- 1 - SURG CAL CUTTI NG DEVI CES AND METHODS Cross Reference to Rel ated
Applications The present application clains priority to
U.S. Provi WOME/OSA5Bl i cati on No. 560/ 855, 325 fil ed Oct olfSHUS2007/02835,
the entire contents of which is incorporated-herein by reference for
al |l purposes. Technical Field - IThe present invention rel ates
to flexible cutting tools and nore particularly for cutting tools and
nmet hods used in surgical procedures. 10Background Surgical
procedures often req@URGHIAL GUTTING OEVICES AND METHEDBS or channel s

into bone, teeth, or soft téss such as n, be used for securing
conponents made of net al or%?@%mr RSP RGIEEGPRIRRINne of a patient.
For exanpl e, thesghepiedht RicRPontIAss pflofias Ve P@&ﬁﬁwﬁm APPIiLHBR NoOT

bone anchors, 15thereby all ow ng for |rrpjlants or other devices to be
secured t o t RV8pAES filge Qetpber 342000, s entizcsontestsraf mhiabfis [ricompoeateds or

tendons to a f different surgical drilling devices
are avail abl g%@%ﬁﬁeg&%%ggéjy%ﬁ%%y of which include a notor and a
drill bit that can provide a hol e Tethidite Fitd¢i red depth and di aneter.
An exanpl e of suctPha device is described in U S Patent No. 5,695,513

20t o Johnson et a .eBr_ﬁiF“F‘r’i‘t"‘éﬁ‘tWQtrFlBWéFo_ WIFE‘&W%W"N&MW/ 32577 to
Johnson et  abanichiady ﬁir%ﬁt‘tiﬂé%ﬁoﬁsangfm &R iR sﬁl@fﬁgffgpée%lplee. by

reference herein for all pUrposes. The Johnson-et ef erences
descrie a flexible cutting instrurBackemhed is formed through the use

of a helically wo : . | such N tinel or another
superel astic all O§&§1c§$h§eg H%g\?ﬁgfgfea?ﬁ%ﬁgg@gﬁ Prs‘%%gﬂ% 011[ }bo(?%f or
pr edet er m nechadbéleimo barsti testhaodsoftaisadepshichas santhenged fopBedukiag tends to
tighten the helicall upd fibers of the cable. Drilling with this
device is peF?W%HtSWQP‘@Bﬁ[ ?ﬁﬂﬁ%ﬁﬂ?ﬂrﬂgﬁ tﬁ_t%éﬁ l’rﬂ"ﬁ@fﬁﬁ@eégt}f‘!fng means
at | east par ktaadly, tdsé RbiBs hBEbOReR tPRIcETe SHrivd, ?&uég,%r%gf{@ﬁféhﬂr% the
cable through its holder. Devices of this type can provide sufficient
drillildg captisrebyellesingdor implaptssirothet doviess thbawevered ta the bend, o1 B
continued 30 f I 1] .suraical drilling tqols and.nethods
for certain urggileggjl’m%%gf&&élb 3?)2'181 gganqn%’gss?rﬁﬂé‘gp%{?sa Beme. Ahumber of
different surgical drilling devices are available for this purpose, many of which
include a motor and a drill bit that can provide a hole of the desired depth and
diameter. An example of such a device is described in U.S. Patent No. 5,695,513
20 to Johnson et al. and Intemational Publication No. W097/32577 to Johnson et
al., the disclosures of which are incorporated by reference herein for all purposes.
The Johnsonret al. references describe a flexible cutting instrument that is formed
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
25 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

30 need for additional surgical drilling tools and methods for certain surgical

procedures and situations.



- 2 - Sunmarv The present invention provides surgical drilling
devices having a flexible cable drill and a retractable arcuate guide
tube. A reWPa?v%QBé!BF"ézarcuate gui de tube for a flexible CHOVES2YT0REI37
allows the use of a large bend radius fqor the cable drill 5and all ows
the cable drill to be depl oyed inside tHe 1imted space of the inner
cavity of an intramedul |l ary nail durguwm;ur gi cal procedure. A |large
bend radius for the cable drill hel ps ximze the lifetine of the
cable drill. Havi e presemt inxentinlpeovgddsdergicabédrilihg Bevicek lhexing b dlegidldl e

drill advant ageoys el ps ta reduce the chances qof the cable drill
b eaki ng. | ne Ca T dndS ehRetile AUHHE Gpioh Fate, Boattrble 0% ghee be
drilling in g&aoAsaeeab drhl 51&@%@5@@5%%:159@,/%&8%&&5&} i%%%l@d{)i}iexi bl e

cable drill cable that is advanced axially rough a retractabl e

ar cuat & gui dand alisavsdhe ¢ably driltobeideployrgl ipsidetbs dimitet spask opthetiirens of

the cable drill 0 he argcuate i_de tube
t hr oughout th%d‘%’%ﬁ%g’g*ﬂ@ﬁagaﬁgg@aﬁ’ﬁﬁgr yS%ggrﬁiﬁ@a?) rloﬁcr%a‘r?]]{e'o%lﬂatrg%b%‘ae@gﬂﬁ
invention, t ke tiadzble ditill Helpsits naxidies tblifetihfeosen@blk drill. dHavaiges wher ei n
the cable drill spend i

| ) | ut inth t i de tub
than the |1 fEUBFAPREUERINE YF 3 MR Cable,di peENERCENdelDs & Fdugeas
nmeasured i N {HeERRcePbf th@\ééﬂlélﬁr"ilp&ﬁlkiné fns%%ibﬁﬁéjdurﬁ%%@u@?&am??gg%ﬁa .:

cable drill can experience a dwell tTme in the arcuate gu
that i | ess thanSergigal drilbngin aceardangb wéthdbd presenbinventioawtilizaslaar bend

of the presenPep ket Rl SE ugh isb e Bl et R Ebrer @l Pedfuca - The

surgi cal dri phidembe duiimethe ditping peess. Pdural figtiond of gielcalsle @bllargui de
t ube assenbl and a flexible cable dri]l. The retractabl e guide tube
assenbl y con%‘ﬁ"‘g@geoéfﬁly&?‘%%ﬁ@@ fip%rRate guide &ibe dhrpughpubibe pracessedn am a

first arcuat &&ﬁ}ﬁ{}?%ﬂnb@cﬁimfeﬂteo LAt invy ioﬂrtﬁi:'?éﬁengllﬂglggnréfyﬁﬁgi S

operatively connected to an actuating rod 25s ositroned in a
second Schannadvapgediana raiowhenip tihieabds drilt $pendsdessaevohgions th thoaterate | abl y

advances and_r. .arelat R tube. The f] exible cable
drill conpri %‘ég‘g {él%ﬁhrigt&%gg? ﬁglﬁ Cg'i’lggf‘ﬂg?ﬂf P&&é‘i“fﬁ‘ﬁ?fb‘io‘a?ws (R8s uEdt e
gui de tube amhumbeectredolpidrs). Olff dediried] dagh yoifOsi thé OdvEsIdriiNcah dxbbridhce
channel of th in n anot her asgeqt of a%{p&frﬁresent invention

