical coupling sssembly 284 as part of an
{5 gveked potential monitoring oparation.

Similar to previous embodiments, the drive mennber 234 is forued of o coated
with angid, slecincally conductive material, and dufines the distal portion 248, the
intermediate porfion 250, and the proximal porticn 232, Tn this regard, the distal and
proximal portons 248, 252 are encompassed or coverad by the elgctrically non-

8 conduciive, insulating coating 234 (referenced ponerally) as previously desaibed, wherses
the mtermediate portion 250 i exteriorly exposed.

The housing 282 18, similar to pravious embodiments, formed of an electrically
non-conductive material, such as plastie. Ju sddition, the housing 287 is configuwred to
msosive and msintain the slevivical coupling sssembly 284, such as via a presy i,

as Alrernagively, the honsing 282 can inclade additions! intemad Teatures that mose securaly
receive snd mainiain the cecineal conpling assembly 284

With additional refivence to FIG. 38, the elecirical conpling assemnbdy 3Bdhasa
rotatable, bearing-lyvpe configuration, and includes an ner hamass 283, an outer racy J8E,
and & bearing body 29 The mer harness 286 is a generally sing-shaped body defining &

3 base 202 snd a plorality of fingers 294, The fingers 394 extend from tho base 202 in 2
pereraily lngittingd fashion (ralative to the Jonpituding] axis defined by the drive

menther 234), and consbing 1o define an joney diametey approximating an ouler diameer
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of the intermediate portion 239 of the drive mamber 23 Thus, upon final assembly, the
finpers 394 conjact and engage the intermedime portion 250 oF the drtve vaerber 33, To

snsure covsisiend, continuous contid, i nne smbodined, the fingers 294 are “pre-

Joadad™ i extend radially inwardiv relative to the base 292, conmtlsining o nsturally

i

sssume anjoner dismetor Tess than sn outer diameter of e intermedinde portion 230,
Regardless, the imer hamess 286 s formed of an electrivally condustive motal,
such assteel, The outer race 288 is stmilady formed of 8 conductive metal, sand is sized
for securamant 1o the honsiong 282 {e.g, prass §). Finally, the bearing body 390 iz alse
slevinivally conductive, and is adapted o facilifate rotstion of the ioner barness 286
G refative fo the ouder race 288, Tn one smbodiment, the besnoyg body 290 is a ferro-fhad
bearing. In addition, or as an aliernative, the bearing body 290 can includs one o mowe
tall bearing(s) formsed of @ slectrically conductive material {e.g., steel). Regardiess, the
sloctrical comotor 344 mclondes an insolaied wire elecinically coupled (o.g., welded) o

the outer mee 288, and thus, can exiend through a thickness of the housing 283, With this

s
L

conrfigurstion, an electticd pathway is established from the slectrical connscior 244 v the
cutting Hp 230 via the slectvical coupling sssemsbly 284 and the drive member 234,
Retuning o FIG. SA, during use the instrament 280 is connected fo the wolor

assembly 232, For exaraple, the chuck 246 {shown schematicnlly) is connected 1o the

coupling body 238, with the beanings 374 {shown schenatically) supporting the dites

24 mamber 234 s praviously destribed. Rotation of the chuck 246 causes the culting tp 236
o rolate as part of & catting operation. In addition, the instrament 280 can bo emploved o
perform an evoked potential nounttoning operation apart from andfor simulianeousty with
tssne utiing, A stinwdating cwrvent is deliverad via the electrical comnecior 244 to the
sleviricat coupling sssetmbly 284, In pastionby, the stimulating current is delivered o the

A puter race 288 which in tum condocts the current to the inner haness via the beating
asssanbly 200, Intimate contact bebween the tnner harvess 285 aad fhe drive membor 334
{ropurdiess of whether the drive member 234 i rotaging) conduets the applisd corrnt o
the culting ip 236, Once again, the insulative costing 2534 prevents shunting of the curvent
distal the housing 282, sach that the current s focosed apon the cutting tip 236, In

