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Background of the Invention Cross-Reference to Related Applications This
appl i catiwo loassas the benefit of and incorporates by ref ecanc®/3pos or
filed co-pending U. S Provisional Application Serial No. 60/327,704, filed
Cctober 4, 5 2001. Field of the I nvention This invention relates to the
suturing of surgical CYRLIN mei‘qvm@mmw@mg or fixing of
ti ssue in general surglca proce ures and I n particular, the suturing,
joining or binding of tissue in surgical procedures involving very snall

10 cranped or otherw se inaccessible fields of operation, such as in
general | aparoscopic and neurol ogical brain surgery. One of the problens
which is inherent in many surgBsélgraiindegehy I@sertiont hat of |limted access of
t he surgeon’' s hands, as mell he needl e and suturing inplenents, into

t he |nC|5|e~0:-Rm\2~ S POPBIEONE  anpl i fi ed under circunstances where
del i cate surger ynﬁé‘g;%ﬁ&#}fﬂ&hs the ﬁéd%ﬁt S4hdSREIBbratks b EferRhYe, pAsr il as
surgery on infants ren 1s undertaken, since the sur |caI areas of
i nterest i roependingiUhSt Brovisiamal Appligetiony Setial de £0/337 30 iled Octabst 4woul d
othermnﬁe hﬁxﬁ055|ble on adults and children are inpossible due to the tiny
oper at i 1ds and many conditions that m ght otherw se be corrected by
surgery ardﬁﬂh&fﬂ&dﬁemnmmnsidered to be inoperable. The same situation
occurs under cir nstances c sut ?N#% thln interdor.and normally

i naccessi bl e ar SB‘FVC‘? HE 16 eglu R WSneN OdR AR A%es and/ or

i nstrument Sotﬁ@ffjm%ﬁfg%ﬁixh@&&lsaﬁ&mgem smgldﬂgﬁodeh@res aeC@gmaiclathgi cal
relief. The mi Cro-sized cyclical suturin knot -tyi ng device of this

i nvention isturihgsiogHeg ox hnéwguomliseeswgg@a]l Pr@?ﬁdﬁquh’@"(ﬁﬂag VeysRdh cul ar, to
faci 11ttt e aGaEeSSld ngéf@[}s\é 1%3%0&%&(4 fi IEQBF%érXtaorp's'ﬁch%tm gérmrél%ba}&coplc

i naccessi ble areas o I nc udi ng-t heart, rain and spi nal
cord, as vveinldmsroﬁngméhtalmmagerpr @cne@ﬁﬂ@s)r@biemﬁﬂélmhsls inhgregt inonemur gi cal
relief which ha her t of or val l uspgi cal

t echni ques.smﬁ’l ngtﬁqtr??glmltﬁ@%n oﬁptllhg S‘?%gcr? %{%@Ezag 1y%a{rl\lgar cuate,

fixed, gr Omeedle(aﬁd E@tﬁﬁﬁgﬁﬂplmynts,ph@vthdﬁdisﬁdnc&wmmdemmohl@hmsconf| gur ed
support frame nounted for arti cul atl&gi&on 30 an o ti nﬁ devi

capabl e of @Wl"ﬁéerafmi%’fnéttap?f‘é whet Jeligats Sger %“icﬁta% eaf PRIy an& é‘h‘@? h of

thread. sfri wiB\s G & REAY SRGhilAreh ReuRYak &, sined getsineday engagi ng
1 WO 03 02854%&1{’;&/ USOZ/%%%@I t he needl e aend causing the needle to rotate

in either direasofingerestnvalve minute)featuresy Adany surgical procedures that would
otherwise be possible on adults and children are impossible due to the tiny operating

fields and many conditions that might otherwise be corrected by surgery are therefore
considered to be inoperable. The same situation occurs under circumstances such as
20 suturihg within interior and normally inaccessible areas of the body, where no known
surgical techniques and/or instruments can access these areas and provide the
necessary surgical relief.
The micro-sized cyclical suturing and knot-tying device of this invention is
designed to optimize surgical suturing and in particular, to facilitate access to very
25  small, normally, but not limited to, inaccessible areas of the body, including the heart,
brain and spinal cord, as well as conventional procedures on infants, to allow surgical
relief which has heretofore been unavailable by conventional surgical techniques. The
device of this invention is characterized by an arcuate, fixed, grooved or recessed way
provided in a correspondingly configured support frame mounted for articulation on
30  an operating device and capable of receiving a rotating, curved needle fitted with a

length of thread. Frictional devices are provided in the way for selectively engaging



whi ch can be operated with sufficient force in an articul ated state. These
frictional devices are responsive to mani pul ati on of various operating

el enent s Wp oso2g5ehents in the operating device. Needl e dipceaiSonsit7ed) usti ng
el ements can al so be provided in 5 the frame for selectively adjusting the
direction of needle rotation. Articulation of the support frane that

carries t hehaaeedrihdldagsif@the neélle LRt indither diesion forlsatirihg aGP&Und; | Ng
device is typically facilitated by nmeans of cables connecting the ball or

uni ver sal  WisFheanisamerted wishenffieient foresyin ap prieulatsdiateeThese figianakd on the
operating y in one
or both di ?g\é{cigﬁ%rse rCESQ{)\% @ghﬁ?glgﬁ@é&g@nggsn‘?%ﬁata? :%gér??e (;fft @ﬁ}%ﬂ?&h@r&té“ ate

di rect : onalin #recbperating deyiee. aNeatlie direstieontadjusting clamentp samelsmbe providsd in and )
articu and, t e ert, by
mant pul 3t 1 ghe Bime {6 selo8lfeny A fisdolife ditedh g AR ARIRS Srcpiab g Ine

i ncr errent i ngpputtiiriae dlat egriecthe sagrang sherochting akkédlevithltespacttte the opgratiegi ces
can also be utilized,.i ation t he oper devi.ce to

facilitat e 95V i'srféfplcﬁ]é)hg‘f:ﬁ g‘gﬁﬂmei@? %’*dﬁaﬂlgs 6?@1@&%?@%&10{ Yi¥FHne sut uring
knots as t hgint-indSHRd Frakiéth A9joySstislt @?& e eProtili’d of BRS ekt 5@1@\’11066 and the

rotati ng néedle. The curved orf arcua frame is constructed to support the
needl e frorasaulingly, retationpbthe meedle inserneentallyj in onp er beth direetipns 68n ¢ on. The

ot ovi da0f neTeEtd BL chRRATIRH of HeBRHpr WRcBUGRR RS it En JTRIAR P, L
| eavi ng t hentthpompdratirngedeyicopand apticuldmasd thd hane,add drus thfhway epd the neédle di sk of

rotation opento ermt t he t.hr ead ar i,rcuit
traversed BY ‘t”H’grtn 1p§f??\’b8ﬁh? %Yﬁb?ﬂﬂ‘%%&fa{lﬂg 5‘8‘:"? nt@ﬁ'ﬁu%ﬁm?aﬂe needl e
support aﬁﬁ’crérhbﬂtﬂxgsdnﬂlllﬁﬁdlfr@ ac8dskoridsiagll hosk/antebokdalsi-fiangd davies cad slsappl i ed
by nmeans of the frictional devices to the ne O\/Slée at sel.ected Iocatlons on

the way. Boemtiiped inceapaatipngvisls thejaperatingdevigetofasifitatepylting. haydlingand o

cor r espgndigpg g@ﬂlettﬁ’reé&ﬁ)ocmfﬂg§ﬁt‘ﬁnh%§§6{§a§ Hletfﬁsuesﬁ%ng%gffé&éd"lg} fhe When the
needle 1's rlven in a circular path by mani pulation of the appropriate
oper ati ng oveptingdedcaoandgheratating ieadlehe operating devi ce, the needl e
passes through ) her nor e,
B hoe the thr et oh itule fsdiESorsBich 18 sftet e hRII Bty iS4 12

needl e, i nehtevhease meedldds mnhdhtaﬁmtglp@mabnn@’hdhmumtgrmsd or recegssedhe case of

bi -directional need| e operation in the center of the the thread is
ot ann bohi AAPROL B ShERETR SR PREIED G 19 B0 ey oo PEMGIARET he' can

and thaougmeédl@“liﬂh%ab@a@essub?&t Raae @ vidganeiopast thd\@obvSUteesd)1bduddadh t he
t hread cannot be élﬁ%g ed wthin the way, it is entrapped within the tissue

through withetepof gepfaotatign pmr\e@(per@ltm%e of fhee tblwa%ar@ewétlwaﬁmn and
entrapnent . u& hiQuRYg, X%hé’%eﬁi%{]%ﬁoﬁ%aﬁﬁlé WRAAtedd iPshy mpélg‘ffeﬁt hebyﬁrrt ead by

enmrclerrens of segne e trail ortion or "tai
and drive structure All friction and locking forces are applied by means of the

frictional devices to the needle at selected locations on the way. Both the needle and

25  the frame, as well as the way, have a corresponding gap to accommodate tissue to be
sewn. Accordingly, when the needle is driven in a circular path by manipulation of
the appropriate operating components or elements in the operating device, the needle
passes through tissue which protrudes into the gap in the way. Furthermore, since the
thread is attached to the needle, either at one end of the needle, in the case of