g, | )
anot her surgf g‘é(g?g%ﬁ"ﬁhﬁﬁmﬂé\?ig@@em% Yrivlgssd & fihgradladrdli |1 ing
devi ce conprisre aﬁilc?ﬁﬂﬁi_éﬁlggadiﬁs d’a?He%}é%ﬂh?erﬂl'éio@ﬁm@'d{)?%ig?r? ly, and a

flexible cable dri housi ng conprises an I nter nnel

havi ngfa first ar®@weatespesbefithopresantinventiompmergicalahillingdevicons The
provided. The surgical drilling device comprises a housing, a retractable guide
tube assembly, and a flexible cable drill. The retractable guide tube assembly
comprises an arcuate guide tube slidingly positioned in a first arcuate channe! of
the housing. The arcuate guide tube is operatively connected to an actuating rod
25 slidingly positioned in a second channel of the housing wherein the actuating rod
controllably advances and retracts the arcuaté 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
30 is provided. The surgical drilling device comprises a housing, a retractable guide
tube assembly, and a flexible cable drill. The housing comprises an internal

channei having a first arcuate portion and a second linear portion. The



WO 2008/ 054752 PCT/ US2007/ 022937 - 3 - retractabl e guide tube

assenbly conprises an arcuate guide tube slidingly positioned in the
arcuat e poMO8PB#75Ehe channel of the housing. An end JCHYFR0H{0RITAT e

gui de tube is operatively connected to an end of an actuating tube
slidingly positioned in the linear porffon of the channel of the

housi ng. Therérfahtﬁﬁflie%l.\ﬁlemla@seﬂfby donfrRiTRY ddglsa‘?ﬂ.gige %Jrl]& bé’é?irdﬁrjﬁ

slidingly positioned in the arcuate gul t a seco portion
slidingly popéditianeddh iha atchate pottiontof thg charinel ofithe bowsinge Anaapeftheof t he

resent inventign rive systemfor a,surgical. drilling device is

Pt ovi ded.  Thatelte sude Blbp (ot Y saBlesa TPyt Bren pupadigdoticc ond

notors, a di SIRBSAPpEsitened t GO UREHr Portion 3ethR chaRd] 6/8hd houlhg. frhest notor

10conprises a drive shaft operatively coutpé_ed to a l ead Sscrew. The
i1

first motor Heriblesable el somprises pmbiipedion slidingly positioned.in thearastsond
not or conpri ! . : rive. shaft rei n. the body
portion is a?@g% Sgg‘?%a ?‘%éﬁq gcgtdgrgglr e\ﬁﬁi}égosﬁ ho@e@éa(%%’%&uﬁa{)yg;@es

transl at abl e al oniy anothensspect phthb peserdiinveatiody diihe syseadfos @ Gergicallhe

di sposabl e dri.yve coupling is . ,re|leasably engaged with the bod
15portion - of dfe%&‘% 3%‘68%6 p?ﬂﬂ’f‘fﬁ‘: ?l??]g”%ﬁ 531%’8’%‘ mnaqsia\}@uggg,ﬁ';rft,@@gi ncl udes
a drive shaf fechRl MaRADhL ispOYaBleFivivesuiplihbandall¥R BalThe fifst bRrsecond
notor. The load cell is operatively positioned relative to the

di sposi&bl e deamiseou privahaf eperatévedy enypleditan ldadserew. be firsymotorand
drive shaft | | . ] | t anot her aspect
of the pr esefr%f]t:ad %Jrgg‘%n eﬁﬁ%&g&ﬁgg oﬂgﬁggg'oyd% 4‘3?5%519141%8%20%15%5 apf% i ded.
The net hod cporpon &idwdriveshsft ehsredfthebady pdirtig i@ asached ahe ad sdrévng

devi ce conprisjing a housing and cable drill slidingly positioned in
an arcuate r %’t#’%getc%(ﬁ]@oﬁﬁ i‘%féa“f"ﬁﬁ‘gl,e e adusprpaty 35 drvep hphiedsady a

cutting end; scpdw. ATROAi¥pAEHABGINBub e iSFIREHy Eftabark APt basy de tube;
positioning the cutting end of the cable dr.|¥l relative to bone;
rotatildg thepartion ef the pecond mater.sTheidipppsgbledyeaesiupling ineludSaalsive dri | |

through the LaYALRHEGbATEARR i€ shAF i Leb&la SRE TR AT AT ¢ e

Dr awi ngs ,
is operatively positioned relative to the disposable drive coupling for sensing

axial forces acting on the drive shaft of the disposable drive coupling.
In yet another aspect of the present invention a method for drilling bone
20 is provided. The method comprising the steps of providing a surgical drilling
device comprising a housing and a cable drill slidingly positioned in an arcuate
retractable guide tube, the cable drill comprising a cutting end; slidingly
advancing the arcuate retractable guide tube; positioning the cutting end of the
cable drill relative to bone; rotating the cable drill; and slidingly advancing the
25 cable drill through the arcuate retractable 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:
30 Figure 1 s a perspective view of an exemplary surgical drilling device
having an arcuate retractable guide tube in accordance with the present

invention;



The present invention will be further explained with reference to the
appended Figures, wherein like structure is referred to by like
numer al s t WOGAYHSE#52t he several views, and wherei n: 30RGSR007/0p293%
perspective view of an exenplary surgical drilling device having an
arcuate retractabl e guide tube in accorflance with the preselntcI .
invention; - 4 -p: i Qur. | i i . Of | ca rilling
devi ce of Figure }il:gufrjgﬁgg%§%fé§%ﬂg€%@ '—%leo‘gg\{fn%n%&nggfgf efée'tcﬁve vi ew of
the surgical drilFigng diewicoms-séctibha pespdctive view of the surgicdfidgllling 4 is a
Cross-sectional. @Jﬁﬁecﬁjj ve view of a housing of the surgical
5drilling de ?Vd%ep 1§ Hdre 1; Figure 5 is a cross-sectional .
perspective view ploufelbis 8 Ufd3b-S@tiofdl ipklsheive 01t a¥oudih U e ;urgég'low ng
in particular an arcuate guide tube in a retracted position; Figure 6
i s a cross- sdubingdevicpeiEgaet] ve vi ew of anot her exenpl ary 10surgi cal

dri1ing device MRYLAG @0 ALOVALS | SLERCIOPL A EHBS dlifing

accordance . with € present “inven

Ccross-sect i odalicewf@igné 1 yhowigdh paticelxediiiralayk giddgubain adeirididdg
devi ce havi ng an arcuate guide tube in accordance with the present
invention; F ?ﬂﬁ'%”B is a partial cross-sectional perspective view of

the surgical 15drgbhiengs g%i@s&?egggndg .Bg::éféf?ctize vﬁﬂ%‘ﬁaﬂ&g%rgx%]%hpm ar an

arcuate guide tube”in an exten lon and a ca ext ended
from tie ar csigiealglilling dewise having an arbuageretra@tablg gaidp ubkiimbccordance .

