10

15

20

25

30

WO 2008/ 054752 PCT/ US2007/ 022937 -1 0110005 WO
SURG CAL CUTTI NG DEVI CES AND METHODS Cross Reference

WO 308054152d Appl i cations The present applicati BRT/USH07E22937

priority to U.S. Provisional Application No. 5

60/ 855,325 filed October 30,2006, the entire contents
of which is incorporated herein by reference f?)’llo'%iokwo
pur poses. Technical Field The present invention"

rel ates t SURGKCALCUTTINGDEMICESSANDIETHODS

particularly for cutting tools and nethods used in
surgi cal procedutEess Referenss & BelatadApnlications

I
proced : L re. CUL T d L]y of ..
ol oo ape Dreich SBpafith SRR Brislah B85 Froiopin Ay fation No.
S60/855,32% aleduBctotser 4 0f 20063 tHelwhtiftOconCMBRSTRIELIS isThEprated
netal or other materials to the bone of a patient. For
eheigip by, refarense feralbRurpesesbe used to receive screws,
sutures, or bone anchor§1d%gzagﬁ%gby allowi ng for"’
i mpl ants or other devic cured to the bone,
or t o TRé presét inv@hnti6e AdldtacfonmiXible tuttihg oA Mbre
tendons to a bone. A nunber of different surgical
dparticelady denouting taele and miethods gsddon sutgical procpdes. nany
of which include a nnto&kgfdog grill bit that can
provide a hole of the de th and dianeter. An
exanpl Su@ica$ pitedureLoftenerelSiraie eniting @r dfllidgDf hBRE @At
No. 5,695,513 20 to Johnson et al. and Internationa
Pefnneladnte fong teaflpr sof sivsues Hich @h Aarbbe wsed fan securing
dj f ' e i orated b eferen
nepatRHis e of by Ber WEGIoRO T Eforlorgalefi” F6r
r eXaieaRes e hoks mdyebeusbd Gxiebéive Setbivs,RAtUrddS b BoTRMnchdal

is formed through the use of a helically wound cable
nthgeebyallawing far insplents g5 othict flewdtesde be agrurdddp the bone, or to

I ; ) . . le i
c BRSIG el oo b el Ao a0 Bt B mlimbiy 47
didifRednit @ﬁkglcﬁﬁ@ril‘liﬁ? devit&s drk aVdiRBlel forthiEhirpadel shalPBNWhich
fibers of the cable. Drilling with thi's device 1s

piciuge raémTtmmrndea érélrh_bitlrﬁhras g8 pLO_Viﬂ@i anhqé@h of thg d@ﬁtﬁdagp;h: ang
e, aniae PRl e el B eitbe LRI caS51s

ofo Yohhson!éf BE afi@ MntBnaNérde Publitdatibs NSNW©97/8297M%0 Johnson et
capabilities for many situations; however, there is a

cohtthadisdogueneforhicly prednenrporetedibygaferinsahergin for aHgurposes.
ts?ﬁ% gqhﬁg%g OB .t}gﬂﬁenfcg{ d&Efib&S ﬁe%igl’egclu?t?nlg inﬁlr'u%:eenq Hat s t%lnnqed
through the use of a helically wound cable made of a metal such as nitinol or

another superelastic alloy. In this device, the cable is bent to a predetermined
bend radius and rotated in a direction that tends to tighten the helically wound
fibers of the cable. Drilling with this device is performed while continuously
maintaining the cutting means at least partially within the hole being drilled and
advancing the cable through its holder. Devices of this type can provide
sufficient drilling capabilities for many situations; however, there is a continued
need for additional surgical drilling tools and methods for certain surgical

procedures and situations.
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WD 2008/ 054752 PCT/ US2007/ 022937 -2 Summary The

Wﬁresent i nvention provides surgical drilling devic

es
aW8M54732f I exi bl e cable drill and a retract aBf&US2007/022937

arcuate guide tube. A retractable arcuate guide tube
for a flexible cable drill atBows the use of a | ar ge
bend radius for the cablegdrill 5 and allows the cable

drill to be depl oyed insié%m%z%ylirrited space of the

i nner  Th@yieboht Aivedtion Proval¥s dutigical driMMiak detidéd i a flexible
surglcal procedure. A large bend radius for the cable

deable dmldppda rejragigklerdrounte gade fubet Anmstragtabln @ravatsl guide tube

dgj | | i . bl i d be Wi t.h .
¢ il BB e B ROREETRe 6 EMATO MRl f3 Frerpisarin
t lved ARARARE calfle HAR teBOHG 16Vl ihsid @akinfitkdi spadest tRe RRBE

during a surgical procedure. 10 Surgical drilling in
aeBoyPd 88 entiamasduilpry nailalising aisnrgaen] pasedure] Azlergedend radius

PRI Bk lnmat@beiot U ordf BRICHUF HG ke

dfétiattable ghideaebswitllalTeriblPOAVI¢ &S a@fantdpBowsMPh@psid feliuce
are advantageously exposed to the arcuate gui de tube

t heshanrss of thesable deididweakiing ianide @)bonp Huaring @ sirgitiahprotedufe.
the pr nt . Lavention he cable drill.is preferabl

15 agy e B Sordelfe AR e et i Gpfouizinas

| B&5ible¥bledrilI0ABlel tRatliS 8dvih 644 :8al It HRN U PR AO afclifte
life of the cable drill for a particular bend radi us

~ (geiderbdeduring therdriilingpprocesss. Péwral partienssdf the ablrediiill e,

each point,on the cable drill.c experjence a dwell

C Rl fiReqish Ghebiih @ ol ahick BibathRueh 88 mlehin an
| exXetnpdrytefbodmdi ofithel JreseRl indent ihe EhBle dbiging pfe@é}hlﬂ?
(as nmeasured in ternms of tine at a given rpm. 20 I'n
apdvasersat agatetvhergin dwetable drilkspendmiessareseolntjonsain the arcuate