3N seldition, the iosulative coating 234 (andfor other non-ponductive featores sssociated with

the coupling body 238) and the housing 283 poanbine Yo insulate the maotor axsembly 232

froms the cwrnmt, as well as from 2 wser otherwiss handling the howsing 282, Inons
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smbodunent, the housing 3B2/clectrical coupling assernbly 284 serves as a reunable
device, and thus can be repeatedly coployed with # variety of other drive mambers 2
{and thus, cutting Hp 236 sud coupling hody 238} configurations.
Regardiess of an exact form of the surgical cutting hstrument, a surgical ontting
5 system can be provided in accordance with principles of the present invention, For
example, FIG, 6 ilhwirates schematically a suegien] cutiing svsiem 300 in accordance with
one embodiment of the present invention. The surgical cutiing sysiem 300 includes &
surgival cutting instrument 310, amolor assambly 320, and an evoked potential monitor
{or monitoring) system 330, Ithas been discovered that the ssquential and separate
10 process of probing then catting, or vice-versa, a8 has been requirad n the past, i an wea
of potential improvemsnt addressed by the surgical ontting systen 300, rexulting, or
examply, in an eardy warning system for surgeons, alerting them to puteatiad iafrogenie
ury to neurad tissue, The stndtaneons culting and probing procudure described hefow
safer for the pattent {as compared o the conventional technique of aliemating cuting
13 and pmtsmg) as the sargeon is no longer required fo manvally estimate the sppropriate
dapth of vut between probing operations, and overall procedure time is reduced,
In one embodiment, the surgical cuiting nstrument 310 can be of & stoalar design
1o the surgieal cntting tnstruments 20(FIG. D, 120 (FIG. 3), 230 (FIG. 4), or 380 FIG,
SA}, previcusly described, and generally includes a cutting tip 312 and an elecuical
23 copecty 314, with the electrical connector 314 being sleatrically connscted to the cutting
tp 313 via an elecivical pathway established by the cutting instrament 310 as previously
described. The rootor assermbly 320 can essume any known form, and though shown
schematically, generally inchudes a housing, a modor and a drive mechanismiconnector,
with the surgical entting strument 31 and the motor assenlly 320 adapted for mounting
23 1o one another as previowsly desoribed. Regardiess, the motor assembly 320 and the
sprgical cutting nstrament 310 are sssembled such that motor asserably 320 drives {e.g.,
rotates) the cutting #p 312 du onder to perform a cutting operation, Notably, as deswribed
above, the motor assembly 320 s electricadly fsolatad from the cutting tip 312 and e
electrical pathweay upon mounting of the cutting instrament 310 to the motor assembly
R 320
The evoked potantial monitor sydtam 330 is a nerve Nty mmvkwing svatem,

such as & Nid-Response# 2.0 nerve integrity monitoring systom available from
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Send

Medtronit-Xomed, Inc. of Jacksonville, FL. In general terme, the svoked polantial
monitor system 330 is adapied to ndicage when an energized probe, for examyple the
cusiing Hp 312, i progimate a serve 340 (shown schomatically) during a surgical cutting
procudwe. For snample, the evoled potential monitor system 330 can include 2 pationt

3 tnterface console mantaining crendtry and related squipment, the consols balng capable
of providing a stimulaling energy of current to a probe via 2 stinudsting energy sowrce
provided as part of the systen: 330, In addition, electrodes {not shown) se placed on or in
muscles that are ensrvated by nerves in proxisity o the expected onfting xren, and are
slectrivally coupled to the interface console. Ty thds manner, the slectrodss signal &

18 response 1o the patiend interface console’s Infernal equipmant {e.g., processor) whan a

stimulating onrrent engrvates a nerve of concem. The evoked potential monttor system
330 can also include alavms or other indicstors as known in the art. Ragardiess, the
slectrical connactor 314 is in wlectrical communication with both the evoked potential
monttor system 330 and the cutling tip 312 (via the electrical pathway). In this manner,

I8 the cuting Hp 312 serves e an electrca] probes in conjooction with the evobed potential

moriity system 330 when ensggized via the Wedrical connector 314,
Druring use, the evoked polential monitor system 330 prompts delivery (praferably
continuons delivery) of a stimulating soergy {e.g, currem) through the slectrical comector
314 to the cutting tip 312 via the electrical pathway established by the onfting instrumsst
24 310, The previcusly descrilred surgiodd cutting instraments 20 (FIG. 13, 120 (FIQ, 3), 230
{FIG. 4), 280 (FIGL SA) are soveral esamples of insiraments capable of enswring that the
stirdating energy is continuously delivered 1o the cuting tip 312, Propery placed patient
elentrodes {not shown) provide the evoked potential monitor svsfem 338 with information
indicative of a proxtmity of the cutting G 312 (o G nerve 340 in responss 1o the applied