Cross-secti on\]:;\\t}1 view of the surgical drilling device of

erspective Vi
Figure 7, sh® ﬁ}gcqrﬁeﬂtdp¥?n§8P’ar an arcuate guide tube in a retracted

posi tion; 20Fi gi i Figere70acrb8diseatienas vide ofiyevmother @&ﬁfﬁlﬁrﬁwgﬁw&nmggb
edges that can_ be used for the distal or drl||lnﬁ] end of a flexible

cabl e drill f§Y1Sd@8ING 4R QB AR EHide fitbein accardancs yith e present invention;

- Figure 8 is a partial cross-sectional perspective view of the surgical

15 drilling device of Figure 7, showing in particular an arcuate guide tube in an
extended position and a cable drill extended from the arcuate guide tube;

Figure 9 is a partial cross-sectional perspective view of the surgical
drilling device of Figure 7, showing in particular an arcuate guide tube in a
retracted position;

20 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;

25 " Figure 12 is another perspective view of the cable drill drive of F igure ‘1 1
showing in particular a disposable drive couplfhg 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

30 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;



Figure 11 is a perspective view of an exenplary cable drill drive in
accordance with the present invention; 25Figure 12 is anot her

per spect i vVEQAEHSEB2t he cabl e drill drive of Figure 11 RGT&N2AY/0RH37
particular a disposable drive coupling in accordance with the present

i nventi on; Figure 13 is a pergpect ive view of the cable
drill drive of FigiahRs 1315 ABFsslctiPMiEew Bf ﬂércgblgﬂl'l il Elﬁ)twnfaiﬂ
second notors and a | ead screw positioned 30w thi ousin

drill drive; Figures IFjagdde 14 is a side view of the cabl e dri I | drive
of Figures 11 and t he..di sposabl.e driv ing renoved
fromthe drill drt l\ggresl%\Abaﬁx%é%;eﬁgan@gg@‘ep W@"flog @’S%‘pl "g

Figures 15 i ﬂlspos@bleﬁﬁlvé&ﬁtplrﬁ@ﬁied%r%ughr@ﬁ dxibI0 arifl ¥t dHvenotlidrve
shown in Figures 11 and 12 ure 16 is a cross-sectional
perspective hedllsiivgin %@@ﬁﬁl’%@r‘y‘ﬂdﬁhéptﬁé%ﬂl‘éfewﬂQWe coupl i ng used for
coupling a flexib Fqil s drive in
accordance with t4‘;gmtp§rle7sll‘éni%rgxgb Cﬁv%%w%f%grpd’o@& (grﬁlggri\ge #Fjl%\ pres T
perspective ekl sibwarg iepdrtiofilat deeceiwer for a:ldlsptealﬂé divegtouphng 1 i’:md 12
showi ng in particul ar rec i ver for bedrlv coupl i ng;
Figure 18 is a siﬁgmﬁ gvlf B ?H‘«Ewoqflt'?q g’ﬂE#’U’%“%%’ﬁﬂfﬁdr]éé‘ 11 sheviing 2
showi ng the trRinhiflafivecoupléd et thé &1Ep6s§lﬂe a'h@d%%ﬁm,cfarﬂﬁh\iﬁeﬁ&w%' ng and
in an extended_ 1l0Oposition; Figures 19-20 are side and

per spe® i ve BYS#iM; respectively, of the drill drive of Fi gures 1|1 and
12 show ng the upling
and in a ret rac@glﬂ)%gsh%(gog%%‘?deeaqd%ﬁge&logv@wqgsj,)%%ﬁhg \ﬁggﬁgmat ic
vi ew of anot thave cﬂ"f%mésaﬂwnsld@ghmﬂngdmmdm dgvé &alpledarth the dgpesabliance
with the prea{ent vent an gure 22 is @ schematic view of an

exenpl ary nmo 6‘fe1°t°HPé"ga"‘}néd%?éetﬁ'ﬁﬁeﬁB $¥e and actuating tube structure
having a flexi bl erig@ginons 4 fneaRed V8O RS aldMRick &pIMSSAFdiRl BGiting

15 device In accordance with the present invention; and
Figure 22 is a schematic view of an exemplary monolithic arcuate guide
tube and actuating tube structure having a flexible region therebetween.

Detailed Description

Referring now to the Figures, wherein the components are labeled with
20 like numerals throughout the several Figures, and initially to Figures 1-3, a
preferred configuration of a surgical drilling device 30 comprising a retractable
cable guide assembly in accordance with the present invention is 1]lustrated The
device 30, as shown, generally lnc]udes a housing 1, a retractable gulde tube 2, a
flexible coupling 3, a push rod 4, a cable drill 5, and a cable carrier 6. Housing
25 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. (iavity 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
30 torus) without having to provide a pin joint to act as a pivot pc;int. 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



Referring now to the Figures, wherein the conponents are | abeled with

20l'i ke nuneral s throughout the several Figures, and initially to
Fi gures 1-9O024084158152rred configurati on of a surgical drf¢TPRE0HEWBEe

30 conprising a retractabl e cabl e guide assenbly in accordance with
the present invention is illustrated. TRe devi ce 3Q as shown,

generally in : i ; L :
flexible cougFgﬁgﬁgélﬁagjgﬁsuag?%ga% B%{é%%flgpé rg?rﬁ#&g},%ugn ‘?g?gg@]eéhe
carrier 6. Hoadiyrd afiitramedulidnpnai]. With gengenedally taryd shapkd caaity 2nd
conprises cayities.7, ,_and 10 whi ch can be seen in. the cutaway
vi ew of Figu gwﬁ‘fer’(‘fa\?iag{{ﬁn%gﬁ%{ﬁg’ﬂ?sgﬁgis‘égévﬁéﬁﬁlﬁﬁRP_‘miORE‘dtﬁ tR&ction of
a torus, forhexagl RithaRbalife SR6vilio4 Rﬁ}sﬁddt ﬁtghryqu%uedio%an%!ﬂ%r such a
retractabl e guide tube 2. The torus shape functions to sridingly

gui de t5n_e r eP¥iReY¥%abl e gui de tube 2 (which can also be simlarly
R e L LA

joint to act as a prIv such™a~-pi vo
typi cal | y neguiding abé sippoeingdabloidsilide Yenendiosshvigy 9 whichds eielly 0 have a

| arge radius guide tube 2 .fit .i.nside the confines of housing 1. A pin
o ne V0 DoBMSRR PSIRBI s KM HaBElY EviNE Cablh s OniA FTY 19’

undesi r eabl eistg%gm“g;ﬁg%%ﬁ(ﬁ@%?;\jsﬁ ol d not fit inside the cavity of
an intranmedullary nail. Wth the generally torus shaped cavity 7,

howeveld, it is adiipiderdesset theglovise BY inte thelsavity aflae iprapmsduliary mail,

out si de the | g - 1 j . Vi a_ physi Qi nt

out si de houspl%gsrg@?(l)s:p]}é\fﬁéﬂﬂgggggc\rﬂf))gg%&l&lt—@rub irﬁ%?q'c? E‘I’Iﬁ?{gfﬂion fes an
el ongat ed cafletiyle8otipiing 3ite pail zetdictable paldedibrd Mtoahousing g, Antownppor ti ng
cable drill I':] Ygst nother cavity 9, which is axjally adjacent to
cavity 8, is RSP greedhs davingP) ipronshpPskioned mside prtgmediira cavity