30 unidirectional needle motion, or in the case of bi-directional needle operation in the
center of the needle, the thread is drawn behind the needle, around the open top of the
way, across the gap and through the tissue as the needle traverses the tissue. Although
the thread cannot be trapped within the wayi, it is entrapped within the tissue through
which the needle and thread is passed. If this penetration and entrapment is follqwed



t he | eading portion or head of the thread, where it joins the needle,

rat her than penetrating the tissue, then a knot is forned, which may be
drawn tigwWwoDoanesswi || bind in the sane manner as a conventPiCanao2/susgi cal |y
tied knot. It is significant that all of 5 the knots commonly used in
conventional surgery may be tied in this manner by use of the device of
this invention in a fraction of the tinme required by conventional sew ng
and knot t i nBy sesshsivermsircloments of seagmentsmidhermailing pprtina of filefdhgihesaddyd in

the oper ati g eIk 6oy of RABSIF ket iyt NS MRhe dcpfeNiERU Bagnd L he

support frane ectrng rotation of e in one or both
di recti ons pespatisg the tissuepthren @knat is dormodd, twhehopeyr txt dragn dight ad. wiljlpndal of

bt o corbi HubF SHRRBaEE s fsopHretop sorg iy sl kndy, dhssferihdapbiaallef® ' "
directi on gRiknbfiGomndy a8 ineeslatichdl ¥eigeriBiiaybe idhinAbisahLeed By sRquence

by the correst%ondi,ng operating . elenments or conmponents in the operating
devi ce to setthedevige pEbts igrension ima figetign ofitheimengauied by convitiondn drive the

needl e in tg‘@\tinggﬁ@ﬁg@l@gte@hﬁ&&&nd drive nmechanismincludes a rack and
pi ni on nmechani cal arrangenent ‘that typically noves the needle in one

di rection respon¥aseus derogrds and enmpenents ereqyevided ingthd epéreéng devideiind  dri ve

hani i ncl tiple f i thin t b
rani pul at 1 oR SRR lbhE e e BEAICARORE draBh R etbdbelolif b 8 e
bl ade im0 a e needledd etk ¢t bodcdiretiohyrespanive 0 manipuiatien of theteperaingt her

driving nechani smfor_ causin he needle to traverse fthe.way in a selected
i rect o i SOV By heaeeie e deides tuhassals ivenad ¢ faye duslef' vel v
engage the ge@e Slafe@SRDNEYE nidinfeddh tHeSsupport gk sih (1P eHedlRd didéctidie
operating device. Yet another driving nechanismincludes a planetary wheel

and gear netdiéng elateapd naedie dByerangyhermatipyated in eaqueesarby thegdresperding oot hed
25 rotors f erﬁﬁgg%rg&t@&dco‘i‘ﬁcqo‘sﬁbt&g it € o %%fihgde\ﬁbé*ﬂa' s¥fthe Aredifiir

arrangenment typi conne e support Trane to operating device
i n but hot ftatationed thendetliesand dlmdmattivewint negflletin ¢hat directionom setand deve enbodi nent

of the needle,articul ation apd ,drive chani sm i ncl a.flexible rotor
that sel oot Toary ahipafie”s HER dud Biio dmE e et Ry e P 58 el Al e Ber at 1 on
of ;lhe oper gikinggdle ﬁyd';]rieﬁdire'&i@)ﬂ tespaiivees olﬁérht}i'(ﬁl ombb aﬁérStlfi\fI@&hvﬁ@r Athigi ng t hew
needle to traverse the way .ln an artic ting, contrqlle nner 1s a pa
and crank dERYCBEARNER m&%ﬁ%@gltlaﬁpftawe- bl ﬁ@arqtﬁe i ths demehy
cooperat | ngmaﬁibﬁﬁﬁoﬁ Bather Qﬁﬁng He\ﬁce\'{b%lﬂ?&%C{hébﬁBe hht Sﬂk@ateﬁi@bli&_ ighf ect
sel ecti.ve engagenent of the needle by The pawl teeth and rotation of the
needl e ?¢ t sedeciasditpgtiomby mghag ofardrofer plate. Aypéherdrivipgdesdberism\for ¢aysing
operating dgyi 1]lized L Ot I . 03/ 028544
oper oL 100 Y [R5l L B L0, 100 LK) A R0/ 02
needl e ar ousidpédiladesythatrselebiively engage the needle responsive to a drive spur device
- operated by the operating device. Yet another driving mechanism includes a planetary
wheel and gear mechanism operated by a pair of bevelled gears that drive toothed
25  rotors for engaging and driving the needle. A universal joint arrangement typically

connects the support frame to the operating device in but not limited to this

embodiment of the invention. Another embodiment of the needle articulation and

drive mechanism includes a flexible rotor that selectively engages the needle and is

driven responsive to operation of the operating device. Still another drive mechanism

30 for causing the needle to traverse the way in an articulating, controlled manner is a

pawl and crank device which includes a pawl mounted in the frame and a cooperating

crank that rides in a V-shaped slot in the pawl to effect selective engagement of the

needle by the pawl teeth and rotation of the needle in the way by manipulation of the

operating device. Various operating devices may be utilized to interact and interface



franme in an articulating, controlled manner, as hereinafter described.
Summary of the Invention These and ot her objects of the invention are

provi ded wo 0a/0%8s841r i ng devi ce 5 which includes an arcuat e pCmarse2/bered ng an
open groove; an arcuate needl e disposed wthin the frame and seated in the
groove; engagi ng neans di sposed within the frame and selectively extending
into the groove for releasably engagi ng the needle; and drive neans

engagi ng t he,: i ] l.e.t . WO

03/ 028544 P%‘f%gggé/sg%?gﬁ%g‘?u Ph%e%%%ﬁa%%f?%ﬁ%g Bt 'ﬁeﬁ%ﬁs?‘e‘éﬁéﬁj&éﬁi is a
ri ght-si de prmepiat axtzulatiogy chtrellqsl mbmrer,cd herdumﬁlenéewt:ribefd.a cyclical
suturing ang knot-tyhng ogﬁrating device, generally illustrating a handl e;
a housing I e is attached; a transm ssion tube nounted on
a cradl e 5 pivot ghkse andlothe? @bjeyts ol thelifuisitiod arcprodided in £¥girindtviRd on one

end of the tra sn155|on tube_ for_ rmanipulating articul ati on_cabl es

ext endi ng Relpdes anyaseuats Gameha g an apry 2rooye ae arcHe needlndispesetat e
frame. A sl WPt iabhe dhdiskAtb® i B 8098 EnBadlh ‘ﬁf‘etahsocﬂ b4 @fiRin thBRupEed on

t he transnlsS|6n t ube forﬁafd ly o gHﬁe’hQ%d% & S]Zc%tenoltgnltnto t%e t ube
and attachesnd sﬁquﬁl@eldr%tanﬂlr@hetOtthmgwam @r@lﬁasablo@nmngnthsemgdlc readdi r ect i on

of the 10 ng V&l opposite
end of the ohreneAREiERhe dbbrBLER Rlear Ab U EETEIE Lo 2
articulation cables and cable <circuits and supports an arcuate needl e
frame or crescent positioned on the end of the extension tube for

recei ving the cables, nounting the curved needl e and effecting suturing of
ti ssue responsive to operation of the lever and the articul ating and needl e
15 control elenents of the operating device; FIGURE 2 is a rear perspective
view of the . operating device illustrated in FIGURE 1, nore particularly
illustrating articulation of the crescent, the extension tube and the
housi ng and housing cradle to the left with respect to the handle; FlIGURE 3

is aleft side perspective view of the operating device illustrated in 20
FIGURES 1 and 2; FIGURE 4 is a top and left side perspective view of the
operating device illustrated in FIGURES 1-3, nore particularly

illustrating a second handle transversely attached to the first handl e and
including an auxiliary operating tube extending fromthe second handle to
a thread increnenting accessory attached to the 25 crescent; FIGURE 5 is
an enl arged view of the crescent and the crescent-nount end of the
extensi on tube extending fromthe transm ssion tube illustrated in Fl GURES
1-4,



nore particularly illustrating a curved needle rotatably seated in the
crescent and a ball which engages a crescent socket and nounts the
crescent wp oBlessext ension tube to 30 facilitate articul at ipem/usb2/s17e4
crescent responsive to operation of the lever illustrated in FlIGURES 1-4;
FIGURE 6 is an expl oded view of the various fixed and rotatable drive
conponents of the crescent for driving the needle in the crescent and

det er m ni ngglAe Py Ogg{pgl% rﬁv‘lvixlag/ US02/ 31764 direction of needle
rotation remm-ve‘\ggo—op?rﬁmwgof correspondi ng operating conponents or
el enents in the GPBUREI Ing adipht-sile peispdiive Gfew of aprefiorep embpédintentef a/i ew,
partially in section, of one end of the crescent .illustrated in FI GURE 6
o saentl o GA - BnegKig-Bis frRert s i Eeaorlyistebts by, nor o
particul arl yohding/@twiath Mg Hah@le i €4PRRLI; W eraigaRbiBn AibeBSuntéll divEcradier ect i on

setting g/)l ate, fixed way direction setting plate and case_for suspendi ng
and dri¥i n§vekdlycarrigd byfhe bousing:p calpe leyer meunted gn OBFERELthe HARSIRISSIPIb W,

partially i fisqs! hfipudfind BicolaBHPERHAd\ER1dAAG thrSUPR el AfmRAGHn Hlcdndd
conmponents i1l ust_ratg In FIGURE 6A, nore 10 particularly illustrating
cabl e ext ensomgcingioshe srchae flameeiA/slidg switck it illostrasediandrd dieectiombiteator n t he
operating device:., FIGQURE 7.is 0 i J . he, needl e driver
el enent of P}?éln%groélé%tﬁ%qsmn%}oena%é? (’lcgﬁz’??@&?%ﬁ&s{%’ra %%gtgndgﬁf) ghrﬁ’ of two
sets of oppadietaed yttabhsptoshe ondelitit ewe capdgcingite Madldssetsathe db@ioniof ey

engagi ng_and iving a cyrved needl e seated in 15 the .arcuate needle

i ver | 19 co BEsls Bav ety AP O OB (S GLIDEJHER S19 IOB AT -t he

oper ati ng deyhdssiol EbEREoA the Jevr ARMSPEFAdEEthéiaBTbubition chiles &/ cable

needl e-engagi ng blade illustrated in FIGJRE 7; FIGURE 7B is a toth|em4
€

partial |y i BraBEEanduPpefts gn gecuptegredp Fesietos cipsent pesitéened 2o the
illustratedip, . 8o BRr by - ltﬂs”cﬁﬁ'f ticR@cank Adgigevel on
each bl adeedtesgll:%ne toérg 'cF entC%tf/ airll-lg(5 seltrqlgent I a ‘?’ay enSage 1?‘%gmgeedl e and
sel ect i vel ysutniingof tissee respatiseveito optretidroofithe tbver andethe rastécudiitingend aredlé-l GURE 8
IS a top.perspectjve Vi of one end. of the drive direction setting plate
corrponeﬁ? of’orﬁ.f?i eic??’@&@éﬁ\[ﬁ?e ?ﬁﬂagmﬁ%%ﬁcs’ul arly illustrating two sets of
spaced- 25 apart FIGWYRBS ik @lr¥ar Pespesind viowestthe opargagy dwidd ildastddin
sequenti al | i‘l enga ing the needl e and, det erugi ni nq_ the direction of rotation
of the needFt¥ Eg@mrefmlaﬂar HBETeing BHOBHMEmLT SBE PSSRl HiF SiFefiani ng
conponents {pelRe tHRRNShE A8d H&Yéirfgeéra(ﬁé (3HRE 1 WhtR ré’s‘fhe&% Hagtlafeop vi ew of
the needl e driver and the underlyin
FIGURE 3 is a left side perspective view of the operating device illustrated in
20 FIGURES 1 and 2;
FIGURE 4 is a top and left side perspective view of the operating device
illustrated in FIGURES 1-3, more particularly illustrating a second handle
transversely attached to the first handle and including an auxiliary operating tube
extending from the second handle to a thread incrementing accessory attached to the
25  crescent;
FIGURE 5 is an enlarged view of the crescent and the crescent-mount end of
the extension tube extending from the transmission tube illustrated in FIGURES 1-4,
more particularly illustrating a curved needle rotatably seated in the crescent and a
ball which engages a crescent socket and mounts the crescent on the extension tube to
30 facilitate articulation of the crescent responsive to operation of the lever illustrated in
FIGURES 1-4;
FIGURE 6 is an exploded view of the various fixed and rotatable drive