23 stimulating corrent, For example, based on o comparison of the applied stmelating

current with the signated infonmation from the patient decirodey, the evoked potential

monitor sysium 330 can detest, andfor provide the user with information indicative of, the

energiand culting tp 312 belng at or within o distance D of the perve(®) 340 of concern.
The motor assembly 320, otherwise electrically eolatad from the defivered

X stimudation ewergy, is stowltancously powered 1o rofate the culting tp 312, Thus,

sioltaneous or substantially ponovrrant bone or tssue cutting and nerve probing

fanedtivos can b pacformad by the system 300, Fartlser, svoked potentisl monitoring can
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be performad via the cutiing instrament 310 with the motor assembly 320 dexotivated {ie.,
“off or not otherwise driving the cutiing ostrament 310},
In arelated smbodiment surgical culting svstam 350 shown in FIG. 7, & sumical
onfting insttwment 352 having @ cotting By 353 12 again powerad by a modor assambly
5 {illustrated schematioally 1o FIGL 7 as part of the culting instrovent 3523 The sergical
cutiing instrument 332 can assume any of the fornw previously deseribed. The cutting
insirument'motor assembly 3352 is clectronically coupled 1o a surgical dnill console 334,
such a8 an XPS® console {Medironic~-Xomad, Inc., of Jacksonville, FL), having infernal
circuitry for controlling power delivered 1o the motor assumbly 332, The svsfam 350
10 further includes o patient monitor system 356 such o an evoked potential monitor sysiem
as praviously described or a surgles] vavigation platfoam such a8 av imags gutdance
svatem avaiable gnder the frade name LandmarX® Element 1GS Systeom fron Madivonio-
Somed, Inc., of Jacksonville, Fl.. Regordiess of an exact configurstion, a commuasication
ok 358 {wired oy wireless connsetion) is established between the surgicd deill console
15 354 amd the patient menitoring svytem 356, with the patient monitor systeny 336 being
adapted {o.g., provessor operating pusuant 1o appropriste wogramming) fo pronpt the
surgrest deill console 354 0 disable the motor asserably 332 vig o signal dedivered fhwough
the conunurdestion Hok 388,
More particularty, the patient monitoring system 356 is adapted fn monitor a
23 patient 360 duritsy g surgival proceduss involving the surgical cutting s tnament 352,
Pabent monttoring can inclade evokad polentiad monitoring as previously deseribed {a.g.,
savire 362 can provide & stinndating corrent from the patient mondtor sysiem 356 o the
cutting instrament 352), or cart be any oiher appropriate type of monttoring {e.g., image
ouidanca). For example, ity one smbodiment, the patient monitor system 356 inchudes
23 EMG olectrodes 364, 366 ("CH 17 and “CH 27), slong with a stimulation retun path
slectrade 368 CSTIM RETURNY and 2 reference slectrode 370 ("REFERENCE™. The
EMG levtrniles 364, 366 ave placed in muscles fonervated by the nerves of convern. The
rotu path electrode 368 provides a return path for the stindation current deliverad by
the cuthing Hp 353 for embodiments in which the delivered sinwdation cureent is an
30 isolated sutput that is not Bardh referenvest (and therefore requires s own isolrted refumm),
The refwrence electrede 370 provides a common reference babwesn the patient 360

axd the patient monitor Systens 356 {required to cunter the BMG siznal within the inp
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range of the recording amplifiers). The return path and reforence oletirodes 368, 370 can
be placed at a variety of locaiions on the paticnt 360, such as the stermur, shouldar,
forshead, ste. Regardisss, upou detecting or otherwise ditermining that the optting tip 333
is proximate critical matomy (e.g., nerve) of the patient 360, the patient monitor gvstem
5 356 is adapted o deliver a dissbling signel fo the surgiod drill console 334, prompting

powering off of the cutting instrumentimotor asserably 332, Thus, the system 350
effectively provides an antomatic “kill-switch™ to further ensure pstient safety.
In Bl of the abovs, the advantages of non-sequential, igh-speed cutting and probing or
other monitoring can be realived in sccordance with embodiments of the present invention,

G The surgical cutiing instrument and related sargical cutling syslem can be
amploved o parform virtually any surgical provedurs requiring cutiing of tissue and nerve
monitoring, and especially with those procadures in which a small diameter, bur-type
catting fip is rolated at elevated speads (o.g., greater than 20,000 RPM) {o eifecteate
desired tissue removal in an ofherwise confined surgical access site. For example, the

{& nstrurnst and system of smbodiments of the presens fnvention van be employed to
perforin procedures such &8 mastoldectomy, discectomy, e, to nune bt & few. Aspects
of the presend invention ace pot imited 1 any pariicntar procedure, cutling ip siyle, or
cutting speed. Regardless of the exact provedure, the instrument snd system of
swbodiments of the present fnvention operate to provide hoth Hssue outting and evobad

2 potential (e, nerve) moniforing without the need for a separate electrical proba
inybrurnend.