10 is sized har, padhi i G pusHed HitRDopHesie difdsi HR cobRlide SR t
t he device 30 iI’F]’tO t he cgl]i/sit (;f %@i lnt r‘%ﬁ%ﬂ"uﬁ%bgﬂﬁ@?ﬁ”{d@‘sw{%d 4
i s pullbed i npushaetgictable guide thbaf? ewuttof Howpng kdssshewn én Rigmer3alln 109,
causing fl ex] C i | ] .. [ ahl ui de tube 2 info
housing 1, a’%&ljstﬁ)g\’/mgy%? @?Dﬁertléa%?mé é‘%%%egf%eé&n%%%%legg ‘%r"%‘g‘/ﬁ?
posi tioned i haisihg latheteby @lowiadchblatsil 5ao be aguantedriagh davity gathed in

t he opposite direction causing flexiple coupling 3 to 15push
retractabl e ﬁg?ﬂgb Ewge?%B@tasoSPOWBﬂé igYreB-as shown in Figure 3. In

this Flexible coupling 3 is designed to be sufficiently flexible to allow

20 retractable guide tube 2 to rotate and/or slide within cavity 7. In one exemplary
embodiment, the flexible coupling comprises a hinged coupling 12, as shown in
Figure 6. Hinged coupling 12 inclﬁdes first and second spaced apart hinges 13
and 14, respectively, which can comprise thinned sections of hinged coupling 12,
as illustrated, or any other desired device or mechanism that functions as a hinge

25 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

30 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



position, an end 11 of retractable guide tube 2 becones aligned with

cavity 8 of housing 1, thereby allowi ng cable drill 5 to be advanced
from cavi ty(}sz‘]?%t‘)%?etract abl e gui de tube 2, as shown iFfT}AYE22937

Fl exi bl e coupling 3 is designed to be sufficiently flexible to allow
20retractabl e guide tube 2 to rotate and/or slide within cavity 7. In

one exenpl ar villewbeshitateden if therefid matﬁfgﬁn&@wl»ieé}gg&m& $€mPachiafifgsd
coupling 12, as shown in Figure 6. H nged coupling 12 includes fTrst

and second sPthédd, ishrE Whemgtide tiBe Ahis in the reteastrdpofitien.y Thewrilgged an
comprise t N Baefoen s A85 a0l ofl RARK (S OUAL LA &l 37T gldd St at ed, or

any ot her de evi ce or nechants unctions as"a hinge
25such as pi mijabignmernt blatmagnguidémbedﬁambhﬁuatiﬁgﬁubm(tjlﬂb@rcmii}l@tdwe7is;. I
regi ons. can be used., . npt her exe ary. enbaodi nent of a surgica
dr il 1imy devieed S3ushenids %@%&@@&W&@éﬁwowﬁw e sHee HygalpRgsi n
accor dance Waf {helcile PAIBS R thisHNh&@initRe dyidridsd g@sﬁtﬁ@ sh%ﬁﬁ{gﬁ%ﬁr% g 8
and 9. In this enbodinent, a refractable 30gui de tube as -an

enl ar ged endc@de €iilbp2 gees thyouglcaaating tpbedBend itagisde tuhe 150 enl ar ged

rtion 18. T d porti.ons 16, and 18 ovi de.a |.arge
Slr)lgt Ito iontg surface ic}'gtggg%:t?ﬁ %@ﬁgﬁﬁ'ﬁn %&W&‘e‘“? @Sée?Egma?{’iar%%{‘ﬁ'gtpf’%’"tlgbegl7
which WO ZOGdeﬁﬁﬂéﬂE@Hﬂhﬁﬂﬁ' ﬁﬁ{gqg%ﬁiﬂrtl)gag%igst @gdr@@?nq?ahwimg\feyf

j.s msal.ign et ween i de tube and actuatin ube :
angaea Swhen gﬂ;‘ﬁ?ﬂ’ggg Ebguilgg f%ragtﬂ%"t?féuldét“ﬂb&clée@e pede diildA2 ?Flﬁfét Rledr ged
end portion 3 FhiROdek RS 1R Jikois] inHEa@&'BQFef&@lwe%ugfeLz{lb&ﬁ?Fiﬁlret here
is msalignnment between gurde tube 15 and actuating tube .
Act uat i ng t uBeangthgnactugtinglie 1 6 isgudlad guthedsamadieectién. t Thincausestopilded

osition, an t t al so act S, t able. gyide, In this
vay. when i 1t3x§8§§‘érﬁgf’d6%%%?‘ief Wﬁt%saﬁ@\%ﬁ"%a’ﬁbirgu‘ﬁ%i)@”“gg%P‘é“‘&?i Il 32
goes t hr oughpualist guidei talge 13)bausing ivtodetraet & e én Fighe 91 5The flexibility Bf t he

extend%d posi t.i on._shown in Figure 7, the enlarged end portion 18 of

act uati’ng t ubRi! spring 'a‘é%?mf?‘?qﬁ‘gesﬂls%’&glﬁPﬁ@h%@&W%W@ﬁW@&ﬁpwe

portion 16 ofy Q@gﬁiggtﬁbb'bg aﬂ@act%@h@ﬂ)erﬁtdhﬁﬁé k@R ctRn (ﬂlléitgﬁuiﬁélgl%e 15,

the cable drill 32 is first pul

15 and actuating tube 17 following different trajectories during retraction.

During extension of guide tube 15, actuating tube 17 i's pushed in the
direction opposite to direction 31. The force from actuating tube 17 is transmitted

20 to guide tube 15 primarily through enlarged portion 16 and secondarily through
coil spring 19. As actuating tube 17 is being pushed in the direction opposite to
direction 31, enlarged portion 16 of guide tube 15 gradually becomes aligned
with enlarged portion 18 of actuating tube 17. In an alternative configuration,
coil spring 19 can be replaced with a suitable flexible element or portion that can

25 take up tensional loads while also providing some ability to move sideways. One
example of this would be a sleeve made of cloth or other materials.

The 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.