components of the crescent for driving the needle in the crescent and determining the



drive direction setting plate, nore particularly illustrating engagenent of
one set of 30 oppositely-di sposed needl e-engagi ng bl ades positioned in

bl ade gr owp odoessing 110B of the needl e driver by the drivecdiusezsizen
setting plate, for driving the needle in the indicated direction
responsive to operation of needle-driving operating conponents in the
operating device; 6 WO 03/028544 PCT/ US02/ 31764 FIGURE 8B is a top view of

t he oppositeg: i i I i .pl ate as

1T ustr at ed e Gl AR ErefiintE o Qb bt BhafEhaluR T 70 (e
second set cbtmpoposs drelgmaitsindbedpdrhtagpaievice; t he needl e driver by the drive
direction plate, riving the needle.in the. opposite directjon,as

M cat od, |5 r es ESTURTESA 5 igbprpevarisvhomaLa b oG Pt gne i St

el ement s i ncidideenofiRk@ited th FILAYRE 6;in kdsehdBRd%oh § g@ati e ivath gedfikatwam
perspective view of one end of the needle driver, nore particularly

i | 1 ustra?i n&ereteddes WRvisr, mate prisplaty illustradnahe renedyengede daer, ddxes
through sl OHﬁeétﬁn_tseﬁingﬁ,mé,%&awé?rdirfeeﬁor%&ﬁg%efan@xasg%{ ?@?gfggggopem ngs

in 10 the underlying ive direction setting plate (not ed) to

det er mi ne t daviggitkeeureed nesflle; ot ati on of the needle; FIGURE 10 is an
enl arged bottom j Ve Vi t 0, end.. the .. ne e driver and
FROREH 5 G S5 Al § ey

the drive direction se a ra?ing
engagenent edspedtiee btude wappbrtyneaddadriliimgcomnstsient ill iserateld daa EBGURE A, tore

respectiye walls 15.0of parallel ogram shaped slots. proyided in the drive

G rocti o sBRtiegni Bubtabe AR L Pr feedi B Jctivn BRI sett i ng
plate by bl agigedhiRCépepdtingepRBENt S or el ements in the operating device
and determning the direction of rotation of the needle; FIGJRE 11 is a

perspective vi ewFEFURRS isadep perspactive vighpfithgonegdlodsiver elementod thoo set ting

plate in fu L | P L L {1 ai r of
Cabl o mountt e e RARRREl R THiGE AL R0 Yol bl UighbL Rk Bed, |
setting pl aheedigengapimg biwles f@ sdiectinaaly engagipgani delving o ervedpeedit iseaged ine

needl e ivegr and the.drive direction set.tin late to.both drive,the
noedl o I MR ook BepFEROP ondBlibh OPulh SnbRunElnrt Ve,

oper ati on obpérhtng &sfeegt i ve connecting el enent control functions of the 25
operating device;_ FIGJRE 11A is a, bottomview of one end of the needle
drive direction E%Wigﬁj A Piagesspestiied iy pt A bl needlg-prgagingtlads t he

respective fRk&ad ilAICRIREROgram slots for receiving the projecting ends
of the correspondi ngabl ades fromthe needle driver and the curved tab

cl earance sl ots FEGUREJShwswder viey, arrtially by sectiony of h@air wb oprositeyrdispased

20  blades illustrated in FIGURE 7, more particularly illustrating a blade bevel on each
blade designed to efficiently and sequentially engage the needle and selectively drive
the needle in the forward or reverée direction;

FIGURE 8 is a top perspective view of one end of the drive direction setting
plate component of the crescent, more particularly illustrating two sets of spaced-

25 | apart, oppositely-disposed, needle-engaging blades for sequentially engaging the
needle and determining the direction of rotation of the needle responsive to operation
of blade-positioning operating components in the operating device;

FIGURE 8A is an enlarged top view of the needle driver and the underlying
drive direction setting plate, more particularly’l illustrating engagement of one set of

30  oppositely-disposed needle-engaging blades positioned in blade group housing 110B
of the needle driver by the drive direction setting plate, for driving the needle in the
indicated direction responsive to operation of needle-driving operating components in

the operating device;



30 extensions on the needle driver in the crescent; FIGURE 12 is a bottom
perspective view of the needle driver, nore particularly illustrating the
two spacewoapaessscabl e nount extensions for attachnent topcratsh®si7efnot
illustrated) and mani pul ati ng the needl e driver by operation of the
appropriate bl ade control conponents in the operating device;, 7 WD

03/ 028544 PCT/ US02/ 31764 FIGURE 12A is an enl arged bottom perspective view

of one end of L he1GERE & Al 86 View Bf %ggg&sittguﬁ@%meh&é&@aﬁ@&glgga@fmwd

proj ection of the needle-engagi ng rough correspond ots in

t he needl e drivedirectiod pldteas illhsttatedeinddGUR DA phormarticufartyhidlustedting nount
extensions attached to the needlg driver for i .1 he needl.e 5 .drjver and
Che need! e SHTRETIEUIAT L oM B Rfatporiidishieh vl ieded s HEnPee givensy he
respective gfné digdction PRo) For diivirig Bk @BBIE f the oppssite@daeaionns ifdvdted; FI CURE
13 is a bottom perspective view of one end of the needle drive  direction
setting I afesPapivetaepraton ef ﬁﬁ ngedle-drying opgrating glements in fhepperatipgng t he
paral | el ogr ggisd.ots provided in the needle drive direction setting plate

for receiving 10 the ends of the downwardly-extendi ng needl e-engagi ng
bl ades from the HESURE %isian enlarger botimE pepsppstivandewrof engrendidfdhe neefle

illustrating,. | ecti N . [ rom
the needl e i omupy oAt Sl ool Be iR HETRRL e T Pl
setting pl ases fhooughsdotain thg neddde diietifer ahpghgeatient by codnespondihg spendigadni S
downwar extension of .a direction sefti ccess.cahl e extensj.on _.attached
Lo The b vieGmERiingriTa Seteioh ng g alate () THSEHRGS deBrih i SHuR o 1 ve
access cabl gf exdtRaorem edlet he direction setting access cabl e extension
for operating both the direction of travel of the needle and needle

rotation, responSIGERE]Oitan pilpged Bpftem persaeciypvispy okthe oppendafithy control s
0 the oper aLundiiRY| gk BRFrolddh Ltk Hok! ABABERARE) Misk O one end

of the drive direction 20 setting p%at unte el ow t'he needlFe driver
and i ncl udi emgagbmertiof ¢t doynwandly eextemdingtends abibe bladhewith ¢ respictivewalls or

setting,the diregtion of, rotatjaon of. the needl e and 1 Vin he needl e by
reans of cabf @erlsioRatieR® fblHaped Ml T Erdltn stbhdbRE KIS, onei on and
direction aﬁﬁﬁﬁﬁleﬁif@bbﬁtlﬁﬂ'ﬁﬂﬂ%r@ﬂ%onr%ﬁmgqﬂagvb& bladEHﬁh%nibérﬂpSnaltbi&t tom
perspective view Qf one en .the ive directjon, 25 setting plate,

needl e dri vEFmsAY 11 fhegperRt)s faysed 4%11191?152%@1%%5?0%%%? rﬁ&ﬂf@@%}he

conbi nati onpédgidistrated in FIGURE 13, along with one end of the fixed way
direction setting plate element of the crescent; FIGURE 15 is a bottom
perspective view lgﬁUREé ldparbemapactize view efshe ngedie driver mdIbrAriyg digpadiog wi t h

the casgyil Lé’fﬁﬁé’ gltaf%qn Igtho b %&r?ectigqﬁrrﬁorg iﬁxttf-cﬁfil‘@rillhystrating a pair of cable
mount extensions projecting downwardly from the drive direction setting plate and the
needle driver, respectively, for operating the needle driver and the drive direction
setting plate to both drive the needle and determine the direction of needle rotation,
responsive to operation of the respective connecting element control functions of the
25  operating device;

FIGURE 11A is a bottom view of one end of the needle drive direction setting
plate, more particularly illustrating the respective sets of parallelogram slots for
receiving the projecting ends of the corresponding blades from the needle driver and
the curved tab clearance slots for accommodating and operating the two cable mount

30 extensions on the needle driver in the crescent;

| FIGURE 12 is a bottom perspective view of the needle driver, more
particularly illustrating the two spaced-apart cable mount extensions for attachment to
cables (not illustrated) and manipulating the needle driver by operation of the

appropriate blade control components in the operating device;
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30 illustrating the dowmmward extension of the drive access cabl e extension
and the direction setting access cable extension, both projecting through
a correspwodiiegss4curved operating slot in the case and at trachsd2/suecabl es
for extension to the respective needle direction setting and drive
controls provided on the operating device; 8 WO 03/028544 PCT/ US02/ 31764
FIGURE 16 is a bott om perspective view of the fixed way illustrated in

FI GURE 6;

Hoctraied in PrCHRE 12 RahRUaEa RS et G by ot et dEecate |
needl e fi xedriverympre mhcmarlssﬂalmsuratglg @mmdpmmseniobﬁbmaﬂe-ten@gmg ve