T alternative embodiments, the sergical cutting sysiem inclodes one or more other

biosignal-basesd patient montioring devices {e.g., |
addition to the surgical cuiting instrument and the motor assembly. With thess

A embodiments, the cutiing svslem may or may nod include an evoked polential moniior
svstem, and the surgioal euiting fnstrument may or may vot include an electrical conpector
otherwise slectrically connecting the catting 1p 1o an snergy source. Regardiess, non-

conductive coupling body and housing componsals of the surgical cutting lnstrunsent can

take any of the forms deseribed 1o ddectrically isolate the motor asserubly from the cutfing
R tip. Daring use, the surgical cutting instrument is mounted fo the motor assembly, and the

metor assembly is operated 1o drive {e.g., rotate) the cutting fip ot a surgicsl sits.

Concurrsnd with operstiors of the motor assembly, Tha patisnt monttoring devies
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oparates 10 monitor & condifion of the patient. To this end, electrical or triboslecinic nolse
generated by the motor assembly i aot conducied 1o the catting tp (and thas not
conducted o the surgical site} dus o the non-condudtive poupling body and hopsing, and
thus doas not interfore with operation of the patient monitoring device(®).

Although specific embodivients have been iHustrated and dosoribed hevetn, 3t will
be appreciated by thoss of ordinary skifl in the art that a variety of slivmate andior
equivalent implomentations may be substituted for the specific embodiments shown and
deseribed without departing from the scope of the present invention. This applization is
irterdad to cover any adaptations or variations of the specific smbodiments discussed
heretn. Therefore, it is intended tha this tovention be limiled only by the Jatms and the

squivalents thersof,
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WHAT IS CLAIMED I8!
1. A surgical cutiing instroment for uss with a rootor assembly having » motorand a

drive mechanism, the instrument comprising

W

s olopgate drive member defindng a provimal section and a distal section

# cutting tp seeured 1o the distal section of the drive member;

x non-conductive coupling body adapted for connection 1o @ motor assembly drive
machanism, the eoupling body seeured o the proxinal section of the drive member,

a housing maloiaining the coupling body and the proximal section of the drive member,
16 and

an sleetnodd connsetor in eleririval commuanication with the culiing tp via an lectriesd
patineay sstablished by af least the drive member, the oJectrical connscdor adapied for

clactrical conmotion (0 an eneryy soasoy,

15 2 The cutting instrument of claim {, wherein the non-conductive coupling body ix

formed of polymeric material,

3. The cutting instroment of claim 1, wherein the housing mainiains 2 ponion of the
elzotneal connsctor.

3
4, The cofting mstrument of clairg 1, wherein the bousing is formed of non-

caonductive material,

8 The cutting instrunwnl of clabm 1, whersin the cuting instrument is confinured
33 such that energy fowing Srough the elecirioal connector is continuousty deliverad o the

cutting #p duaring rotation of the drive member gt a rotations! rate of af losst 20,000 RPM.

&, The cutting indroment of olalay 1, wherein the housing nesintains a beasing
sssemibly disposed bebwesn the honsing snd the slongate drive wember, and forthey

30 whergin the slegtrieal connestor i coupled {0 the hearing sssembly such that the elecirieal
pathway from the slectrical connector to the tip includes the elongats drive manber mud

the boaring asssanbly,
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7. The cutiing instroment of clatm 6, whevein the bearing assembly includes an wer

racy, an outer race, ball bearings, and a conduetive grease.

R

Ly

8 The catting instrument of clair | further comprising:

s outer tube maimiained by the housing, the cuter twbe defining 2 proximst region
tarminating at a proxiveal end, a distal region terminating at & distal end. and ¢ lumen
extemiing from the proximal end to the distal end;

whersin the slongate drive mensber is disposed within the umen of the onter tube and the
18 stectnical pathway includes an interface betvvaen s inner swrface of the ouler tobe snd the

alomgats drive mamber.

2, The cafting instrament of claimy 8, wherein the inferface is at least partially defined
by a journal bearing between the outer fube and the drive member, the electrical patlneay

i3 including the jpamal beading.