30 This allows guide tube 15 to be fully extended and also stabilizes guide tube 15

in the cancellous bone.



out of the device along the direction indicated by reference nuneral
31 in Figug then actuating tube 17 is pulled in the sanme

di rection. %rﬁ%gsméét?%es coil spring 19 to be pulled toge‘f%?swqoﬁ””
actuating tube 17. Coil spring 19 in turn pulls guide tube 15, .
causing it to retract as shown in Fi guré 9.- The flexibility of 15

coil spring 19 acHPsREatemn s ambeMRAL ofthebredtRYin0&Hdh, ABIMNEED15

respective ends of guide tube 15 and actuating tube 17 during

Ei e]'E ][ acti on daed aguaging debet!fisee aopneated tyca tightly rvepund etensiorf Sphhg\APangxat
QUi do tube. 1EMTEKEG) Ehnb RS SEAR not comprdl bitds BT SRRl ¢ o

to directi ond&bm Iidewﬁﬁrtﬁ ecd‘ommdatétth@(ﬂ 1ffB@nt idjectdriesios ghidanmei1 5 apgl 20t o

gui de t be 15 rlnarl ough enlar? ortlon 16 and secondarily
t hr oug coi | a%fg‘? Iﬂﬂéu AL qsam%tlra@ueﬁtgnﬁ%mmgulﬁat he

di rection Opﬁﬁﬁtbk@uﬁé%nfytéﬁs%d 108 Bbe B15 gﬁgmeef&bwgg% Pirafifitle t ube

15 gradual |y becones aligned wth enlarged portion actudating
tube 17. In an al twhmtheﬁmla@mdmm o,ﬁiht prepant inyerit®necgridbe

replaced wt | ortl on that .can 25t ake
up tensi onal bglg%x\%ﬁ?}? esélj %ofgg’r%]\‘/jlaaglng B"}"Iq m:bH‘efjﬂWB

si deways. OnginglearpbEthif bddpms aVhoth 1he?1galréizzae3@:1yr@d@s Ppowh| @nprREs

ot her terials. The tip i de tube 15 preferabfy i ncl udes a shar p

edge 20 that a’b%{ﬁ“aﬁ"ep‘fﬂ@%“bd}exl §LI0R A3 And G hepygrgion #hi Bodhd mavir at i on
i's particul agdnyp rﬁ@%ﬂ&f@rﬁﬂé’ %&%93'8{?%%*?’ a‘?rs%ﬁhgdsg l?lk}tbs?ée e an

intranedul laty nail du ext ensi on IS a
‘be fully ext elmmmerahdmamg@nslt &hielend ofthg titgean bt)benlﬁr shapd:dm thainhxel I ous

bone. - ano ry.enbodi of th rese

i nventi on, gm‘%]e n{bﬁ-%g%ral ﬁ?&?ﬁgﬂ é%{l?%lgei P&P EIEIBWH%E 53%’?

tl ght ly woung. emttmasmeadnﬁiaﬁu ﬂexxﬁﬁaegn&ahs %metlﬂé{:ﬁ b?ﬁndé%ﬂfg%‘ﬁ%‘ iHend oads
it does not corrpress is still flexible to deform

S| dewa’és to eTTesPARIIS! ecaEIH%OEW?r@weﬁprmg Egadip thsrqollectiye skapedé t ube 15
d 5act uat
and 5act uat i ngntdbes 116, 3535A0MRe kifts Eindy o\%&ed ﬁ}r gélﬁ%@%gﬁa% e to pull

extension spring 19d can take up sone t nsnon

gui de tube 1®Bactheng prtieciteal dgcharge machumngléﬂDMhomrthls vaythislsaction of
enbodi nent o DEeSSN Ll Bve nt| n uj. de, t ube .15, extengi on spring
19a, and act%‘%%l g rF ube d'tlhf rgig ﬁS’BH%t Jtli‘grc‘fb}' ﬁFB“‘HH‘Eg @.Waafrm?{@% thic
body 39 as sisamtension Eprifigf Waddcuddedlabosd, as shown, conprises 10 an

arcuat% portion 41, flexible region 43, and a i near regi on 47. Body
39 maylconpri se, N@Adition,the entting endinf thecable preferably dngludes ongeranerg| |
such as st ai f@Sedpt&n I %@& f the
tube can be bent o? shaggicifegct)ét aéti‘%ttﬁ'isa&%}\ﬁ 1‘35Bg'reldg98 h‘%&gftﬁ'ﬁ shaped
| i ke the col foeastanke Gﬂbﬁp&embyellmgtﬂm @ble tb Out, straigtited. 7Fighres 1 &d- $0d
enbodi nent, “|H§XI bl e r

15cor r espondi Ay A %?(gf"ip 8?“ @’f Rgﬁ Bﬁt %BEH%% %%?Hgbﬁgcé’lﬁ? ﬁs‘%&:i’invtehe
shape of accordance with the present invention such as the cable drill 5 (Figure 1) and
25 cable drill 32 (Figure 8), for example. In particular, Figure 10a illustrates a
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
30 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.



el enents 15, 19a, and 17. The slits can be provided, for exarrple by
| aser machj_ni n?&,or el ectrical discharge nmachining (EDI\/p i

this secti oW B8P PAE%structure woul d be rel ati vel y fl exﬁfﬁTéUsz{Wg’F%"BK/

functioning in a simlar manner as extePS|on spring 19a di scussed
above. 20In addition, the cutting end of the cable preferably

i ncludes one or Wﬁn@ﬁlliﬂ@“&ﬂﬁ@%&nﬁmﬁé Shefeeial Jo&pklﬁﬁ%%ﬁeriah@nﬁu“i ng
action by re%g&rr}g the cutting force on the cab ereby al |l ow ng

the cable to meghagtrabproperties (Fuch as humanar snimalhonapdicdienpl ar y
confi gurati oRsmhfidl of ¥k BifcdiDEIndnand R d bR |09|fboﬁe)cgg%1‘?e 811‘211 eJrn]t'ev;gd

accordance wth the present 1nvention suc
(Figure 1) amjdfﬁléctas lthee @iblelckos8 thdbamdaySom the sofmtamndral tolthe harder

partic | ust ochar t| 34 t i ncl udes
plural, L] such“"gil “f‘ﬁ —é'@%?ﬂde %{tﬁ%ﬁf’ dﬁ@]rtQ@F et Id % eng t £ ARPYHr e
i nclined rel afinNg réstARe tbuﬁtdg%rceﬁhgume ij%dohﬁthh%tffoﬁ{ fe m%te?favt%ed
t|p 36; Figure 10c illustrates a dge-shaped tip 38; Figure 1

illustrates gabipdribisshidlngd Thip lmwicotdanwlﬂethb@chsqﬁrmveoiﬂora“ﬂth(ac har

or Lent ed bt oakn T3 KRB PAEY AEhHR B GuBpghEls BMGTRRS Lon

angl es that eutdng forcpem the ceﬂ)ﬂradrilbdectda@e?. ab ﬂe,sretaaﬁ s &mbﬁﬁ@baﬁﬂ@&]by t he
present. invention. WD 2008/ 05 755 Ii:TlUS 7102 937 - When
drillifg thr BSFASSE LHoRdeior be saklefrillpotdy ﬁ%l?tlf'e?rﬂéFrOWé the

di fferent mﬁ&ﬁﬂhr?&fon@ﬂﬁ@@ﬂér'n@a’ier(ﬁ Weihe ﬁﬁdm&lﬂrth@gz}ﬂ‘%ﬁnlp@ﬂﬁ pahi ch

i s conposed of soft cancell ous bone and hard cortic one a cabl e
drill can t effiptebataspeaddiigtaenonglescthp the @um@scetthQCdbMdhwotﬁmcrm t he