T ot on o Pl S iitonting ST G the neRl Gt end e R R it atone o
setting pl abetheldableiniciingextenkidns GtikEhed 86 thkthebdlFdRerlBr dvihglBé 6@ALd | ve Vi ew
of one end of the fixed way myunted on the needle fixed wa Q,{thdl rection

setting Pl a@@verr?ﬁfiéhelee@Bﬂ&m“?mi‘g thg Sladss responsivieyp ppeIRtionpkthence st op and

range stop pé?&tfi@@omﬁceﬁl Bheiﬁéiow@éin&mmhébf,@rsﬁﬁg) vigtting plate, for
limting its travel caused by notion of the drive dlrecflon setting plate's

travel (not il | GEEVBESD)is auboaemeqerspmtng vigve ofipnecandiod theofeedistdatveon of t he
needl e; 15 F e_e xed way
di rection se[?lﬂr?g S%&?llnﬁtsp la%%xf 19&1;1\9&? F&lﬁg‘gﬁ@&l%}( ﬁfﬁ%gjitcp goth t he case as

illustrated panallﬂbﬁalﬁdz‘slﬁt,s pmyuch:d 1pmdneedleairﬂvy dlrbétmtsbﬂhgq@taforlramMnge
directi of notiop of the needle drive |rect|o ting plate with
respect ?é"o {}}?eengglggth]egpwgg tFWg“ﬁl ﬁ’éaéfeﬁﬁ St@eﬁslﬁ drixgsi t i on
to allow a IE ) A lsm&ﬁ)r@lpirﬁ@almwﬂmfstrﬁ gaddwmva@a ﬁfoﬁ&tlﬂﬂ%ﬂhﬁn{lé‘ t he
crescent; FI GURE 21 is atop view of  one end of the needle drive

direction s é@qeﬁ%@b}ﬂ extemsion|frogg Fheal@@rﬂe drven tiyomeh adirsteprved slot in ha dgve y
ilTustratin 1rE(9§>n S YRY fodl b é’rﬁtl fh%?]%écﬁ@ drl%ratFﬁnﬁéllllhéﬂa@edais down}vartdhe

count ercl oc WI se aFtl)ﬁﬂgnpng pos t| 0 respect to the rotation o
needl e i n thﬁeml@sc@fdlrectlofbma(z%ﬂ @bl extypsior rtpehed to/thevrieedotctione fi xed
way, di,rection setti . dtheflxed
vay i Gt oot Pt R afies fPchd PTpEHTTAccRY Bl celthiBy B uRRiens: |
illustrati ngetﬁﬁ@&%’eis}(:ablfe eikitAsion Earroperseing HothFth&UREctidd Af travel of tHelrRbdle
perspective view of the assenbl ed fixed way needl e .driver, needl ? drive
di recti on sé@ci pecglegoiatian.grgpopsixe 9 laaélerpb\}aporapﬁ%wpﬂﬁp%ﬁ opsfglingeontielsassenbl y
illustrat ediﬂﬂﬁeﬁ% dice30 FIGURE 23 is a bottom perspective view of one
I ed

end of the asse |xed
FIGURE 13A is a bottom perspective view of one end of the drive direction

20  setting plate mounted below the needle driver and including the fixed way, also
mounted above the needle driver, for setting the direction of rotation of the needle and -
driving the needle by means of cables secured to the underlying drive access cable
extension and direction access cable extension, respectively;

FIGURE 14 is a bottom perspective view of one end of the drive direction

25  setting plate, needle driver and fixed way (absént the fixed way housing 104A)
combination illustrated in FIGURE 13, along with one end of the fixed way direction
setting plate element of the crescent;

FIGURE 15 is a bottom perspective view of the combination illustrated in
FIGURE 14 along with the case illustrated in FIGURE 6, more particularly

30  illustrating the downward extension of the drive access cable extension and the
direction setting access cable extension, both projecting through a corresponding
curved operating slot in the case and attached to cables for extension to the respective

needle direction setting and drive controls provided on the oplerating device;



way, needle driver, drive direction setting plate and fixed way direction
setting plate assenbly illustrated in FIGURE 6; FIGURE 24 is a bottom
per spect iwe osioess4of the assenbl ed fixed way, needl e drivecrtarsd2/siicye
direction setting plate underlying the needle driver, which needle 9 WO
03/ 028544 PCT/ US02/ 31764 driver is seated on the fixed way for selectively
driving a curved needle around the crescent in a counterclockw se
rotational seque il i 0 ! f -t he
assenbl ed fi xed \Ez/ay, rll(g\/{ggbélé?lg?teﬁgggfsvtgt |Vﬁgf%lggi?%§¥‘%¥\§clffs\é¥a%?iléer and
fixed way, WIGHREHMe needle driver gripping 5 the needle and rotated with
the drive directi tti.n | ate on the fi.xe y fa rivj.n nd of
the crescent-s ha'gg@uggelgi légit(gq BFTRREt VS WEwW &b ?hecsjti‘"\é@ Waé’rlilgﬂ'fqﬁ‘?(# lﬂg;lgglglfﬁe;

FI GURE 26 i $6a perspective bottom view of the assenbled drive direction

setting plate, needl e driver and fixed way, wth the drive_ direction
setting Dl ate anHICHREBHS atonrarspeeiive dew of thedicedledixss vy dlirestiay setting

i1l ustratedpjfe blsFhERE RRy@Rhd difERHich Q@tiﬂgeﬂIQ?%ﬁé ﬂ@’caﬁ@ﬁlu@?ﬁ%ﬁx driver,

to a position for beginning a second increnental rotation o e needl e
into the crEKEURE &Gl ot; FIGURE 27 is a perspective bottomview of the

assenbl ed drive dj i . ] . . Fyver and.fixed way, nore
particularly ill g£¢§%?l 1%9% lgégéiéh{}?paep{lgér %\%/?B?S)ﬂ% g?‘g{)ﬁég £ é%gf%dr(lw%f rotation
of the needleedtionsettingpthtd filastttedm HIGURE i&n setting 15 plate and

engage t of th edl.e .by the need] e iver r anqgt her i ncremental
0ot %t e FIGRE'1D178 pbaecdy € ekt dob apd of fReried 47 mouRiadin e
per spect i vendddeyviadd wiledigeaen itk ?laievglo_elé ;imﬁ&dlmy ilmSikAtingth thpidhle, needl e

driver and fixed way, nore particu arfy illTustrating an additional
i ncr enent al citenge ptopapd range sigp pteyidpdrascthe red way driye gireption seting plafRd t he

needl e ar Ouﬁﬁllmﬁn%?&trﬁ&e?%%g@{l Rg%titoﬁ%P‘%&l%%ﬁ&ﬁ(ﬁf&ﬂh@%ﬂg% tlal &G 29 1S

a bottom perspective view asse ive directl setting plate,
needl e dri vBlustatdd)findettrmanng thh diredtiontafeotdtion/ef the neslld;on setting plate and

the need}l e drive en .revers and.t needl e rel eased .f or final
e oreht o Yo L o FIGOKE PR ENRY ook Uha bF fre SRt BxbEN T Rl Rseding

FI GURE 24; pglatcfhllGgRedid AIGURE DR disposedah thé easeae dhstrited @dFMEYRB 6! fokd ON
setting plate _aﬂd q ive directian setting_plate ghi dde({1 Ey the fixed way
direction sBAffHgly] L\lﬁ%&ﬂn erkwisfodieestian of metipp pt thangedle ABVe dEsstigndr i ver

and the fixggh ateWritHreb iRt fol th€ase WY seAMBIAE AL LRANEFEIBE pIRIEr S renpved
for brevity; FIGURE 31 is a top view of the fixed way direction setting

plate and dpesition B@lldiraseountsreledmisertdjrastion ef migtioniofthesnegdlgnn theer¢soentom of
the neegye drivep@HRpt Ik 5 Giew of one end of the needle drive direction setting plate
illustrated in FIGURE 20, more particularly illustrating the fixed way drive direction

plate set into a counterclockwise allowing position with respect to the rotation of the
needle in the crescent; _
| FIGURE 22 is a top perspective view of the fixed way, needle driver, needle
25  drive direction setting plate and the fixed way direction setting plate illustrated in
FIGURE 6, more particularly illustrating assembly of these components; '
FIGURE 22A is a bottom perspective view of the assembled fixed way,
needle driver, needle drive direction setting plate and the fixed way direction setting
plate assembly illustrated in FIGURE 22;
30 FIGURE 23 is a bottom perspective view of one end of the assembled fixed
' way, needle driver, drive direction setting plate and fixed way direction setting plate
assembly illustrated in FIGURE 6;
FIGURE 24 is a bottom perspective view of the assembled fixed way, needle

driver and drive direction setting plate underlying the needle driver, which needle
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way illustrated in FIGURE 30, further illustrating the increnmental novenent
di stance of the needle driver and the drive direction setting plate with
respect twotohmdsuked way direction setting plate on the fPicraomsyps 10 WO
03/ 028544 PCT/ US02/ 31764 FIGURE 32 is a top view of the fixed way
direction setting plate and the drive direction setting plate superinposed
on the bottom of the needle driver and the fixed way illustrated in FI GURE

31, illustrati i i i e i l.e driver,
Che drive drels KAREIRAL Bhof B AR <LReBR, BARE L ORGP heldiPurclS e’ 0 bl at o
5 with resperscend in heodnterelbckise rBtaGumRi s8fiense;a t op vi ew of the fixed way

direction settin e,and the drive .directi.on sett.in | at e superi nposed
on the bottom of gl(f%ﬁhe?eg}sea l?fﬁogle?er%ﬁ?amfwgeyioigl?f “WIF(?ﬁg%fW%’éfé@Fn Fl GURE
32, furt hler dirédti_@ﬁ'ﬁét@hig platd, heedlé gﬁ%%rp.ﬁﬁ igb(b@m?,fwmgalefdewe ARt grip hlgct ik0_n
setting ate w respect to the fixed way for determning the clockw se
10 dire iowedﬁeﬁs\lééﬂq? aot?tsé &’t"ilq‘cS]FF grpfedyr@tlmsqt%n%plewrvb%ﬂx WERETT | xed way

direction saﬁ{ziinganple@d F 1B Srck it HApYE nodlild BES i TreSBlrk SRR IsAufing HRGK! MPOSEd
on the bottom ol the needle driver and the fixed way illustrated in
FI GURES 30- 33, i FIGMREa26¢ isq pesspeetive tiottomeview o therassenaieddrivendirection ve

direction seffi I qﬂg ;8Qg { I i tewth
respect to %{ﬁf?%@a&f 1;ﬁ(l‘];ee?levvay e% ()Q[r?d fc;l;éverasjl’ngthEHé% gﬁ%%%p%:?l S%Eéetﬁrgl%gi&%eﬁﬁdn t he
crescent ; FhéddREArdkr revessed apdivécavn fibnt thet illusterdedria\FIGURE 255 and slet dcedlg pl at e
and the driv djrection,settin | at.e superi.nposed on,the bottom of the
oedl o W1 vieasoy s BRI BV TRl i BeTRRES comRimsgemanial Fe R

i | Iustrati ngfthBaeddl® o PRkdst@n sot; the drive direction setting plate and
the fixed way direction setting plate with respect to the 20 fixed way for

det erm ni ng t he EKIAREr2] Baasrpectieottomoviewof Hisagsentled driyeghrechpioURE 36 i s
an enlargedgtglp% L Fod}g, t Talel I . gdi rection
setting pl a%e, I?;lgé}fl\ill%gl mﬁﬁgﬁgﬁdfgﬁ”gﬁgkﬁgg%m{fgmgﬁﬁ ghé(g%stlgf,j nor e

par ti cul ar | sevetshluftthedirgetjon hératatmn df desrsedleritivépansithe dprodirettidnisettingle case

and the fix y. needl e di i settin l.ate. for.determning the
Mange. of mopidis AHenfREel O MERLRIEIR et Byt PRI ES MR Pespect to

t he case antbtatinrdfelicheedleihtoahe alesdendlot9f the needle in the crescent;
needl e driver, .the dri rectiqn setting