Hi. The cutling instrument of claim &, wherein an outer surface of the cuter tube distal

the housing s af least partialty coversd by a non~conduciive material,

24 1L The cutiing instroment of olabm 8, whereln the suter tubse defines a curved segment

distal the hovsing,

12, The cutiing instrumeat of claim 8, wherein the culting #ip is 2 bug,

25 13, The cutting instroment of claim 1, wherein the drive mewber is straight,

14 Asurgical culting svstom comprising:
aswrgtenl cutting nstrament, the cutting instroment including:
s elongate deive nember,
R » cuiting ip attached to a distal section of the drive member,
# nop-conductive coupling body attached 1 2 proxinsl sentinn of the drive member,

a housiog mainiaining the coupling body and the proximal section of the drive member,
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s

an electrical connector in electrical commanication with the cutling tip via an elecirieal
pathwiy established by at least the drive membery;
a mofor assensbly chuding 3 motor and a drive mechanizm seleetively mowntad to the

nop-conductive coupling body such thas the drive mechanism is glecirically wulnied from

5 the electrical pathway, the motor adapted o rotate the drive mevber; amd
an evoked potential monitor svstam having an evergy sowree selectively coupled to the
electrical connector for spplying a stimulating energy to the cutting Hip vin the electrienl
copmrector and the electrical pathway.

1 IS0 The surgical cutBiog system of claim 14, wherein the system is adapted such that as
the mutor rotates the cutting Hp ot speeds of at least 20,000 REM, the stimulating ensrey is
continnowsly delivered from the energy sowrve 1o the cutting tip.

16, Thesurgical cutting system of claim 14, wherein fhe evoked poteniial montior

15 systeny is adapted 1o indivets when the cutting tp is proximate a nerve duriong a surgical
sutting procedure.

2. Thesurgicnl cutiing svstem of claim 14, whergin the cutting Yip is a bar,

24 18 The swrgical cutting svstem of olaim 13, whersin the cutting strusvent housing
electrically non-conductive and is provided apart from 3 housing of the molor assemibly
such that upon mounting of the cutting instrument to the motor assembly, the cutting
msirurnent housing electrically isolates the electrical pathway from portions of the motor
honsing otherwise n eomtact with the cutting lustrument housing,

2%

B Amethed of performing  surgival cuiting provedure comptising:
providing o sunical cutting nstrumens including:
an olongate drive member,
sontting ip attached to a distal section of the drive roember,
30 x non-ponductive coupling body aftached to a proxinwl section of the drive member,

2 housing maintaining the coupling body and the prosimal section of the drive mamber,
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an electrical connector i electrical commanication with the cutling tp via ao electrieal
pathway established by at least the drive nember,
sleoiricaily comecting an evobed polential monttoring svstem i fhe cutiing instrimend via
the electiival cormector such that an enegy sowrce of the evoked potential monitor ayvsiem
is in eleciricad conwnunication with the cutting tip;
mowting the surgical culling instroment (0 3 motor asserbly;
delivering the cutting tip to a surwesd site;
operating the motor gsssmbly fo perfonn & cutting operation with the cutiing
appdyving a dimplation erergy 1o the cutting Hp via the snergy soures; and
detecting a proximuly of the cutting tip 1o a nerve based upon refersnoce to the stinusdation

20, The method of clavm 19, wherein parforming a culting operation with the colting

tp includes rotating the cutting Hp at aspeed of af least 30,000 REM.

21 The method of clxim 19, wherein performing a cutling operation and applving a

stimulaion snergy occowr sabstantially simultaneousty,

33 the method of claim 19, wherein the method i charmcterized by the motw
assembly continuing o operate while o proximity of the cotiing tip 10 3 nvrve By detectad,

23, themethod of claam 19, fwriber comprising:
sutomatically disabling power delivery to the motor assembly hased upon the detected

proximity.

4. Asurgionl eutiing Instroment for use with & motor assembly including 2 moter
housing and a motor driving a duive mechanism, the cuiting instroment comprising:

an slongate drive mamber defindog a proximal section and 2 distal section;

8 Cutting D secured o the distel section of the drive member;

s no-conductive coupling body aitached to the prosimal section of the drive member snd

adapied for selective sttachment 0 the motor assembly diive mechandism sed
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anon-conductive howsing provided apart from the motor assembly howsing, the non-
conductive hawsing suconpassing the coupling body and the proximal section of the drive
meniber;
whavels the coupling body and the housing ars configured to slectrically ixolmte the vulting
tip from the motor assersbly upon movnting of the cutiing Instrument o the motor

sssomddy.
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