softer ‘mater r Jhe bl e
a1 o et g hatghe AR R0 R P SR mFOUE R Rl e Tk
(cutting forob@abtehhlllaaiﬂﬁr% héhmldlthmumgrﬁndr ThisrvdnpkdvedereRtival t he
cable(grlll i.S. d“é g g kn accofdance vi{%éhthe present

i nventiPon, geng ?rﬁ‘;tfoéeglf the, prdtipg Togee 15 ¢ ho thesgleripaterial il
cabl e drill ﬁét%%l‘e&@sdp@ﬂﬂftﬂé)oabfe@%l]%lﬁkbé}ﬁtEtPar . on the cable drill
decreases as the rotating speed of the cable Il 10 increases. In

order for the cabilgthe|paramsters for dellingcen mmh@ly:é@eedidg ph thecr osses

t he boundary f r terifal to the harde rial, the
cable drill dJﬂc{é’L‘BM‘@ % Ee a[%a‘%g@gﬁ“ﬂ?r&ﬁngﬁ@ﬁedﬁ grgp?rﬁgse apdthe
cutting forckké)hea oﬁaa{@pﬂkrry bi‘oc&hﬁ@dﬂ’ﬂrﬁhﬁg thfough @attaNe\8randebgEalal 1S

| ow enaugh f e sof rial ort the length of cable
drill %r ai | |ﬁc§’"5’ he! ﬁé’aEtlS’P Fﬂ@”‘é@'ﬂg’e refafing speed IS[PFQbeI]é‘ sufficiembt i vel y
15strai ght dfgy kHe'cﬁ]ﬂm@'f&%@Bﬂé ﬂfg cablt dkill%o G&eldtivel f]&ﬁgﬁg a?;g F}Paﬂblg q kt he

softer material wll ble to support t ec
it straight.02I1b(0.9 Nhjor at leastleputham® db €2.2 D, inlpidet torrgmmme deuigtioni del y

dependi ng on abl si ons and

material pr oOftetF%‘fag)g drgﬁféﬁ %Ceaeélfelgg’)afh 5%8 é’}?gﬁ)af' eﬁﬁlgEge ur e of

drilling t hrmrus;bs thabowldanuistesetl tieodanteldus Béleami fie doanral Wnkh Uader

parti ar devi ce, e rotating, speed is prefera suf ficient

gytar d B6ns, SIS e 'GabiE Ol may mot be
certain conditions, such as a figh cutting force the cable drill may not be able to
drill through the bone along a desired path. Exemplary parameters that can be
used for drilling in accordance with the present invention include 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
30 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



for the cutting force on the cable drill to be relatively |ow, e.

appr oxi mat .2 1b (0.9 N, or at least less than 0.5 | !\%
in order thoyﬁUgB/%nf deviation of the cable drill fromPaCTgléséPq:’Qaz Bth
(l'inear, for exanple) as the cable dri lLO crosses the boundary between

t he cancel | ous bone and the corti cal Under 25certain

condi tions, ghecdableSrifl aB@l a6 metcbﬂﬁlgﬁ‘rﬁro%fm%%nﬁﬁ&y d?t@lar daHe d?myana ot be
able to dr|II t hrough the bone alon%adesue :
¢

par amet er s t BHEr praperies maydsq bave @np ieffeqt 9y therppai ¢1€tt1f18:836vd ami fetrb
present invepflon include a rotating speed between approxi mately
120, 000 rpm and 140,000 rpm for distal fenoral bovine bone at a feed
rate of 1. 3 m1 s. Irﬂ-‘mder(fblsmabalﬂe trilato followan dbsired trajdecory poeitclcd chide '
30bet en Q00 000 rpmat a feed rate-of 1.3 nm s. The
desi re speea ﬁ#@l&&@g eéﬁeé' ickay t rifirarpsdutlanymapl ier exappda), Wereivne or

wi th bone frgf@fé#hﬁlj? 86 g4 be?ﬂbémhe mRRAhaRe btk GHif £ aﬂa%&e%;a&
| ocati ons. di nension of WD 2008/ 054752Pa/ 1182007/ 022 10 -

t he cabl e drBeide mbendny gmqueenctbﬁaricgme amd@hlbofand the nsteriahbisngf t he

ble drill f
C oot Lot i BBl ORBEAD (TR R 3y BENE B RaPIRR |
fol |l ow a desinimighal play bawem/thabaummlhartme mbﬂ @iaxﬁskret bftthé endioi@si &d

(perpendi cul ar to an |ntramedu ry nail exanpl e there is
pr ef er! gbl y nﬁ‘egj‘écﬁatﬁ&‘ &pberd H@“Wi\?m QPmtth“ee Wheze H’Plcﬁ leidgll gKits)) i ng

and the arcuate gpbgestHhg lﬁWﬁst&?@anbeT%}i‘@Eiméﬂ?e &5f (?944%&}(;@ t ube

and the material being drilled is pre mnimze | ess

t han about 2presgnt IIPPIéfOGr &lablg drifledriye ¥4 cari b usad aph a;ur@eaﬁMary folwer cabl e
drill and th n netern of, the en ar cuat e

gui de tube (or ST AR P RRa o RE dETudatia FntoBi <)
Figures 11 amivadd® (ahd msrwpa Eabddreik £16H 284ir6@ BFHBing phth Filghlrééqs%d of the
pr esent |nvent|on Cable drill drive 44 can be used as source of

r ot ar yiIpower 14 S1o% the CoIrpanents dnsifiethe drill drbeecd4 q@écge&w\bemc@dm Bousing) |
drive 44 al s LURfh iisad, @ rAMANGLAS RAE S8l Bk AriGRMT. gt | al ong
13 an show t he

a desired dr| I’l'i ng pat h. Fi gur es conponent s
i nside the deduplingi$2.ve 44 and general ly include a housing 45, a main
Coupt i ng 53, °" PREs BRes Re R Bl Y o PhBR PRRR R
conponent s i dvivedis. tThe nidni drivir 46vi@dnthfhs a High-iRENbRIEANE DO metRralis a
hi gh- %Beed bérlflvse? lth%ssﬁaiPS% %Dtthe [ilsgodfsaglgadnve coupling 52. Main drive 46 also
contains a load cell 58 that is used for sensing overload conditions. The
disposable drive coupling 52 is coupled to the load cell 58 so that substantially
all of the axial forces experienced by the shaft 56 are transmitted to the load cell
58. The disposable drive coupling 52 contains a bearing 60 and shaft 56 that
25 couples a tube 64 to the motor (see Figure 16). The cable (not shown) is attached
(e.g., via an adhesive or other means) inside the cavity of the tube 64 so that a
length of cﬁble 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
30 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