R R hERE S mBERie 7 forair G R gifin ok Pgrared
amSifitey of ANGIVtiohd)EAT Mdsired LB pSihi bk the LaBle @Il AR le’Pérfence
gui de tube assenbly conprises an arcuate gui de tube

st dael gime ipdkd arcesie guidp tubefthatds leas thanthe lifh af thel cable drill
t housi ng., The arcuate quide tube s operativel
DR AR EYE perd PRl R R B gty b Pimine
in a sprandpehidn iRl prédent MOeMAS h BergVALASIRg dBice is
actuati n&brod control | ably advancés and rétracts the

apoyided. dbe swgicabdrillimpdevicesomprises athiousivlg,id retractable guide

c rises,a fir rtion i 8i ngl Siti din the

CRBREh BB bt TP o oL o ORI RGeS

PesthpriseB 86l afclat® gultetBbSNAMNAY pSitidhd iRQYRF{tPeuald channel of

anot her aspect of the present invention, another

sthediogsing.di'h¢ fricngge guide debe i30pératiyaly vonhedted Then sematingaiod
e _CcQ a aretra

ot Pofl AP a i PUS Pun bRl et Bypg rod
hegifstollghbly @dPdrice € sn EetraéYs @fetRbuate guide tube. The flexible cable drill
comprises a first portion slidingly positioned in the arcuate gnide tube and a
second portion slidingly positioned in a third channel of the housing.
In another aspect of the present invention, another surgical drilling device
is provided. The surgical drilling device comprises a housing, a retractable guide

tube assembly, and a flexible cable drill. The housing comprises an internal

channel having a first arcuate portion and a second linear portion. The
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channel having a first arcuate portion and a second
i_near Portion. The WD 2008/ 054752 PCT/ US2007/022937
A&t abl e gui de tube assenbly conpri ses
arcuate guide tube slidingly _positioned in the
arcuate portion of the channef “of the housi ng. An end
Ofehfolc 3RS AUbiIRy 8RBk PREEAL ¥Bly WBERNGRERD tO
an end of° an actua |n5 tube “sliding positioned-in
t pasitioned an theairduateporfion bikthe bhaiimel ofthe hbgsifo ush Bad oflthe
5 flexible cable drill conprises a first portion
sireeate guide Hibeiis pperativalnconpectsd éian end gfianpstuating tubsd a
. e el di 2% . LAt
¢ el BOShORD 7 W YorPOF RELERSEl of BE LRE B e
dfléxiBleyble @Rl If @ pRiséd i€ pbrtiofl slidling ¥ odRiohERIN the arcuate
praovi ded. The drive system conprises a housing, first
aditide 8be 3Rd a serand portiongslidaduprsitianer i theagpiating tuband a

| oad Cﬁllzl 'oth-gpgs ei{ t gBlteg nt yedHoT raidsr s? tgr iere hr fctal
operatlvenly co pFe Po a l'ead 'screw. &S 1ol
agidllink davics Rrguvidéd® TRUdHRGystemt db@ncrh@%é R8using) @irsiar@nd

not or conprises a body portion and a drive shaft
wieepRd motdis agbisppsgde ditvhcouplingandiadeaad eelt hEhel firalometor ew

S ' e al on | L near
SCrbf1e5 A0 Slrlsel) MBI STLAS0 Pl Bocran
diehd screw @pd mogntes i gk didssihs Y TRNGRERUmMMdritopeisdzatbodyd
portion of the second notor. The disposable drive

cBUTEPR ARfl # deveishadt wheteinthe badyarartiornisegtaehisdo élmjpadésprew
' | e, ; d_mtor. The |
ol e SRS, R abY Bl gL iy 0k

dicspos The eisﬁédab& drveRbuplthef i9 FeleRBSly REgagedivdth the by
acting on the drive shaft of the disposable drive '
cBRIBPR Afthe secopdimetant Heer dispnsalde dove conplipedradudes a drive

i i . il L ' i.ded,
T L A e D
siglogemativeldipobitibngl refiive €Ethe AMEPOSFb@rive J&ﬁﬁﬁ%wgar@&%iﬁg

cable drill slidingly positioned in an arcuate
r etiglfercappdinguinghe driveshafiaf thediseosdbleldrive sayplingi ng a

tti ; I di.ngl dvanci.ng the arcua .-
ot r ac it o S X RSRE BB TReHRS Fr dgininepore
t Bproviadd. ETib htthod ebmprisifg the skPB ST providiag Asurghal &afhe
drill; and slidingly advancing the 25 cable drill

t $RViREgRoMpEINgrachs wigraad raa:@blatﬂ%él didingdy pesiféonegiin af arcuate

SAM : . . ; -
v ARk elie Hod i O RUAP o RuR £ fhg f STpaN ot
Fadyahéifg the e 6iRitdretriakeabls ighidettulbe [pbﬁ_tibﬂflg EHeshtting dhd dfithe
nuneral s throughout the several views, and wherein:

3Rk gl elativiedo Ropsrefpting hpeabie diilloanditicnalyrpiivanging the
St 81‘?1'! th%ﬁéhl thggrcqgt\élrgt?actable guide tube.

Brief Description of the Drawings

The present invention will be further explained with reference to the
appended Figures, wherein like structure is referred to by like numerals
throughout the several views, and wherein:

Figure 1 is a perspective view of an exemplary surgical drilling device
having an arcuate retractable guide tube in accordance with the present

invention;

gﬁT/US2007/022937
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havi ng an arcuate retractabl e guide tube in accordance
wWth the present invention; WO 2008/ 054752

WRIBUEH0Y7/ 022937 -4 Figure 2 is a side viewel/UpH7/022937

surgical drilling device of Figure 1; Figure 3 is a
Cross- sectlonal per spective vitew of the surgi ca

drilli P9y s?deowe\%'oqlﬂ{e su} 1031:'(91{111#1?%61% i 0‘} ggurF t he

Cross- S%C ona perspective % ousi n

sur gi cBigured3 fira drbisr@ctiehal perspdctive gieneoflthe hirgichPdriilihg a
cross-sectional perspective view of the surgical

d¢5P‘11¢eiQfg':1g‘Hé\lbce of Figure 1, showing in particular an
ar cuat g g A c%’s% thléaha'i Eér‘é Cchsgwegvo aflllo%ngaghog uers%rglcal

IS a Cross- sec ona view O

edliinl deyicd Of Bigu@ Kgal dr| [1ing deV| ce having an
arcuate retractable guide tube in accordance wth the
pr esenbigurp/2ista Gass- sepmnaépeirsm@tlw vy efdbe pwraieh! drilling of

y n X evi ce_ havi
BT ghr T AR T b 3 bt s RS el
| posgtign;on;  Figure 8 is a partial cross-secti onal

perspective view of the surgical 15 drilling device of

Fi gur eFiBuresthis\ai argpsrsectienal perspestive Miesr ef papthey exameplanybe
B ELFEAETPOS AR RuSElbE e R e

CWQﬁ$héSI§i@§dn0ﬁﬂrlentﬁtﬁf spective view of the surgical
drilling device of Figure 7, showng in particular an

ar cuat Bigyra His cresseestipngl viewtaf yet wtlpms@mmplﬁry sogical drilling

STt B84 % ) Wue P TAEbR Y e e
of a fFigxidd B agrblig cﬁdsslskctidaaﬁ;e@ﬁed@m‘aewdf*ﬁhé fifgical

present invention;, Figure 11 is per spective view of
drl Ring ﬁ‘ﬁYlﬁ@ of Rignree?, ghowingdn p@r@culﬁr ammerebate gnisle tulietin anhe

h
PS8 oRSR ARl MGl ATREOEE RERSARSL
parti CElig&fe RisG Fiped 2BJse-sekitionel ﬁwmbmmwew A¢EONEEbAe
W th the present 1nventiaon; ure 13 is a

pdiildipg deyige of Figweok, showingam p@m@\ahar an grchate gufdetibpinas

11]etr%5‘tgdg95§uox§how ng in particular first and second
tors | ead screw positioned