E ate E the Tix efj?@kgiw%i%@? bgﬁogmeﬁpﬁgmfﬂ e of e aﬁ#@lbﬁeicg@f'iw eSHPt ed i n
FI GURE 36, sdi®EplRR! hdedl dvieY ad fittAiwal hitge pAHBASIE NusRhting m3RAitRaas W th a
detent in the fixed 30 way direction setting plate for determnin
count er cl oclogreseental setationodf theydriveedigicHonpetting P&PG@ ektend themeedlg geound the
20  crescent and through the crescent slot;
FIGURE 29 is a bottom perspective view of the assembled drive direction
setting plate, needle driver and fixed way, wherein the drive direction setting plate
and the needle driver have been reversed and the needle released for a final
incremental driving of the needle back to the position illustrated in FIGURE 24;
25 FIGURE 30 is a top view of the needle fixed way direction setting plate and
drive direction setting plate (hidden by the fixed way direction setting plate)
superimposed on the bottom of the needle driver and the fixed way, with the fixed
way overhead connecting members removed for brevity; |
FIGURE 31 is a top view of the fixed way direction setting plate and drive
30  direction setting plate superimposed on the bottom of the needle driver and the fixed
way illustrated in FIGURE 30, further illustrating the incremental movement distance
of the needle driver and the drive direction setting plate with respect to the fixed way

direction setting plate on the fixed way;
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FIGURE 38 is a top view of the opposite end of the needle driver, the
needle drive direction setting plate, the fixed way direction setting
pl at e andwoDla/oessse, further 11 WO 03/028544 PCT/ US02/ 317@¢T/tish/8i64 at i ng
the travel relationship between the fixed way direction setting plate with
respect to the case to set the needle rotation in the clockw se direction;
FIGURE 39 is a top view of the needle driver, the drive direction setting

late, the fi di tion. j . i ted i
Pl GURE 36, rore. SISENETYE R RRUSFbEMP R BhF a0t BTt mdBERRMEY, |
t he count er directionissttindipiate superimposddiomr the pettdm b tHeheedlageayerdan@BURER AL | s a

bottom vi ew of .t he cres nted in articul ating ball 1d .. socket

ol att onshi 5ot Rd R FROURE A e pedratmaudl BR%RE wedfipdng the
extensi on  hedige éridcptHE BEvE digeBtibh @et’tiﬁ%ﬁﬁfé &l tBe fiketbway Wirédtioasbitigy phikd on
control cables extending 10 through the extension tube to the crescent at
the bal | 5 an¥ithgeswpsst thshiixede¥aben the crescent and the transition guide

cone: Fl GURE 40Agi t 9P;:.an ' ' ' and
FIGURE! 9Pis¥d fvfe@s%ftﬂlﬁ’ @%@5 U eMioB e Fﬁ{hﬁ gxﬁegf}e @At

ext ensi on tube nount |I?jtjstrafed inF 4%, nmore part
i 11 ustrat i ndiredtion spitiag platesupgrimiposed asrthe hottdm phtheagedn drivier amddipofixed of t he

curved need hr elely ph ol .ac unt n_one end of
the or esoentey SHEL I ARURE HATHHE hisidy Y BETRALRIY 36 BRI
per spect i vedireciongétting platy with cespadtus thedixed avayrot détgrntiging deelackwige devi ce
il ustrmed in Fl GgRE§11-4,. more particularly illustrating typical cable
arr angement Q‘r%%"élﬁ’. PH ‘ffﬂt%lﬁ’é‘h the transmi ssion tube, the extension tube
and 20 the transFiGOREISM fa tepRRwW 1AL HRE WY BiredtdntsBfing phts &1 the 1AVe
articul ati ng. the crescent on the end of the transition guide cone and

B

cont rol | i ngdisprtioaseiting plate siperimpased aarthe bettorn pEthemsedp drivieriapd thg fixadt i on
set1ing bl abgy alihs if FIGUREBoNS! AlkirpthedRl ORI hiddbh B afe! eScent
“the hardl e 0

FIGURE 42 is perspective view o _ el enent the operating 25
devi ce i | | udtivadiesttionm s¢Eitplas and4he fimedewmadiréctioh aetlipg platersith adspe td he

handl e i gger housi ng and cradl e el enents he cradle of which receives
t he traLgsm glseiﬂdﬁdm??r1%?/?@1&%{?%&%1&06#8%@?gnnqme Fe 43 is a perspective
vi ew of the handFEGWREU3S isattepl view &l thtRiediway ditédtion iseinp plasé &@l thetidaved to

facilitate nultiple posjtioning of the transm ssion tuhbe 30 (il]lustrated
in phant om Hﬁeﬁﬁlﬁpéaﬂp&pwreswrawpeﬁedﬂndww Pgﬁ’& nﬁ@h@ﬁ@&?ﬁa&é(tm #6dof t he

handl e, craghg iifRfald@ s FROIUREBRO-34DAlriheF hudrdtthg tht HRAITRLHBE ofHd drivenal
rotation of the housing, cradle, and transm ssion
direction setting plate and the fixed way direction setting plate with respect to the
20 fixed way for determining the counterclockwise direction of needle rotation;

FIGURE 36 is an enlarged top view of one end of the needle driver, the drive
direction setting plate, the fixed way direction setting plate and the case, more
particularly illustrating the case bosses and detents provided in the case and the fixed
way needle direction setting plate, for determining the range of motion of the fixed

25  way direction setting plate with respect to the case and counterclockwise rotation of
the needle in the crescent;

FIGURE 37 is a top view of the needle driver, the drive direction setting
plate, the fixed way direction setting plate and the case illustrated in FIGURE 36,
more particularly illustrating engagement of a case boss with a detent in the fixed

30  way direction setting plate for determining counterclockwise travel of the needle with
respect to the case;

FIGURE 38 is a top view of the opposite end of the needle driver, the needle

drive direction setting plate, the fixed way direction setting plate and the case, further
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tube with respect to the handle; 12 WO 03/028544 PCT/ US02/ 31764 Fl GURE 45
is a perspective view of the handl e, housing and cradl e conponents of the

oper at i ngwoasioessg4 further illustrating pivoting of the cradirasansics
transm ssion tube with respect to the housing and handle; FIGURE 46 is a
top view of the handle, cradle and housing conbination 5 illustrated in

FIGURE 45, with the transm ssion tube renoved; FICGURE 47 is a side ,
sectional vi : 1 nes ] i ng.4.n Fl GURE
16, rore partEra Ty oA e e e R R R ket
conbi nat i onrespentt@theicase thaetthedécllamthtioous theglodkedssabitactied;y; FI GURE 48 is

an enl arged pers i view of. a t.rigger, and sprocket..gear 10.en enment
to drive a sprocgﬁﬁgéa?ﬂ‘ﬁ? QR YiEY SH g eerlls drven e aTvg dﬁ%ﬁ“%ﬁ? e ae,
i |l ustr at edthe fixel WadyRIaSctiar itindp1&IREd 4 dase MupeatePBCFIGURE B8Winfke t he

trigger and upper teeth provided gn he trigger for engaging.the sprocket
gear il |ust Patisdasly liystrajae m@eimda pf @Fﬁaec{lﬁgl tﬁg SPyRRIslockwisg %ﬁg?tw@ to

mani pul ati ogi@frediagt tbihd98s;; 15 FIGURE 50 is an enlarged side perspective
view of the handle, trigger, housing, cradle and transni ssion tube nounted
in the cradl e; FFISQIRRESH 15 g batiomview ghthe crisermtumeuntest intantécubating ball and i gger ,
cradl e and .85 | I Jcularly
CrroLe, and A MMESAER i LR DRSS BPGE RARGOFLI 7Y
t he housi ngtubedxfeading ifmn thg ttahemRfios pubecwéth attulatigagentaolrcablepextemdingn 1 nput

col | ar i dabl unted.on th ransm ssj on ube; FIGURE 52 is bottom
per spec éve%?‘é}ﬁg? e’ftﬁ%SI?fhWtho, rcfed@“é’? ,aé tﬁ‘c’)ﬁ@ﬁ ﬁ@‘féoc ?tdﬂ?‘@tiﬁ‘aveﬁ Sni ssi on
tube el enentgssht dddehe @¥hsigon gdEcaRf ticularly illustrating a typical
trigger clearance opening in the housing; 25 FIGURE 53 is a side sectional

view of the tri g§EFUREr 4 &8 2 topapd kient pasnechyriview pf dracsescedfimBinat i on,
R L i O A b s L L
di sengaged positontimgosplengthef thread on the GuRpOiBYof the aursedineedbecandarthteadi ew of
the tri ger . creadelntta SJSIele ket geans anderl 0 rcpecgeg Oclonpi na i o} [ er faced
w th tnerelrfhdinlioe BT g ERAATE eag Ot RECRIGE! K SRR AR sl ar.
slidably nothette@adn the transm ssion tube, and the trigger engaged wth
Lo SProckel gear o bl U oE  shedive iSSP SR bl S kg 99°"
operating device illustrated iﬁ FIGURES 1-4, more particularly illustrating typical
cable arrangements extending through the transmission tube, the extension tube and
20 the transition guide cone from the lever to the crescent, for articulating the crescent on
the end of the transition guidé cone and controlling operation of the needle driver, the
needle drive direction setting plate and the fixed way direction setting plate in the
| crescent;
FIGURE 42 is a perspective view of the handle element of the operating
25  device illustrated in FIGURES 1-4, more particularly illustrating the handle trigger,
housing and cradle elements, the cradle of which receives the transmission tube,
illustrated in phantom;
FIGURE 43 is a perspective view of the handle illustrated in FIGURE 42,
with the housing rotated to facilitate multiple positioning of the transmission tube
30  (illustrated in phantom) mounted in the cradle;
FIGURE 44 is a perspective view of the handle, cradle and housing, more
particularly illustrating additional rotation of the housing, cradle, and transmission