20drives the shaft 56 in the disposable drive coupling 52. Nhin drive
46 al so co a.load cell 58 that is used for sensing over
condltlonsa} §&5$?Bosable drive coupling 52 is coupledg?%Uﬁ ‘F%ﬁa
cell 58 so that substantially all of thg axial forces experienced by
the shaft 56 are transnitted to the |oad cell 58. The di sposable

drive ‘coupl i dgvé2s &mhaﬁﬂgeraar@eaédswtoﬁecl@tﬂeidﬁp@sfasle%ﬁvé P@Hpnﬁé?@w' es a

tube 64 to the notor (see Figure 16 The cab not shown)
attached (e. §iemandrivgddhesi ve or other means) inside the caV| ty of

the tube 64 so thaf, ek %%QS%FIVE@QACFSC 3&{)%1% t{%nh%}(a?ln]g{er e, a%i? gnve

This tube 64 tel escopes wmth a I'a ere curved
gui de tube a%&rbda;danlicbadomndietd;tredaﬂsmﬂrmﬂeféﬁd&aﬁr THe he®mptori@e 52 t o

t he nal drive 4 silient finger of the di sposabl e 30drive
coupl e ar epr cuolied BMF@“M@"Ht HWSFH%@SS%M QR USer MPUE AEWEH 8JBRUED| e

drive coupli ngmfiﬁe 138¢delt 5¢ ﬂlcgﬂﬂ%mt ﬁlagrbbz%m%ﬁ&mnh@gpaﬁa’te ﬁ%mttn@“

inserted into the main - 11 - drive ers are rel eased
to | ock the eabipdrilhitiee 4 orveaydsuptegnatgdBito cable Hill deiverd4ir Cabde drfii

i ve a6 for Sar ool a5 E R el Sowah Bl Bhetd i o

notors are Spenidealsigdl thyt iadicasd 4 9loks Bidpofnf @) a SH@WMIniDASEHe Girt UEEr
i nput %s wel | as |nputs fciomthe | oad cell 58. A control unit may be

a di stilhct U FXCEARY BEasequre, the Main deie 46 irmeved dorward and the disegsatie
integrated ipfig &ﬁ?ﬂlﬁg Sji'l‘nlsértegra é’lﬁ:w%‘lin F% CandE é&aﬂ&h%@é‘%&pt i onal ly

includes Iimt swtches (not s own) e use provi de a
si gnal that ﬁﬁpﬁseld@ésvacwhng(& emtlipmratracted)aseshownm Bigureni% .Figtre 2he

start of 10a cedure t he n _dr.ive f orwar d
and the di sp%}lsa %”Bth %Yleﬁé’fg’fr ngeptpgﬁ’tlﬁgogWSW?‘q%D |4§ur’ﬁb 18.
The mai n dri vableddrill Mbtﬁodﬁ@mlséihh&rtdﬂ (@ the @ e Il a5skm bl inkiae Bn
retracted as, shown En Fi &]tre 19.. Figure 20 shows, anot her exe

view df the mpmgdyl fi%ﬁredflsertﬁ@ A GORfFQl pait Asn preferably dni atpsny
(not shown) th% dhhﬁu@ sbcpfeﬁeet@ﬁien'mé Bset 9&1@@% ggsamg oS e cheﬂﬁ%nqe an

15 i ntramedul | nai not pre-inser ontro uni't then
preferably iAt thﬁantésfthhérltlmgIpl‘ocn@prs,ehmmntos Iynbierablymopjmﬂeasmaﬁh]lya& es a

start button or sm At the end of drill

procedure, tH& ﬁg‘fég?ysthﬁf;%’?q@ 4B W‘Sﬂ‘b‘ﬁmam RiP p@;qrgg}ya@p tlc?ﬁg’t%?'méd by
the control dting thelf@ceticths 108t kb1l 88 8Qedd &f SVeAbAd/contiRfPnitfat 8dui@ny time
duri nggt he procedure the | gad cell 58 detects an overload condition

that <Bul d 2UBpketk citle dilknPational forwardend barkwarbmepned svaitdhepeamialier d
manual = swi t chiege aﬁh%ﬁolﬂ%daﬂfé‘ﬁ'} %ﬁaﬁ@'aﬁ&{fceﬁqn&h@ﬁ@h‘seﬂgéd drive

44 and/or control "unit to use for attaching t I sposab & drive
coupl i ng 52.attaching the disposable drive coupling 52.

One exemplary drilling sequence of the present invention that can be
followed by using a drill drive of the present inventioﬁ is described relative to
25 Figure 19. In the retracted position of the main drive 46, the main drive 46 can
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
30 any time during the procedure, the load cell 58 detects a load above a
predetermined level (e.g., 0.5 1b}, both the main drive motor 54 and the feed
motor 48 are stopped automatically and an LED preferably blinks signaling an



One exenplary drilling sequence of the present invention that can be
fol |l oned by usi drill drive of the present inventiop is described
relative tﬁmﬁékﬂgﬁﬁé 19. In the retracted position of t HeHet" /%493 e
46, the main drive 46 can be rotated aglﬁ_preset'rpn1(e.g.,
approximately 90,000 rpn). The main drive 46 can then be advanced at

a constant r atrér. of thls RapfpBilss the uddr @RI RedsAb rdplice theadaBle 2B guitBibe
drive 46 is advanced until a limt switch (not shown) is activated

si gnal i ng t héssémaligyandiiy tedrilljagains ThissHlearspenaginrycbel ibsiajted age. g. , 2

i nch oI f ' ' d | 8
dot oot s a 1 obTeanatnh BBl bt d5hIPERSERYIAne Ltf: O icR e e
mai n drive not doesHdt alvandetibrohiglethe otor ARS8 thee deb@ibpd depuidanrtat i cal |y

and an LED preferably blinks signalin n. WO

2008/ 05%752P@ﬂ*7tﬁ%§5%9‘7?5'2‘?§§ hrotiglva condiof it prograpped to flloartbeset he user
typically nee@ps.to replace the cable and guide tube assenblies and
try to drill again. This sub-sequence may be installed as a

precauti onary meaddthenghdhpdasorntionqapyidednbevdisgirested prirpanilaisd e

mnimally ad . t ugh the bone, | of these
descri bed st E%E@%thgqgﬁg%e?ﬁgllﬁg%’%;l?%&t?%%?ngea‘fqnf/ep[tﬁw?‘rgﬁ%%ﬁlé’ control

uni t progr amimehdedtd i dpplicdblecs@tist €psies and body Anidagegbudhhe caeif@e] pti on
provi ded above is di rect egﬁ@ri mar i Ia/,to procedures that_ involve -
drillit¥g i nt KiBdJRwsCle L and the Iiksn i pedition, sorabinaliqny of anye{dkese veriqys

appl i cabl e t oty with 82HeheR BEk/BOH XoRbiYGSH W RS bortUtllc@fs Gy L1 | age,

G
10skin, nuscle, fat, and the like. In a:éldl tion, conbinations of any
of these var ingensledtobeangerapasedd by thedescriptins peavatled hetem. conbi nat i on

wi th bone structu ' enco ssed t he

descriptions pr ov?ﬁdﬁse%rg{?a fg?%ﬁf&ﬂ%gs Eg‘*ﬁge%4%§°§§ﬁ$“’inﬁxf‘ét%%lef‘ﬁwoﬁa‘éerﬂow

been descri bedbwdimbnts éfepso€nThe émirs e¥clodire UMY PaRBIGrpatehesppatatibhe
ent or patent application 15identified