Figures 10a-10d are side views of exemplary cutting edges that can be
used for the distal or drilling end of a flexible cable drill in accordance with the
present invention;

Figure 11 is a perspective view of an exemplary cable drill drive in
accordance with the present invention;

' Figure 12 is another perspective view of the cable drill drive of Figure ‘1 1
showing in particular a disposable drive coupling in accordance with the present
invention;

Figure 13 is a perspective view of the cable drill drive of Figures 11 and
12, showing in particular first and second motors and a lead screw positioned
within a housing of the drill drive;

Figure 14 is a side view of the cable drill drive of Figures 11 and 12

showing the disposable drive coupling removed from the drill drive;
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30 wthin a housing of the drill drive; Figure 14 is a
side view of the cable drill drive of Figures 11 and

WQ 2008088 ng t he di sposabl e drive coupling renBYEYSFHAF2937

the drill drive; WD 2008/ 054752 PCT/ US2007/022937 -5
Figures 15 is a cross-sectional side view of the cable
drill filve 1§WQX\'Frds§1sec'ﬁbHMFs?n% vidw %?ﬁ}ejc%ble%rﬁfj&rﬁre]sﬁo{vﬁ in
a cross-sectional perspective view of an exenplary
dFigpresdblaadd2j ve coupling used for coupling a flexible
drill with a drive nmotor of 5 the drill drive in

accor dBiguEs 14 88 cross-spetionahpersnegiva visw: of pp gueeplay i s a

p VS . Y f t R | €Y,

RASTRSGE S EhHg PO tulne Mot i Eafiic motor of
f the dailldirise o8 akdoedamice wethaldiplesdh® inveh@or;e 18 is a side
view of the drill drive of Figures 11 and 12 show ng

t he naligueer Als adsthppeiyewiev of freendl eftbe diill drige pfBigures 11

c j o t 0,nosition. Figures
TG0 B PR R o SRR R e Rl SRV, o
t he drFighre ¥ is ¥idefviéw 9B ttRdrilldrarthf FgiBOW Al 121¢hoWah
drive coupled with the disposable drive coupling an

i the ainfrive eapladovith thestispopahle driveicqupling gt ivan dxtendedw

O]Eosﬂfbgnt her exenplary surgical drilling 15 device in

accordance with the present invention; and Figure 22

i s a sEigerstlbQ0virevidotndperepeetiné &iews/mRsdctivEly Cofahe @t
tube and actuating tube structure havin

? qlijrlé‘saeqﬂ Fagyreyi band heshopungihennain deive courledwish .thegin?mable

AL LB i 85k BRIl el <t hr oughout Che

sever aFighieglIrie a scieamhaticniiéw af hnothe ekb@ipla@psukgidal dilling
preferred configuration of a surgical drilling device
3MeViSHp aFeardryicy Wit the presentdnveatiphieandui de assenbly in

accor dg j ; Lnyention is ill.ustrated,.
a0cor SRR 50 LA b AVEPHR0 S 3Bk S
ltubaani®idtedinghlise ghicle havigg 2 fleribld lefiohthGels@wddd. ng 3,
a push rod 4, a cable drill 5, and a cable carrier 6.
Housi ng 25 1, as showRetdiled feseriptiony cylindrical and
conpr i Vi ties . 9 nd 10 which . .can,he see
o e RN B Eidtisy nraYh AmpGron R 1giaSRh
shiepaangel etiralighout theksevealsE gﬁﬂes),rhndfiniﬁal(lj@fotﬂsigurfeé) n-3, a
exanple, and is used for slidingly gquiding the

refesed spnidgyationeofiamiesioal drifleng drvice Mheomprisingon tegaeable
SLaptll Qﬂbé’ asgyflng]? ih B€ordance with the present invention is illustrated. The

device 30, as shown, generally i‘ncludes a housing 1, a retractable guide tube 2, a

flexible coupling 3, a push rod 4, a cable drill 5, and a cable carrier 6. Housing

1, as shown, is generally cylindrical and comprises cavities 7, 8, 9, and 10 which
can be seen in the cutaway view of Figure 4. éavity 7 can be shaped generally
like a section of a torus, for example, and is used for slidingly guiding the
retractable guide tube 2. The torus shape functions to slidingly guide the
retractable guide tube 2 (which can also be similarly shaped like a section of a
torus) without having to provide a pin joint to act as a pivot pdint. That is, such a
pivot point would typically need to be located outside the housing 1 in order to

have a large radius guide tube 2 fit inside the confines of housing 1. A pin joint
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retractabl e guide tube 2 (which can also be simlarly

shg@ed | ike a section of a 30 torus) w thout havin
wgpe

to

{%¥5% pin joint to act as a pivot point. li‘ﬁg/tUS?@,7/022937
such a pivot point would typically need to be | ocated
outside the housing I in ordef "to “have a | ar ge radi us

S RS o 08408 e PORLL RS8N Ao e
heavitly rod adl intramudd By ma b Veith heauseraly eduagmpedtavityoy! d

not fit inside the cavity of an intranedullary nail
vhawevehdt i§@detniagepusly possibie ipkayedbs pivot point the, it

R SR RIS B B A P e

ppyrpogeal poi nt outside housing 1 for such a 5 purpose.
Housi n% 1 further includes an elongated cavity 8 that
8

i s si zHausipg 1 further ingilydes gny iewnggteéﬁ@vhigfuﬁ)ﬁ@r 'lSisliilgd demilidingly
c&ding ipo {Ghocifl Blp GALS. YetandlhSiviys SR IRy

cadjhencrrdaviy 86is usdiifod skidi¥glly\oulding table tafier 6,Qhd a cavity 10
slidi n&l y %ui ding push rod 4. 10 In order to insert
t heizgdyorcdidgly gudingpaskeeod 4.y of an intramedul | ary

ol g PR o Sftef healild SEinkdk ey S BRkAFRhEE

by reference nune ex e C

t pushubd 4riepulieatinlteadigidtio indidagedby refererte waineeal 100 a%using
shown in Figure 5. Once the device 30 is properly
pBeiiblesauplingys todquullrstracielde guigaItuber3/intmbousingoly 9k shayen in