tube with respect to the handle;
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sprocket conbination interfaced with the respective operating el enents of
the 13 WD 03/028544 PCT/ US02/ 31764 reciprocating input collar slidably
nount ed owotoh@2¢sskansm ssion tube and the trigger fully pelcrasor/si7sot at e

t he sprocket gear and sprocket and slide the reciprocating input collar on
the transm ssion tube; FIGURE 56 is an enlarged | ongitudi nal sectional and
perspective view of the 5 transm ssion tube and the internal

need! e- oper at | N EfGPRES 43 SPLACKAI vibl FUR hanHRCHARA/IARGIA ed by t he

trigger; FlIGURE s a se sectional vieWw e transm ssion tube
and the i ntempaientsalflthsommnalingrdeyiyes furtbehitinststmg pemting of the dridte and gger at

the reciprocating. ipput .collar tq, contrtol edle rotation in the crescent
i|lustrat ed%riaﬂS ?%Eggé‘f‘&fﬁsﬂéf:&%geg@sﬁg @H%& foded view of the lever and
| ever cabl e supp@IGUREN46 5ak0p vcss enthe Yaddle, craié ad asusing colidiakieacent on

the end of the extension tube; FIGURE 59 is a bottomview, partially in
secti on,d of Hustrated sy EIGIIRE 4g, With the teansmpssiondpbe 1e819edd on t he ext ensi on

tube and seated FRGURE PE/ENdd Sclibifal ¢1ets e&Rh alond e UBUSUH tROn IR £lser r ed

cabl e network extending fromthe operating elenments or 15 conponents in
the transni beusing AIEURE 46t merd parecularly dipsisatiogta neadletoperatiog origgehend

extension t rat e edl I | V j Lon plate and
needle dire rﬁg%?g%@gﬁgﬁénnmkﬁrge@%e@g 21%? <;§1¥: éﬁ?ﬁjﬁ%{%ﬁﬁs&%ﬁg ftomview,
partially 1 n secFIGUREO#S ishan emkirgsispenspettiNeeviamdf a tiiygzee nmb speodketipesant ed i n

articulating relationship on the.end of .the t ensi on tube Q.illustrated
" 1 GURE 58eeare TATHE & SRioprE oY T latong T i Feedy i fandfe TSR at | ng
the cresceninh MAURESapast to the extension tube and illustrating the drive
access cabl e extensions and cl earance tunnels for connection to the
operating conpoREAYREQfI ispesipsetive vigw @b thedagm and pppatestly providedoad| e

cone. and spagereEst o e b ek fachy ARGATR FIURE o4 A A oo
j 0i ns t he t sEmeket sespamsivetbenanipul diwnefiteatsigger; t ube and narrows the internal
cable 14 Det vk al SO bR R e TR PR . TS5
t he crescenhousny)cadld dhdarahémgishian itutg melméd ankdieqdien t he transition guide
and more part i cuF PV S befFRlreEh BAE N Shbernee FEeb et wth
][ espect t0 LRRNBIGNELE Withtheholk¥h MR/, %br@ﬁar?ic@l@flzlz{éilﬁfsfrﬁ&x@ gaingtendi ng
romthe crescent to the lever illustrated in FlGURES 1-3;
- the trigger through an opening in a base member of the housing and positioning the
20  sprocket to engage a reciprocation input collar slidably mounted on the transmission
tube;
FIGURE 52 is a bottom perspective view of the handle, trigger, housing,
cradle and transmission tube elements of the device, more particularly illustfating a
typical trigger clearance opening in the housing;
25 FIGURE 53 is a side sectional view of the trigger, cradle, sprocket gear and
sprocket combination, interfaced with the respective operating elements of the |
reciprocating input collar slidably mounted on the transmission tube, and the trigger
disengaged from the sprocket gear;
FIGURE 54 is a side sectional view of the trigger cradle, sprocket gears and
30  sprocket combination interfaced with the respective operating elements of the
reciprocating input collar, slidably mounted on the transmission tube, and the trigger
engaged with the sprocket gear;
FIGURE 55 1s a side sectional view of the trigger, cradle, sprocket gear and

sprocket combination interfaced with the respective operating elements of the
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14 WO 03/ 028544 PCT/ US02/31764 FIGURE 63 is a side view, partially in
section, of the crescent, the crescent socket provided in one end of the
crescent wod3swbss4cooperati ng ball provided on the transitPcarusgusddes cone on
t he extendi ng end of the extension tube and seated in the crescent socket,
nore particularly illustrating a typical cable arrangenent extending 5
through the transition guide cone to the crescent for articulating the

ft ioer S . : : STV
seoti on. o "Eisblihe AT ONR gLy Rd hinAralshiiotliilbe BB et T e
crescent andultynmlled opmtatt thegsphaktt geaoandipdodkat drddeslide #teandprogatiipinpdt t he

transition gul:lde one on.the extension tube and seated in the 10 crescent
socket i1 u5PHaPBANS RaNSIESSIB RS ore particularly illustrating a second

articul ated posi FIQUREf56tiH8en eflesee MrgithdisiRechdhal andpersitcaldtidwRisdect i ve
view, partially in section, of the external and internal conponents of the

needl e df r eEaRsHHsHRR tyhe and thednternal Beedisconspptingirablgp apdhsnragket Biggehent s
nount ed on 3 1SS} f the operating device; 15 FIGURE 66 is
iEhihESpast 07 theioReft

an enl ar ged sectio view of the external and internal
conponents of thEIGUREH iina travtversesectinal vt of tedmnsmission talpeandttherg

conponents of the erating deyi,ce. illustrated in Fl 65. FILGQURE 67 is
anont ar gec e eBRF Rl Rt REER R PSTAOR fecfpde e profaiE) o
conponent s ﬁiput tladto @etrobieed i roaation imthd ckddeers lillhdaadiid ETGORErsst i ng 20
conponents of th rati.ng device illustrated in FIGURE 66, with the
directi th act ua{g g%ggsﬁgtlf E’ép\i?‘if’da‘ﬂe‘ﬁpf é}eﬁg\fqr PUFFC‘F’%F&PP%W gur ati on;

FI GQURE 68 i gholint 45869 tSEmSRHl1a@RAhe ttQ¥er® bn el AR ®:3&IsA thbke, taken at
the direction actuator, nore particularly illustrating internal elenments of

the | ever mechaBRIGURER] i ibodem véaw,partipdly i sestiongfdheeresaent and thee
transm ssi o X LS o 1LV e: Vi r boss
el enent of eé&ﬁlﬁ?aelc PE%@%P%{%& Eerﬁmggfs?\g& r?bsﬂggggémg%&{etsﬁgh%%g%égti ve
vi ew of a damdmtcihudmgaprefeotd naple netwekleesariding fromdhe operatotg edemeds ot or

assenbly; FIGURE 71 .i front. view of the di,rection connecti rod el enent
1T st r 14 eceomepnentsin Bgenpgissien aifed as i R Bl of JAF Gkt s o

reci procat i eftehsiitifube ahd ederft eivaiRbdleldrivee dridé dieettion Plade indbricetleatieetidn Y,
FIGURE 73 is a perspective view of a slide switch nount body el ement of the
slide swit chlatiafes¢ressent he operating device;

FIGURE 60 is a bottom view, partially in section, of the extension tube and
the crescent mounted in articulating relationship on the end of the extension tube
20  illustrated in FIGURE 59, along with a typical operating cable system for
manipulating the crescent with respect to the extension tube and illustrating the drive
access cable extensions and clearance tunnels for connection to the operating
components of the opérating device and operating the needle driver in the cfescent;
FIGURE 61 is a sectional view of the transition cone and spacer ring elements
25  of'the device, which transition cone joins the transmission tube to the extension tube
and narrows the internal cable run between the transmission tube and the extension
tube;
FIGURE 62 is a perspective view of the extending end of a short extension
tube and the crescent mounted in articulating relationship on the transition guide cone
30  on the extension tube, by means of a ball and socket arrangement and more
particularly illustrating articulation of the crescent with respect to the extension tube
by operation of a pair of cables extending from the crescent to the lever illustrated in
FIGURES 1-3;

14



15 WO 03/028544 PCT/ US02/ 31764 FIGURE 74 is a perspective view of a forked
transm ssion rod elenent of the slide swtch; FIGURE 75 is a perspective
vi ew, parwDaBlogssus section, of the needle direction actuaCerusemsitani sm
slidably nmounted on the transm ssion tube and including a set of 5 cables
extendi ng through the transm ssion tube and around pull eys nounted on
inserts provided in the transm ssion tube, for extension to the crescent;

oo et e 8 SPIGURRA ¥ Seied B SH Lo, dfithd s ssenbl ed

for mounting in nsm Ssion Ive ca e an Irection
cable ext es@tiklagpmwidudlm oﬂaeendeﬁ}ﬂmodrescentpmﬂItlw@operatmgbalhpwlvtdsd oilx@hd:I GURE 77

IS a perspective V|e of the in at ed

1 st rac ) ngeBH g Eonsah s SN dne eef SThE PHERIOP he AR trefan s e
particul arl ¥reséednt stsekeriohd dp&ﬁ&ll&l)silm'&@atfdgra thpieell dablethriahServétt eRteRdiff €SCent
artlculatlon cabl es exten t hrou the transm ssion tube; FI 78 is

a perspett i Eoughdiie gangitien gtﬁg%ﬁctne t) Lthq @sscamdoratrdating the geesesnt to a fisst

illustrat ed b{iu&l GURES 75 and 76, extending around the pulleys and through
the insert slotsS inside the transm ssion tube; FIGURE 79 is a perspective
view of a sel ect FEoUBEA4ii lﬁg Stdha/uevc@@{t@ﬂlatnesemnmf théreresasnte thejdrésgerttr at ed i n