S EICEI T N I G U T G
T L o B LSS eSO TSk Bl L0
wi | | be appauwiigeessary limitations are to be understood therefrom. It will be apparent to
those skilled in the art that many changes can be made in the embodiments
described without departing from the scope of the invention. Thus, the scope of
20 the present invention should not be limited to the structures described herein, but
only by the structures described by the language of the claims and the

equivalents of those structures.



those skilled in the art that nmany changes can be nade in the

enbodi nents described w thout departing fromthe scope of the

i nvention. Thus, the scope of 20the present invention should not be
limted to ures described herein, but only

structures Jéagggor%{oﬁég%t by the | anguage of the clains an %1;]/%@007/022937
equi val ents of those structures. - 13 j13.Wiat is clainmed is: A
surgical drilling device conprising: a housing; a retractable guide
t ube assenbl yWdehpelaspadds:an ar cuat e gui de tube 5slidingly positioned
ina first arcuate channgl, .of the housing, the arcuate guide tube
operatively cbnnect &t diipedeyitrfomA% 8od sl i dingly positioned in a
second channel of the housingg wherein the actuating rod controllably
advances the arcuate guide tube.fromthe. housi.ng and retracts the

B cuate. gui de tube § ntd TREERE AT SHPIIR AR AT, |
having & first portion slid#liigigly ppotxintd ionEdt irmate hind ef tbelaveng the de
tube and a second portion slidi Jofads j I : nel of
t he housing. 2. The surgi ca%‘fc‘%ﬁb}gidig%gg _ee;\?%l%g%g?degfcgtfh]pac?g%?@i_n t he
connection between the ar cuglid@slyprdionedipa seaend chavee! gEthebauping whesdn the

conprise a flexible 15connegdiaffl rodeontfOIRLIS HvailceSthe Afale ol iBGEEKdnE Be OF
claim?2, wherein the flexi bLe connection conprises a cable. 4. The

surgical drilling device of "¥Fiag#dsetragly e apysieghide pbeRiogled ot iign®dt i on
conpri ses one or nore hiflages cablbll Tivénguirg paradn stdindly posigiotkdvi o€ Of

claim 110 wherein a | eading grg&ge g%}cde{ut[])gandasecond portion slidingly positioned in a

third channel of the housing.

2. The surgical drilling device of claim 1, wherein the connection between
the arcuate guide tube and the actuating rod comprise a flexible
15 connection.
3. The surgical drilling device of claim 2, wherein the flexible connection
comprises a cable.
4. The surgical drilling device of claim 2, wherein the flexible connection
comprises one or more hinges.
20 S. The surgical drilling device of claim 1, wherein a leading edge of the
arcuate guide tube comprises a sharpened region.
6. The surgicatl 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
25 for controllably advancing the cable drill in a drilling direction.

8. The surgical device of claim 7, further comprising a contro} system.

9. A surgical drilling device comprising:

a housing comprising an internal channel having a first arcuate portion
and a second linear portion;
30 a retractable guide tube assembly comprising an arcuate guide tube
slidingly positicned in the arcuate portion of the channe! of the
housing, an end of the arcuate guide tube operatively connected to

an end of an actuating tube slidingly positioned in the linear



arcuat e gui de tube conprises a sharpened region. 6, The surgica
drilling device of claim1, further conprising a notor operatively
connected to the cable drill. 7. The surgical device of claim®6,
further conprising an advanci ng devi ce 25for controllab“y advanci ng
the cabl e dVPI2P%{%#72 drilling direction. 8. The surgi cHT RO,
claim7, further conprising a control %sten1 9. A surgical drilling
devi ce conprising: a housing conprisiﬁa an internal channel having a
first arcuate portion and aps€sQRthe l:lllaﬂﬁe@Bf'tEEQfoﬁéir%mheéﬂqqera%.lgtgg&i ebl €
gui de tube assenbly conprising an arcuate gui de tube slidingFy
positioned in the arcuate pBPTBHIGPY phyancehizammibts haysing 49d ratfetisinioghe an
end of the arcuate guide tubmsiegersati vely connected to an end of an

actuating tube slidingl sitjaon in the |inear W )

2008/ 054752PCT/ US2007/ 6?&’8@?“&"8fﬂﬁga"b"§ﬁcl“8?ﬁ i %Wé"'wﬁﬁéf’mm t he

housi ng aherein the arcuat eslgingideoditishe! ic drtrcedd bk wbasdasesss from the

housi ng "and retracts into the,: | g, . . a flexible cable
po%amw&b%gpogmgg? in he actugrin b

drill having a cutting end and havi f por n %slidingly
positioned in_the grcuate guyjde tube _and a second portion slidingly
posi tioned i n'%he PH@WH&H{[‘%Y'C%‘TG PR, §"E?r§'i“é'éq ‘J%H?“iglel"il AgthBievi ce” of
claim9, wherein tdae]eqmltb,ﬂgisgpﬂrrgfar_t he cable drill cqgnprises a

trocar. 11. The surgical drilling device of claim9, wherein the
cutting end ofl-t heltecmhrEIrHlng device phsimels wherejtequiting end of the
10 cable drill comprises a chisel.

12.  The surgical drilling device of claim 9, wherein the connection between
the arcuate guide tube and the actuating tube comprises a flexible
connection, -

13. The surgical drilling device of claim 12, wherein the flexibie connection

15 comprises one or more of a spring, a woven sleeve, a rubber sleeve, and a
plastic sleeve.

14, The surgical drilling device of claim 12, wherein the arcuate guide tube
and the actuating tube comprise a monolithic structure and the

connections between the arcuate guide tube and the actuating tube

20 comprises a flexible region integral with the monolithic structure.
15. A drive systemn for the surgical drilling device of claim 1, the drive system
comprising;
a housing;

a drive motor that is translatable along a linear path relative to the
25 housing;
a disposable drive coupling having a drive shaft releasably
coupled with the drive shafl 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.
30

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.



12. The surgical drilling device of claim9, wherein the connection
bet ween the arcuate guide tube and the actuating tube conprises a

fl exi bl e connection. 13. The surgical drilling device of claim12,
wherein the_f|.exi connection 15conpri ses one or nor L Ng,
a woven sleg$ﬁﬁéﬂ£%§%ber sl eeve, and a plastic sleeve.ﬁ?éﬁmiﬁﬁégﬁbp
surgical drilling device of claim 12, wherein the arcuate guide tube
and the actuating tube conprise a nonolithic structure and the
connecti ons bdfweeThd drveaystanadiclgmilddn ¢onibénagiond with e daliing déviiseg t ube
20conprises a flexible region integral with the nonolithic structure.
15. A drive systemfor the surgical drilling device of claim1l, the
drive system conprising: a housing; a drive
notor that is translatable along a |inear path relative to the
25housi ng; a di sposabl e drive coupling having a drive shaft

rel easably coupled with the drive shaft of the drive notor; and a

| oad cell operatively positioned relative to the disposable drive
coupling for sensing axial forces acting on the drive shaft of the
di sposabl e drive coupling. 30 WD 2008/ 054752PCT/ 1352007/ 022937 - 15
- | 7.The drive systemof claim15 in conbination with a drilling
devi ce.