I 8:.Rushed. | . ite direction.causing flexihle
cFieBte T oSttt B8 BERD R Bodtbl A5l loRG LR, ety
hiaik; ipagh rbdatsis plished ih theFdppusite drection Eflistng RIFBIE cOUPLing'S to
end 11 of retractable guide tube 2 becones aligned.
wpush retgagtable guide tubgduasit ehausinghbpethpval in diguse 3 c dibthds

drikt 5 f i 8 int. t. e
obstiory g nF1 BENFAGERe LR EEE bk oo Be LT BB AL
Shdwsirgess itlgsnetsy dlowisy cabié diGil 5nb by alvaxedfremtaviy 8 ao20

retractable guide tube 2 to rotate and/or slide within

cietrpetable gujde tabre2, @s shpwminFigereohbdi nent, the flexible

i o of EXBRALRAZ 3T W8R8 B BlERudY e BPRAM . onc
sraaedblepaide thbaR&srolale aliek slidle withsieslityVe! 1h ondéxethplary

can conprise thinned sections of hinged coupling 12,
agmpedipent; thecllpxitde ceup)ingcpmprigess hisgedieouptieg 62, as shown in

i s, 4 t,i ' hj 25 such as_pin
RIS rhAE o E 30008 R0 B BBl 1
r &@i DY) sespadtively, whsehtban ABAIPHSE tiexRARk&TNs SFRREEdBSIpIRE 12,
a surgical drilling device 33

as illustrated, or any other desired device or mechanism that functions as a hinge
such as pin jointed hinges, for example. Any number of hinge regions can be
used. .

Another exemplary embodiment of a surgical drilling device 33
comprising a retractable cable guide assembly in accordance with the present
invention is illustrated in Figures 7, 8, and 9. In this embodiment, a retractable
guide tube 15 has an enlarged end portion 16. An actuating tube 17 also has an
enlarged end portion 18. The enlarged end portions 16 and 18 provide a large

abutting surface contact between guide tube 15 and actuating tube 17 which
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conprising a retractabl e cable guide assenbly in
accordance with the present invention is illustrated

WO R008(0§¢/52s 7, 8, and 9. In this enbodi ment, aPCT/US2007/022937

retractabl e 30 gui de tube 15 gas an enl arged end
portion 16. An actuating tube’I7 also has an enlarged
CRIROLIk R e if A RARAIARANELRO £ABS b8 130 Bhuating
provide a large abuttingSurface contac et ween

gtubdd 71 suok ad hamduiae tukset 1iSnig int th eettattadposioO The enlarged

2008/ 0547 CT/ US20Q7/ 022937, -7. allows. contact even
N pRITien 16 alsp 26k Py MUINET i Rsa oI ATILST H10BET S ang

act . i b S :
AR AP KPS AR R b7
ahsed tapush gadatubenfied an extgndedeposidiohcandrat tHe sameitimd 166 gcts
' i sal i ghment between gui de tube 15 and actuati ng

t BBC £able SBlsadh S Wavevhen in theexipndgd pesitiors shayu iad igure 8,
P8 1 32 o0 FRABRIERAPAELL 17 an o Bhigh Il

t he exiethdestepdsi positionshown in RigardNtBe Enlargedbh®péttioh |18

32 _goes. through actuating tube 17 and into cgui de tube
18f aqﬂ%ﬁtmgéuf&x%éﬁ @BYtipg &1 Prshingsagaingt smargedyerdpartion hé of
epl: n (A . . i 17,4

SBRE AR 15 DAREAERA or i8S 1R RS e e
16utgfitikeddvideealdify, thBdirbarpnriedicated b ReferengiingterhbieinlBgure
the caple drill 32 js first pulled out of the device
ab-g theneactativg tybenl 7 is g led wdhe samedisgctinn e Thisrerses cgil

¢ e EEM8 b Pul B oMW AR LBRGAOBE PP, £61sRRE D) L
ppulissghideoybe M rcansing itac retaict ashbwhen Figurd®i The Pexibitl 8f
in turn pulls guide tube 15, causing it to retract as
sFRIWPTING 112 ageeramodatenmisalighment|thatynayfocerr beswrensisspastjve
1 . . . :
e b LR e 7 B E B! PR e

175 e acvgatingttatrel illodhirg; diffe@ni Ggeétohes dukgabd@laction.
actuating tube 17 followmng different trajectories

dur i ngPrBng s¥tenden ofgHdewbe b cariyabing @fbegkﬂ igpushgden s,

a i ; £ S ' i [.ecti opposi t.
SRS Sl PR B g2 R e
t tosade fubeds pAthatity '@bfbt%ﬁ ehlbgedforiisr M@End secbidadil@ihrough
enl.arged portion 16 and secondarily through coil

sERil $R3ingd 9. A actuating tyhg 7upbeing ppsheddn the qitesHerioppesite to

A ect Co . : | i

(iFEFh 2T, SRREL bEUSE | AR LR pra RO RE 0

ewith reg e ed Qrokti ami 8LEf aetuadiag tibiel I7Q 1h dhaltdrhativeconfi guration, ‘
e

al ternative configuration, coil_spring 19 can B

r il srg W% qan by r@ﬁaqeém@ 7 suitebls) flexehle plementer postien tat can
t : i . S A | | .

% et SR LR S0 SRSl gy e
oéxdntple ofuhid wlodld ba asleeey mat@decloth orloflidh nedteridier '

materl %Lg tip of guide tube 15 preferably includes a sharp edge 20 that can help
to cut into cancellous bone. This configuration is particularly advantageous
when guide tube 15 protrudes outside an intramedullary nail during extension.
This allows guide tube 15 to be fully extended and also stabilizes guide tube 15

in the cancellous bone.
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The tip of guide tube 15 preferably includes a sharp
e 20 that can help to cut into cancellous _bone.

ed
WQH?@/Oéﬁﬁ?i guration is particularly advantageof§T/URpl022937

gui de tube 15 protrudes outside an intranedullary nail .
during extension. 30 This alrgms-guide tube 15 to be

the caliirnore R SBShBE GLET b Pk S, ks s 15
- §hd aenainiag hehe EXEERbE ey ted ByadighelRtwaindeR@npios SErig 19a that
i nvention, guide tube 15 and actuating tube 17 are

ceirfake erRicayprgssivegleads i fo ifrfigeeRotcnsIpsess s gut iygtill Slexibieato
' ' ., Lt . haot
o BB LA HRAG o P g g one

t gcmmgnﬁwm & shbendh FigireD!. At'thé S4hOfilSex@énsibil Peing 19a
tube 15 and 5 actuating tube 17 as shown in Figure 21.