FI GURES 1-3 illus Cl8SC r ion.ca d in the
sel ection b%ogcrk |gt 7ot eﬁ& gtoef?%'p&égsa rlﬂghdgl#é %%ngrfu%galﬁﬁrgviﬁge cgl}ﬁ es and
20 arti cul atetending em(bstthatraﬁsiltlcbm@ldae(tmmahe éxxaeslcrmbeaﬁd seateddn teeni pul ati on

of the | ever Fl GU ve view t crescent cl ose
proxi ni i@ tSYeF?eélE%ﬂéFEEtt ﬁ“ﬁﬁ@t@f‘ﬂ:ﬁ@&% é“oﬁaPi‘m&@PQY B@‘SFF"P%Q ?e:&PP‘ﬂg

oper ati ng ofrtichRtcdRRERbh RO tHEYeseentand crescent to suture the tissue;
FIGURE 81 is a per slBectl ve view of the crescent illustrated in FI GURE 80,

25 illustrating HIGYBRESSizan grlaigsd pemspestivaiiew, paitiale it sastioniof ther ead
typically centaneshdfterdal ‘éorﬁyéﬁ/eﬁfé &%&@é@&lw&tﬁﬁ&%ﬁ thd Gl TRACh N9
ation

device during a suturing ope I's a perspective view of the
crescent, i bperstingatonmmpnentp nefueteded therranspussain tube of thelopetaingdelicd; | ust r at ed

D FLOEE B0 10 B d0RR 0 SREBbHEN Bpab kbl ol ELpRani g >

i ncrenmenti ngltdﬁmidbmpoﬁérﬁlﬁﬁh8alrbaloa apﬁfafomaﬁd theslide ewited operatitigur e knot
illustrating the knotting hs of thread to attach adj acent
segnents of CQTPE%II?@tSd%frﬂPWeFWé‘gQGYIG?FIH’QUHF@)H&ELGU%% Ag the crescent; 16

FIGURE 67 is an enlarged longitudinal sectional view of the external and

internal components of the direction actuator and the slide switch operating
20  components of the operating device illustrated iﬁ FIGURE 66, with the direction
~ actuator positioned in an alternative functional configuration;

FIGURE 68 is a transverse sectional view of the transmission tube, taken at
tﬁe direction actuatbr, more particularly illustrating internal elements of the lever
mechanism and the direction actuator located inside the transmission tube;

25. o FIGURE 69 is a perspective view of an actuator boss element of the direction
actuator assembly;

FIGURE 70 is a perspective view of a direction connecting rod element of the
direction actuator assembly;

FIGURE 71 is a front view of the direction connecting rod element illustrated

30 in FIGURE 70;

FIGURE 72 is a perspective view of a reciprocation input collar element of the
direction actuator assembly;

FIGURE 73 is a perspective view of a slide switch mount body element of the

slide switch element of the operating device;
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WO 03/ 028544 PCT/ US02/ 31764 FIGURE 84 is a front perspective view of a
preferred enbodi nent of the thread increnenting accessory that handl es and
i ncrenentwotod@24sid ead in the cycling suturing and knot -t ycmgsdesizee of
this invention;, FIGURE 85 is a rear perspective view of the thread
incrementing accessory 5 illustrated in FIGURE 84; FIGURE 86 is a side
view, partially in section, of the thread increnenting accessory

Lustrated in PRRRR B A0aBRin NN, Fhrkd) A BRBRLBA RO
parti cul arl glidd swisdht at i ng rmuntl ng of the thread 10 increnmenting accessory
on one end of th FIGURE 88 is a.top view of _the ¢ cent el enent
of the cycling shGPRRG Hhd PeTRBEIEyIST, PABIZGN SGRHDR Qffee Roslezirection

i ncr enent i N@cagELESMHNiHPUMaBE RBuRBPoeiM trahfiflssivh tubding uﬂaﬁchhg wk@rdry
illustrating positioni lgjof a length of thread extending from the needle

in the c?esé&ehes extendingthrqugh ﬂ!ﬂ#@éﬁnﬁsmﬂr%%ﬁtdi Founddlsypmpuntad onfinsetigh a 15
Lissue subj gafidkg 1H§}Selﬁéhrshﬁgglon%ﬁé)tfoxie$téﬁﬁi%ﬁ%{h%rcré%terfthe thread incrementing

accessory; Is atop vié crescent I1lustrated in Fl GURE
88, with a thr eEbGURrErErmatseqt@na]cnewwﬂyc ihgrtznddpdley eassmbdy cisseinbl ¢t

crescent and_a |l engt t hr ead t endi £.om edl e through both
Chread i nor Srnpiigedn e bihEEn T B gk a5t fhRLS" 20

FI GURE 90 i sxtendingarovad tieatgectiveuliels inte iRegd i ncrenenting accessory
illustrated in FI%JRE 87;. FI GURE 90A, |s¢]a si de s Ctlogfl view of the thread

! ncremeﬁ?! ng accEXGHRE 77ip pperspestivg vigy ¢ thepasesgiliustraied infIGHRE A6 t hr ead
I ncrenenti ngng %é’ of fRe PEIKyYsBhour® @ ihitcaHI B thQBin a4a nﬁlr@ﬂﬁﬁc&gﬁy' s a side
sectional view of hread i'ncrenenting accessory | ustrated in Fl GURE

90A, with tﬂblsa'étmsa&tablﬁﬁlcpis fraeqeiing thertaaigus @cmmoﬂrswumqm qables gxtepdingg of
the thread,; e sectional view of the thread increnenting
ofeh U 895rhiSeidh S . |

accessory S 90A and 90B, with the actuation plate
i ncrenent ed 30 r EXGUREdI8)is a\peﬂspeoyiwhm:qufthé irtshie, fullep and cdbll CGiRingghents a

o FoUbE offielredin ERtlRhs 25 g Py aler e g he fwESS 53 Mgt 1 ab. and a
E?;—?} Esgg?gig{ggﬂ@loiﬁnﬁlhétﬂehfaﬂﬁﬁlsblﬂﬁrtﬂf&nt| ng accessory; 17 WO 03/028544

FIGURE 79 is a perspective view of a selection bearing that cooperates with
the lever illustrated in FIGURES 1-3 and illustrating crescent articulation cables
~mounted in the selection bearing to facilitate operation of the lever and the cables and
20  articulate the crescent on the extension tube responsive to manipulation of the lever;
FIGURE 80 is a perspective view of the crescent in close proximity to tissue
to be sutured, more particularly illustrating operating of the operating device and
crescent to suture the tissue;
FIGURE 81 is a perspective view of the crescent illustrated in FIGURE 80,
25  illustrating a preferred manipulation and incrementing of thread typically centered on
the curved needle using the thread incrementing device during a suturing operation;
FIGURE 82 is a perspective view of the crescent, illustrating a preferred
manipulation of the thread illustrated in FIGURE 81 in a looping operation to
facilitate stitching the tissue while using the operating device and crescent with the
30  thread incrementing device;
FIGURE 83 is a perspective view of a suture knot, illustrating the knotting of
two lengths of thread to attach adjacent segments of tissue during the suturing process

using the crescent;
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FIGURE 92 is a perspective view of the housing and base el enents of the
thread increnenting accessory illustrated in FIGURE 91; FIGURE 93 is a
per spect iwe osioess4of the thread i ncrenenting accessory nowallsonsursd ng
elenment illustrated in FIGURE 90, nore particularly illustrating 5 blade
recesses and fin slots in the novabl e housing; FI.GURE 94 is an expl oded
vi ew of the novabl e housing and actuati-on plate assenbly of the thread

i ncrenenting acc , i ar Ly lel ! si on of
mul ti pl e bl ade tgﬁgfe{%%ﬁg%ﬁl&g&? R%%%h%clé%‘r’vedsfgﬁ%ﬁ%d C lé%(lrhglﬁrétgaﬁt@?es in the
movabl e houslireay inordmtehtingigivesshey thatrtentlet ant morenwntsshe thréddan dlot eyatingn pl at e;

10 FIGURE 95 s a rspective .vi ew, of. a typical thread-engagi ng novabl e
bl ade for ﬁ‘étgnfl%a[?‘ﬁg“{% 188 eYlﬁ%PQ{HEr}PYW&j‘Xg’ccessory illustrated in Fl GURE
84; FIGURE 96 i SFEGURE!SHs peés peshective @few Sfxha trewmllincremihtiigeadcbdsisit r at i ng

the tab of ,iﬂge ngvabl e blade to the parallel ogramhole, nore particularly
the tri anguilstrated JeFFURERS: t ab at its |ower end where it contacts the

angl ed wal |l of tReGPREHG i@h@gfeavﬁ@\waﬁ;au%% §dbIRE 10k dd@ndERASSRR Of
i ncrenentor bl ade tabs extending throu parall el ogram hol es 1 n"the

novabl e hous¢asgpornillisivated pr MGURES 84 and B needl e thread; FIGURE 96B is an

enl arged di agra i1l st r. I : 96C is a
di agram of the grgf}jléﬁpgéoﬂ?%té}g&ré ?ﬁ‘get‘f‘%;é%?a qu%%?%g%g@‘ﬁg%gr Eﬁl hol es
bef or e cont #dbistrated isFIGIRES i84-86| fadkbEpatdilarlyl illustratmiginiguntiap bétie thieed ween t he

bl ade t 5) and angl.ed wal | of parg@%ggr am hol es whi ch has caused the
bl ade t 0" be HFFTHBRAFESINE O RPR @6HEtt it; FIGURE 97 is a side

view, partially FIGERE!§830a t6} vitWI Y @adenttdntdtit Of ilRGyclagCREFRHp)and 0T €
particul arl ignl | lustrating handling of a |l ength of thread extending from 25

tissue whi cknotsyingidgrics vdithithesergpdincrementing acqspsony mopsted gnopeertr ead
end of the By B e o B o R e e
of a hook/ utiitoskdld@viheerqsogit; thiughl therthread owecentingacesssary andthroughscent and
B2 i RO DSBS iy SRR RSB RELTS |,
FI GURE 98, nor eFIGURE®I!igk op vibwws thexdrésognténgagesdan FIGURENBS twilead by the
PCT/ USD2! 31454 RereDRBanser S0k 1R SHELERD e PEIE STERT BELh JP8g o m rmor e
particul arl yhread extending from the needle through both thread incrementing accessories and
through tissue to be sutured; ' A
20 FIGURE 90 is a side sectional view of the thread incrementing accessory
illustrated in FIGURE 87,
FIGURE 90A is a side sectional view of the thread incrementing accessory
illustrated in FIGURE 90 illustrating the thread incrementing accessory in neutral
configuration;
25 FIGURE 90B is a side sectional view of the thread incrementing accessory
illustrated in FIGURE 90A, with the actuation plate incremented forwardly with no
gripping of the thread;
FIGURE 90C is a side sectional view of the thread incrementing accessory
illustrated in FIGURES 90A and 90B, with the actuation plate incremented
30 rearwardly, with gripping of the thread;
FIGURE 91 is a bottom perspective view of the thread incrementing accessory
illustrated in FIGURE 90, more particularly illustrating an access extension tab and a

cable connection in the thread incrementing accessory;
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illustrating severing of the thread by forward novenent of the
grip/cut/eject blade through the access slot that holds the thread in

pl ace, aswolBostsrated in FIGURE 99; FIGURE 101 is a perspeatisem3vieew of a
receiving arm illustrating retraction of 5 the grip/cut/eject blade and
preparatory bl ade slope into the receiving armand into the thread access
slot to alternatively eject the thread fromthe slot, in lieu of cutting