Asan;take upsfang fepsion &oadde b eblesp pilhguitle subecldrwhenkmstragsing.

nen 1 SR AR iofS Bl Bte e miatRny g

ofubt he, gxt@sRMtsptiny 94,1280 actibiifteubel PP cdbbe EothBiRgd Mifo one
spring 19a, and actuating tube 17 can be conbined into

otiagle ganglithierbed 3% 45 showsdy Famre22.sBedn39.res sheum,sorprises
. . | 0 t '
2 deppie pfifioh M0 Mo BGTBELR 53, andia B PR IR AT By

3 ommriseC i RkahSle, 4 Ribe 6ABRE & fleRibldaRBteTRI Sudfasdtainless steel
flexible material, such as stainless steel or a

sOipfefupeEedastie matarial.i @ne ewhefl thadubsfcan fhe benttas shapedise thatithe

d he, ;. | ' | d
PO SPrR) PG b ol et Hats EH398%ne
177. InithiskinfbolfhaA] fidxile rédiGki DL bLRbA by RasfRinBe)if¥8H ehe
by nachlnln% slits in the 15 corresponding | ocation

oforessperkinlocatim ofxtension spring | Yoin| the colesti vhetape of

15,. 19 7. T Lt b i.ded,
FLEERA T o AF) %00k e RbVsRo SPLeRRARGRY
dinaetining ®r BREMicAl diSchafdevhachiing (EBM)aYn tlﬁN%}{,ZFﬁ@ lst@fdn of

of the structure would be relatively flexible,

t the sepsturetieuld bairelatively Hexiblei tharebsrdwmmsioninggn @xstreitarinsanner
spri : i S abpove. 20 In addition, the
c%g%ﬁﬁﬁ&gﬁﬁgggq?%éggggﬁgﬁ)ngerably i ncl udes one or

nore  mudddititg, SR\ ingMHHIof theshblepreRRbDY Ricludes 61 ér hsre
action by reducing the cutting force on the cable,

t eHEtRGGASEs configwged tedmpadiedhe eutting agtiandhyfiethesing fiegutting

D N L MO AR
aitiuststa egem patytoh iguiatissembt dafl \bséPTor MHCHD 88a Edbe drill in
cable drill 5 (Figure 1) and 25 cable drill 32 (Figure

gaccordgncew ghphecpresent paentiansugh as thepable dridlad (Rigurs ) andes

2$abﬁr%<?@?§% Qf"{éﬁfﬁyg{#?’t&. | g.lorndgasrtigullalljrr, iﬂg,’ureS Wahill%sstra}tgsraee
trochar tip 34 that includes plural, such as three or more, cutting surfaces or
edges that are inclined relative to each other; Figure 10b illustrates a squared tip
36, Figure 10c illustrates a wedge-shaped tip 38; Figure 10d illustrates a spade-
shaped tip 40. In one embodiment of a trochar tip, a three-sided tip is provided
with the ground surfaces being oriented between 13 and 15 degrees from the
cable axis, although angles that are larger or smaller than these are contemplated

by the present invention.
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edges that are inclined relative to each other; Figure
10b illustrates a squared tip 36; Figure 10c

WO(3d5t7at es a wedge- shaped tip 38; Figure 10dPCT/US2007/022937

illustrates a spade- shaped tép 40. I n one enbodi nent
of a trochar tip, a three-sided tip is provided 30

15 ooy oI GRS SEmheL Manl BTc R AR A A

adigfeteat gechanicas pripkesties (dueh as hesen ar smimahberpilitied by

o &2@95%"&%3 Olug 3009@112 3 / 191%%'5%%% @§ablg drill can tend
Qﬂﬁanbttﬁ tHBLDId Gbsse® rﬂoﬁh&gg '?%u Pthle b r}lﬁen@ téfggereﬁa%er

Ical properties (suc man “or ani na
wimiatehial. SThecIemﬂmsye df thie cabit dritlandefi¢w issinflaareed by tiwarmlount

co bone) , bl e dri can tend to deflect as
ﬂfrea ajﬁ?%st%rrca&%ng ra%cqaéhm%ﬁ&.lfy drl} gngoppterssipem dhe material the

he
TR0 P DR o B ST, S
acdraln feed rat brcaateftativangingahe edblé tell apnp éts deright), the

encqounters fromthe material the cable drill 1s )
dFYiiing Hygce arhthe cably dgitl dserearss @s fiemtating sprednd the cable drill
0 )

@Vgﬂeﬁ%:élsngn ode et Por ee&% @Jllﬁn{)tgﬁgef]?ﬁ%f geﬂr?gct%%effrfl‘%%oﬁgs the
Cbdunidaxy frem ¢lee smﬁtet hﬁtembioeheigaﬂdlbr teeriglodrable drmemust be
r ot at ng spe f the cable dri 10 increases.
o'foaeé? ficy sp@ﬁihkggﬁr@ugjm that {he cytting farpethe calledrid e@awréers

dfn th%] h&rrd Qt%rlﬁlh low Q#JL%? £4r the gfﬁ*térﬁﬁat?x%lttg El{}{@hqﬁé Pelngth

er na eria he cab

r mﬁ cmbkadirelt trailisgbeldndtigreuainguad. Jhistwil protide autlatividy
cabhle drill encounters. in the harder

st 4r Tine qTesetiah olf ghe PN aces fecubichuthe pofiar easerial wil
SHRRR b1t tgguﬁﬁﬁ’p@@ ca Fdﬁﬂkéln&ggéﬂ it |str% g?ﬂ l'ing behind the

cutting en rovi vely 15

st r ai gihidrthd parmgetdisr foe titiling chil Viﬂ?&wdelltytdeﬁ@acﬁxﬁg &rethieS
too . high, the softer material will not be able to
sHRyiRsused fog cased @blel drilbgimengieps and materialgmeperijes, ped the

t ﬁfﬁ)ﬁﬁro%g%&%élabpérag{du% %)1’?&11? gd’r&gc%’bﬁ\%géjl%ls ?11%’ g(r)]r%cﬂg

dbowmsbarsvians pmit:&lﬁt advigy, Heabiating spe’tﬂds pre€erably kefficient
one exenpl ary procedure of drilling through cancell ous

ateg thegruttingaioregcondfg catde BeHdo he fq%ata/ebal.ow, 88 ApPigximately

f
L1895 RSB PSSO O 2
eofithe c&bja dnﬂlffmt eHysueG path (hiné4t, for Rkample) & the estsit thSS

than 0.5 8 in order to mnin ze deviation
ofropyse ﬂl?aﬁﬂ“@ Wubﬂwqerlé'?ﬁ cangeliqus bangadthe cortisal bone o Under

exa @()nd fonk rk%cﬁ?? ﬂrc'uhin f&%ﬁﬁ@&bﬁé?nl?ﬂ}%?%%{ ¥e able to

bet ween t e cance bone fan
Utirdllé thr@dghcthe banealongal désllmd?patlﬁ UEMenfsar@ phtagietarsltiat ogh be

f Ssre?iefort cI?r?lllrcig Pnl aeccgrrdlallée wit thrtlaoptreste)a%t i%glel%iotnoinclude a rotating speed
between approximately 120,000 rpm and 140,000 rpm for distal femoral bovine
bone at a feed rate of 1.3 mm/s. For distal tibial human bone, the speed can be
between 70,000 rpm and 100,000 rpm at a feed rate of 1.3 mm/s. The desired
speed and feed rates may vary for different types of bone or with bone from

different animal species and different anatomical locations. The dimension of
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drill through the bone along a desired path. Exenplary

Wgarameters that can be wused for drilling in

2tB'a4nte with the present invention includePQl/US2007/022937

rotating speed between approxi mately 120, 000 r pm and
140, 000 rpm for di stal f enoral bovine bone at a feed

: ' | ti-Qj :
L8555 e b b PR g
aotheegtoperties mby als3 havd &n effdre ofl € dpichal SREIRE spévd ahgFekd
rates may vary for different types of bone or with

bBffe from different animal species and different

t om.cal ti s ' ' f. 2008/ 0 52
A S i L R i S TR S A
carilfl isglifedted ¢perpéndibigarsb an isteandddul IBE b fe eﬂﬁﬁ]hie),aﬁ‘&e is
ot her properties may al so have an effect on the

oprefasehly 80 2ap hefwspe B ragierigldbgicablexdrall is drilbingland the m;wh@
i1, ' ' t whi
CRBEn L ahy' Bp bbbt HEShL Bt L LSRRl b

| ddilleanie @raférably miairhized 0F.g.eksbhe hbouit D&ﬁﬁi?{i Breferably there is
preferably no gap between the material the cable drill

g . ; i |
i Bringpia] play Getsyean theecahlecdrilt and theinner digmeter afithecgag portion of

b ' i al .bej.
e R R B PR Rt By oG PR yereTR STl
2 nm) . Figurkan alal 2 ilatatd & ex@inpldiptatib amil eivas of tHee
cable drill and the inner dianeter of the end portion

oPresent inysniden: Jaatde giill deive dhear b viedds 2 sawice obrataigowiet

: il i1S) .~ Fi 1 d 12 .
RO o SviGe el SbY ccanfs P v 00 s o
PaBSeEd (ahd Y@rict)@rvableaflIEalohg 4 Hesitel \dgilIfk et PRurSed aAd
a source of rotary power for the drilli'ng devices

dEs ghovhihg camporeentOabide thiy drill deive 4danthigeneradlyfineludd heusing
t LaNg. d.retract bl i | | .
o2 RS PN reREoRode, Bef 3565 S and & HRORKG rivee

cesptingses inside the drill drive 44 and generally
include a housing 45, a main drive 46, a feed notor
48, | eBigucheponpeeifigally dinspiesdbe eomponeats ipsidp thermain
52.:...Fi ifically illustrates {he
c%rﬁ"beg‘in%n S %%E:Hgiéfgt4§§8§rirtg}nﬁ%e}%}¥s eeﬂ%.msﬁlﬁeés ﬁﬁ'f THOtr P ghat

Agrivgnicdhag 56 ihitghdispeesle drive bbgsingBC. N4iRdrivé 45 ARbL
20 drives the shaft 56 in the disposable drive
cenRinhylosd cellad thagis wsed 4@ sghsing evartoad senditipesadlheel |

58 IS [ r| oad dit)ions. The
s Bble dvEESINE SR PRlpTeL B EL LRS00 ek tpaliiny
cll bf th8 agial fdieds expéisdnasd bythelshafebb aff trdRfitted Blthd RAG e8I
eggerlenced by the shaft 56 are transmtted to the

I

dTeedipposgige drive conpdipgSatsontainsiakeatiog p0 iand) stsdt 56 that
C@Jhtp?ésrﬁ%uge g’f f%rthg %O(éoor (ge[]e iglrl]r%fl%).Sflihé Qa%t]e (not shown) is attached
(e.g., via an adhesive or other means) inside the cavity of the tube 64 so that a
length of céble extends beyond the tube 64. This tube 64 telescopes with a larger
tube in the retractable curved guide tube assembly. To couple the disposable
drive coupling 52 to the main drive 46, resilient fingers 66 of the disposable
drive couple are-pressed toward the longitudinal axis of the disposable drive

coupling 52, and the disposable drive coupling 52 is then inserted into the main



10

15

20

25

30

25 couples a tube 64 to the notor (see Figure 16). The
cable (not shown) is attached (e.g., via an adhesiv

e
WO BRE2 neans) inside the cavity of the tubePEHUSY07/022937

that a length of cable extends beyond the tube 64.
This tube 64 tel escopes mﬁthld‘larger tube in the

r el I ' t To. e the
500 e USRI RS TER T B P
réhgimdie diivé 4higers 66 of the di sposable 30 drive couple
are pressed toward the | ongitudi nal axis of the

di sposhbt Eedmaier 4&diNss ilerg ssew Hhavhighetransiarsdhomain drive

ST BRRY R B8 o BB Rl K gl Juko TR
f tongolled by @ costrelag@dnbtshbwakbisbe ofl usgraniilas wélliay énputs

coupl i nlg 52 in the main drive 46. The feed notor 48
dfrpmdhe Joad geld 8 ey Botrolpnitmay baaglistinetunitreparaierfram ithee

TRCITARYPLoDEY K8 sl BRTE SHIAREF 4 " TR

st 4 aimdilp thclries limgxwitches (ot $Showh) tHup WhrSbe fide@id t he
| oad, cell 58. A control unit may be a distinct unit

segxidgtasignabthat indicates jglstrokig ¢ndpotnt f/@ canfrad unitmht b start of

Ee R T -

st doubliad ST aidefd&d asSBewhGn FRugy | EleTie mabindiveldsatvith
indi cates a stroke endpoint to a control unit. At the

sdispesable drige gouplingrdg) isrtherpretreetad peshommeinfagure dPi Viguas20

i f d t he.di bl e... dri i ng, 5
ol AR DAL B8R Sl Y5, e
Wedble drill G siadil®) islther ensee®lntd thePidd tibd ABEMbELingas sl

as shown in g&gure 19. Figure 20 shows anot her o
elndppednlary paih(i6 pot pre-insertedle {18 cppaelundrtherf prefresabipiimitiates

dpivie 46. b rill (not. shao .S then inserted
TSP sshhon® Mo M A0 SRR s Blhet ARERd .
| At tharend uf tmrdrimﬁg'b#roeécfura Qhe Mo g&%rmﬁ?)st;opﬁh&mwahwhs
unit then preferably initiates e drilling sequence

wersrollpd by ghercoatrol wiit. dhe materamrill alsotpoeferablyostoreif at any time

o RS Pl Pl 1 0E 8 2R ot Byt RORGT I e
t breale thatcable deill. todptﬂaﬁal 5B 8+ ainWibh ékvedrd en R0 A sViR b canlald
if at any tine ur i ngﬁt he procedure the | oad cell 58

des mgerporatedontar the gable drilidrive 44 tahdfor eentrad upiy thberdedifore

cable. drill. Lopal forward and backward manua
svwatcgwgsd.“lb%l c%élg%r@gc%pg@g rated into the cable
drill Ohé¥gerdlagdHiRig SRERcR!of By prededt REemSRtthhQdan be
attaching the dlsggsa | e drive coupling 52. One

efodlgpred by uging|al drikdriveqpfdhecpressnt ityentioreisalgscribad eglativerto

e, s bRV E PO i 18 o
be rotated at a preset rpm (e.g., approximately 90,000 rpm). The main drive 46
can then be advanced at a constant rate of 1.3 mm/s, for example. At this rate,
the main drive 46 is advanced until a limit switch (not shown) is activated
signaling the end of the stroke of a predetermined length (e.g., 2 inches). If at
any time during the procedure, the load cell 58 detects a load above a

predetermined level (e.g., 0.5 Ib), both the main drive motor 54 and the feed
motor 48 are stopped automatically and an LED preferably blinks signaling an
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25 Figure 19. In the retracted position of the main
drive 46, the main drive 46 can be rotated at aB/%reset

46 can then be advanced at a _constant rate of 1.3

mm's, for exanple. At this r'a]tze', the main drive 46 is
a : [ i i ' ti e
o i lebn the (B} Bl o) rep B, CobI A o il
| essghblidseand.try t8 driticdgaim) . THid subtsedQerayndyi beeinstelddgs 4 he
procedure, the load cell 58 detects a | oad above a

pPIE R OPAY BRSPS @ prevenicablecbraakagy if theeable ménimaill advances

dr i d 4 d

a0k s B fvarct Afshoh B AR AILRE B Bt SeBE R s,
acontiol 120 eRtOSHZAR thfolieh/229RiF60ARSFégramnded 616 10dw tHeke
this happens, the user typically needs to repl ace the

cHBPSe and guide tube assenblies and try to drill

agai n. ' - . i nstal |

pr ecaufs‘lﬂgér)llggrh;t H?rggsg gﬁﬁ g&fgmg?éé\‘}g‘ﬁ?v%‘g&%smggeﬁﬁ‘ég‘é‘/ for t he
cplokedumtsthamihVylvaduBingasto bohe 4R Sanidéondepta akeequllilypugh
the bone. Al of these described steps can beq5 _
chinded fakr anpdisatietn ethen yssuesrand Plody sceatenes| suginpg cartilage,
PLOYT deto f thess... St . Al t hough .
R ETERS il BKE. 030811 d” GRRuioRidr Bl Al oo yrious
pstacages with ehed othéredldxer iklEdrhbina@or With bbe@ruchlies s8me
concepts are equal | i ntended to be applicable to

otnfraded FQSMO@@QSSB% by the daseriptiaas pravidad heseivar ti | age,

10 ski I the |jke, |.n.addi.tion,

conbi nati g]]ré ge%éfnvgﬁééno)ﬁaas{]rhdo&gee\ggg F%U? d vng}xrra tetrincggo ﬁ?vteﬁal
eafibodiinBAts tRReBO The RnGRMISIIGHur O ahlytpatednOBEpatért UpplidaBitn
are intended to be enconpassed by the descriptions

pidentifireohenein ds herebyhiacerperasast by refesendeo T ha feregoing idetailed

C REHRP el s B G S8 i STIRBERERE S e o

aplecessiryaimitatfont denb bk uaderb@be tHerd forN€1t&AY be apparent to
i ncorporated by reference. The foregoi ng det ai Iped

ddess skiledoin thiert thahmene shangee cancamads/iarth¢ embedimentsy

k68t AL AL Vo BB GTRTH EDB BEoR &

t the peesshd ihl@dioh Bhdle naf be liMatd foRMY sEHANEGS BestABedBerdMdBut
in the enbodi ments  described without departing from

t oy by dhrestorcturesedeaseriast hydhe 1anguage afitbe elempreanditheo t he
p ﬁEﬁF ' | uld not be limted to the

s{ uc]%¥%§M@§%%$$%§% erein, but only by the
structures described by the | anguage of the clainms and
the equivalents of those structures. WD 2008/ 054752
PCT/ US2007/ 022937

§‘\Z}J@7/022937
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-13- What is clainmed is: 1. A surgical drilling device

conprising: a housing; a retractabl e guide tube
wgadls

b

#5t¥2 conpri sing an arcuate guide 5 tube BFTYSHYIAR2937
positioned in a first arcuate_channel of the housing,
the arcuate gui de tube operaﬂﬁVely connected to an
a i .slidingly positioned in a second channe
o?h%ﬂécﬁgw2?ﬂb wherein the actuating rod controllably
atlvancAsuegichl deitlingatesicetomprisingt € gui de tube; and 10 a
flexible cable drill having a first portion slidingly

posi tioned #ROUSS arcuate gui de tube and a second

0 Ui di e . : _
Phe. housi ng: FSRcSEGABE RSBy hoiirsheriadnl e flce.
1, wherein the cubseldingly positiorehin 4 fist acaatatkan@el 6fthe

tube and the actuating rod conprise a flexible 15

connection. 3. ThRusig Hlecassuath gYide e @peratiecly conyiegteehto
2, wherein the f ' ' C. i ses Le.
4. The surgi cal %fﬁtﬁétﬁéqg@@?@éélg& Oglli:lgﬁéf)n lf,a S\Rﬁ%}dg&%nnel

the flexible conpfdt heusing WABEINSHS aGa&inY rodRbRr S ABYES -
20 5. The surgical drilling device of claim1, wherein

a | eading edge ofdvanees and efeacts thepuuate ghidedebgandes a
sharpened rg ?h)glgle Sble A1 lﬁaézfr% aﬁ@{sg s«gr'tllglrrsé(}%{lg@\éiogﬁlo%d in

claim1, fur rconpri si

connected to thetheabduatedtuidd tubd and#Secotd Pokidh sHgviEe
of claim®6, further conpri si.pggc an advanci ng device 25
for control | abl yPesiticnsd iithg thirdechaamgl of gha hausing. a

dgilli ' ti T (oF ice of claim?7
i t o e A rling Beyick G, Cer R o e

dril | ithg atMieQeideotibé brsd the ac@ati®dOmpeRPE ifekible an
i nternal channel having a first arcuate portion and a
second®QMAEN. portion; 30 a retractabl e guide tube

oy . ‘ . . . i di nal
p5er 1 Dle.SREREL Gl BLALSBIE S¥rifein b Fesdish fhgon
t he hogtahpiises agaled of the arcuate gui de tube

4. The surgical drilling device of claim 2, wherein the flexible connection
comprises one or more hinges.
5. The surgical drilling device of claim 1, wherein a leading edge of the
arcuate guide tube comprises a sharpened region.
6. The surgical drilling device of claim 1, further comprising a motor
operatively connected to the cable drill.
7. The surgical device of claim 6, further comprising an advancing device
for controllably advancing the cable drill in a drilling direction.
8. The surgical device of claim 7, further comprising a control system.
9. A surgical drilling device comprising:
a housing comprising an internal channel having a first arcuate
portion and a second linear portion;
a retractable guide tube assembly comprising an arcuate guide
tube slidingly positioned in the arcuate portion of the

channel of the housing, an end of the arcuate guide tube
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WO 2008/ 054752 PCT/ US2007/ 022937 -14 operatively
connected to an end of an actuating tube slidi n/gl:s¥007/022937

WAL HR2d in the linear portion of the chann®fT

t he housing; and a flexible cable drill having a
cutting end and having a firstts portion slidingly

posi tioned in thgpe%tﬁ}éﬁif (goﬁ,gg&gﬁot éhd n%ctuﬁﬁr?éj@g)?

portion slidingly posi I'n the actuati ng

10. The surgi cal slillindly pogtickeadiis €heolineat poriofd of Heehahrl of
the cutting end of the cable drill conprises a trocar.
11. The surgi cal thahopsingigndevi ce of claim9, wherein

the cutti NG, ﬁﬁ)gbf%fca[iaedrilllho Vi r}a%bcj} ﬁléﬁlrg%%d gn%rfgirviﬂsg:alsf;%%b’

chisel. 12. surgi ca vice o

wher ei n the conngsrtioeslidiegveREitiohéinahe trdtiste guiddeubedif a
and the actuating tube conprises a flexible

connection. 13. SEsendpergpe slidigglylpositignerbini the aghatyigdibs.
1 wh i n.the fil-exi k) n iqn._ .15 conpri ses one
ol oy it A E GAMIRTS, fbrid iR SRR

and a caplediil Coripriey @ trotdr. The surgical drilling
device of claim 12, wherein the arcuate guide tube

ahld t hEhegwrgisel ditlingideviecnfislaimed, avhesaio thetquittingsendifithe e

and th CaF j en the arcuate guide tube
and th%béec@ﬂg?%%ﬁ%gggﬁ%ﬁconpri ses a flexible region

| 10.egr @he wirgidaltdrlimpasliéd 61 Laifit 9, weHerdie the cbanedtiofl Hekfeen
system for a surgical drilling device, the drive

syst enthe @etei @i}%g(.‘lb%talﬁbﬁh@ iapigating Wbe yempuisesra flaxihlei s

t ransl @otnﬂgét? naI ong a linear path relative to the 25
housi ng; a di $posabl e drive coupling having a drive

stmaft TR argiell dtilli@%)d@li@of\/&ldiﬁx Ihevhdrdily theseaitle 8énnebion
drive notor; and a load cell operatively positioned

rel at i YUNRIéSes pRe ofi IHPEIHIG Spritg.ia sovenclgsive regrubber séesne, ang a
axi al ce ting on the drive shaft 30 of the

di sposélg%tlec S%}e?{g/'e coupling. 16. The drive system of

clai m The surbiesieirnlind@eviéd ol 1Y, wherchdMREARAtAduide tube
and the actuating tube comprise a monolithic structure and the
connections between the arcuate guide tube and the actuating tube
comprises a flexible region integral with the monolithic structure.
15. A drive system for a surgical drilling device, the drive system
comprising:
a housing;
a drive motor that is translatable along a linear path relative to the
housing; |
a disposable drive coupling having a drive shaft releasably
coupled with the drive shaft of the drive motor; and
a load cell operatively positioned relative to the disposable drive
coupling for sensing axial forces acting on the drive shaft
of the disposable drive coupling.
16.  The drive system of claim 15, wherein the drive motor is advanced at a

controlled rate in order to advance the drill in a surgical drilling device.
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controlled rate in order to advance the drill in a

S%ﬁ‘%l cal__drilling device. WO 2008/ 054752
(85687/ 022937 - 15 17. The drive syst enP6T/USPA7/A32937

15 in conmbination with a drilling device. 18. A
method for drilling bone, thelsrret hod conpr|3| ng the

S{eps. ﬁlé driﬂarﬁrwem 1dnme 4 91' & bn‘?a?iloh |v+ H':g? Yllng Qevice.

conprising a Housing and a ca

pb&i ti Anmthodwfcmdnamguaine the hiesteddadonepristgghié steps (blfbe
the cable dril]| conprisin gcuttlng end; p03|t|on|ng
the cutti ngpr@miuzﬁa pyrgicaldrilingiAeyice Gomplisinga hepsygpad a

rotating the cablgdgij El’ldlﬁ%l 'oE‘iQB el 4 élﬁge 1Ieg ctable

cable drill through the arc ere ractab

tube; and 10 sli ginldghgbeamzaaiﬂeﬂglltcbﬁxpamgatoattmg end
retractabl e gui de tube. he hod of claim 18
conpr i SI ng WW%}@WR@"&&W @fg),e,cpbleélpllarela@@ﬁng

rate. %gatm%ttﬁggab? dghai m 18, further conprising

t he step of I'"'ng through bone material conprising

cancel | ous {aliglpadvanoinigithatabidodél] thtbughlthe Avwateatidtable
of claim 18, further corrprl sing the step of

mai ntaining a neWAeHEbegdl bet ween the bottom of a

channel be| e a e gui de
t ube. Tﬂ% lgé#' %h%%cﬁlgq*’%?rr%%}g ré%{actaH}egm@ tﬁg ising
po&i ti m mgthatl off eRgh 18, Eudipristiy advhndifg tHewdblerdilMit ahi n
an intranmedul |l ary rod and t he cutting end of the 20

cabl e eAStaNt§ag8. ative to an orifice in the |
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21.  The method of claim 18, further comprising the step of maintaining a
minimal gap between the bottom of a channel being drilled and an end of
the arcuate guide tube.

22.  The method of claim 18, further comprising positioning at least a portion
of the housing within an intramedullary rod and the cutting end of the
cable drill relative to an oriﬁée in the intramedullary rod.

23.  The method of c]a'im 18, wherein the drilling device comprises the

drilling device recited in claim 1.