(he, o202 | AR B ELEVER 00 o EL LI, P oRuBRL AR Ve o

partially in section, € receivin “h FI GURE
98, att achethrtal iacleniesiingacasbosillograedini RIGRURBI%Unger di scs 10

(illustrated in for manipul ating.the various el enments of the
receiving arm F?@% aipgrsge%ig(pglf&?ﬁbgngaé@ngrpmgnp%@cgqsg@/ arm

i 'l ustratineghohblgMoBHhg elefehtfiBustRSRIBE HIGERETIE Shofd pktfouldrlyAiRFEraldg s a
side sectional view of "the receiving armand operating elenents, nore

parti cul &r | Plade regsssenendiin sIRts in EheamP APSIUSHE ween the grip/eject/cut 15
bl ade el enent angyhRp ﬂg@rmgggaaéagviw%@t&'frﬁmﬁteﬁmueﬁlg%m 28881 fIgOK

device; FIGURE 104 1's a pers tive view of the palr recelvirng arnms in
t he hook/ unssemblydefithe threadiind¢rembetingere¢ssonyg nzorepattioclatly dlustrattigthe proxi mty

to tissue being sutured d,t SUt Uk thread, for. mani pul ati.ng. t he
hread | nt o CRevTR PRGNS &5 BGiad Broy2h 3P R onfliplR ety Shoifin
receiving aﬂfé&nl iﬁﬁab_le{l%ubﬁ@bhdlﬂh@ﬁ%hth?@aﬁﬂ&lbg?m hdlessinrthé ﬁdudtir’(]bnlﬁﬂﬁ;’RE 104, .
nore particul ar | str.ati ng engagenent of. spective thre egnment s by
t he a.rmk and f ur FHeY iIBGPS‘ESP?FQ‘VF%@V‘E‘I’ff"’gtéfﬂlcéfg;tgfféat?ga@%g W@;g‘? Elri‘g? in the
suturing thggade if&%gadlﬁ%@reh&nﬁn%ﬁcéﬁsgtmm&m«;&w MGURIEg4ecei ving arns
illustrated in FIGJRES 104 and 105, nore particularly illustratin

addi ti onal mani pilGQUREP6GS abpttom psrspectiviewif Hig agtuation platd iffusteating flee tabhof i n

t he thread rj han. - j i e Vview
of a pref er?lteéd41 %gﬁﬁeﬁkﬁéﬁgﬁgﬂ?ﬁé%ihﬁ%’ oh%tlﬁg?&%{h%é%%ﬁ%@ \efvi ce,
wi t h a recetheitalpatatsioext @xddiinge ft comncs ¢hecangledfwdlhef théiparsileiggramiimle; n

engage t with th of . .the thread for i.pul ati the thread;

FI GUREmiSS is a B@B&%A}é a\ﬁlaegﬂfnﬁgmcfeﬂﬁn%ribﬁg@é&si% ngglﬁ tF’I‘?BglP}ousi ng tube
30 i |1 ustrapadilélbglan@dREs ih@He mBPbee RASsingGH cRise Proximits td @k nbgilé theeddnt er nal
conponents of the housing tube and the recejving arm mani pul ating el enents
attached to the ﬁkﬁiﬁkﬁéé&lﬁ%emmeﬁﬂ%ﬁgmaﬁh@d%%bIH@%@FGMEI@UR@.Q FI GURE

109 is a pepgRective view of a unidirectional device of the cycling
suturing and khot-tying device; 19 WD 03/028544 PCT/US02/ 31764 FI GURE 109A
is an expl oded vFEWRE 9%Cunndiageam pbHihalbladevatcidlustratingttheitabdnd n

20  parallelogram holes before contact illustrated in FIGURE 96B, illustrating contact
between the blade tab and angled wall of pérallelogram holes which has caused the
blade to bend in toward the thread and contact it; ’

FIGURE 97 is a side view, partially in section, of the thread incrementing
accessory, more particularly illustrating handling of a length of thread extending from

25  ‘tissue which is sutured and located in close proximity to the thread incrementing
accessory; A

FIGURE 98 is a perspective view of the crescent end of the cycling suturing
and knot-tying device, with the receiving arms of a hook/unhook device positioned in
close proximity to the crescent and to a segment of tissue being sutured, for

30  manipulating the suturing thread;

FIGURE 99 is a perspective view of a receiving arm illustrated in FIGURE 98,
more particularly illustrating engagement of the thread by the open thread access slot

in the receiving arm;
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FI GURE 109, nore particularly illustrating the fixed way/case, the driver

bl ades and connection nenber nount and the crescent needle; FIGURE 109B is
a perspecwbwa/oxdsew of a preferred di scontinuous-tooth 5 peralsomsizpd ni on
gear for driving the unidirectional device illustrated in FIGURE 109A;

FI GURE 109C is a perspective view of the unidirectional device, wth the
needl e in place and ready for increnentation around the fixed way/case;

FIGURE 109D is a I | . . fix case, 10
illustrating an g?@% 0 tI%gpgﬂiSﬁ%&g\%\é’yQﬁ?%&%%@%%%ﬁ%&ﬁp@#a&ﬁber spective
vi ew of theilappatng sverink of the theedd byefdrwmmyd noaement oftthe ghip/cetigedt bladst r at ed i n
FI GURE 109D,, further il uyst atir11 n.,array of the fix%g. \iy? H%:Eﬂggﬁes; FI GURE
T09F 15 a pUreBRLPE geress i bR nelaBr PRl elferviitbid e FOWRE R ng 15
the three, space@i@ORE!1(d ¥ Pérspause m“b&m&iwag@hﬁmm&rm r&PRAeE bt 0N
menber and fitted with driver blades and a bevelled rack; FIGURE 109G is a

bot t om per s fsEriN@tgiestblade andererastorydtade sdpneviato, the recpiyingrasmenadiinto thesURE
109F, nore ' 8 ' 1 af i . g%ﬂ%] His a
bot t om per sgg%%dl ?\f/cgéssiSLogvtdo%I{efyﬁ% r ce?%rt gﬂé&ﬁg&!%éﬁﬂ&ﬁlﬁﬁﬁ? Hggé ér c%gl? e needl e
in place; Fi@masillgstiatddsn FIGOREHOper spective view of the fixed way/case
ting,through a sl ot

and the recipro Iver with the bevell ed.rack projec

Tt he ot e Pty 108 ndsl e HRNS R BEtecRbRio 5he P FENEN % o
way/ case W ating iti@stkdtedia FIGBIRIEQS,hhadQGftb 8 ﬁpﬁ?@@eﬁk@&@d )en@ii 6fploged Hﬁgs'
FIGURE 110 i.s a top. perspective view of the fixed wa se connected to a
socket 1Qr Qﬁ’t‘%‘ﬁﬁ‘ﬂtp?‘ O’éﬁtf?fﬁg?%?‘ﬁ??ngiqhm%fg%‘?nég%%gﬁf@%mbgact ive
view of the reci pIQORE 1@0AMEE pbishetiive tctfof d ReiliAgREn LAQGratinetdigAmbhd D
drive cable extensions for receiving drive cables; 30 FIGURE110B is a

bot t om per spEteirespestivevacesss gatsal t er nati ve enbodi ment of the reciprocal

driver further d irh| i : . 08X L.on. f i vi.ng. g drive
cabl o FIGURE | TIUREQO3 SLY SRS PR R kP flclhod
parti cul ar | ylemehisumbregtartivglartyelldstiatiag thd mbdieonship béteeerethpearipicjet/sptaced- apar t

e el BR3E i P PR T S b T 11 15 @ 0P
FIGURE 104 is a perspective view of the pair of receiving arms in the
hook/unhook device, with the receiving arms located in close proximity to tissue
being sutured and the suturing thread, for manipulating the thread into suturing knots;
FIGURE 105 is a perspective view of the receiving arms of the hook/unhook
20  device illustrated in FIGURE 104, more partiéularly illustrating engagement of
respective thread segments by the arms and further manipulating the thread segments
to tie a knot in the suturing thread;
FIGURE 106 is a perspective view of the receiving arms illustrated in
FIGURES 104 and 105, more particularly illustrating additional manipulation of the
25  receiving arms to tighten the knot in the thread during the suturing operation;
FIGURE 107 is a perspective view of a preferred embodiment of the housing
tube of the hook/unhook device, with a receiving arm extending from one end of the
housing tube in engagement with the length of the thread for manipulating the thread,
FIGURE 108 is a perspective view, partially in section, of the housing tube
30  illustrated in FIGURE 107, more particularly illustrating the internal components of
the housing tube and the receiving arm manipulating elements attached to the housing
tubé for manipulating the receiving arms.
FIGURE 109 is a perspective view of a unidirectional device of the cycling

suturing and knot-tying device;
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reci procal driver, nore particularly illustrating the proximty of the
device to tissue material to be sutured and the positioning of the needle
in the dewopawa/otssnd suturing the tissue; 5 FIGURE 11 | A ispraTtusp2/¥izew of the
unidirectional device 1 illustrated in FIGURE 111, nore particularly
illustrating initial incrementation of the needle around the device and
entering the material to be sutured; FIGURE 11 IBis a top view of the

uni di recti onal [WRVES utratlng
further incr erren?i/(lt" gﬁ 1(9%{1%3%%@%‘{1&& v{‘lr’(?ﬁjgﬁf?ltd#%&lo%gp?evééedfemsﬁa éoegsut ured
and ent er i nFIGUREQQPpmbicepastichlaty illbgratiey itieefixddl vayREasd, the @rives biadeomnd/i ew of

t he unidirectional dev ce ill us%rat ed in %‘JIGURES 111-111B, nore
particul arl WWCFQ&WPS‘P FgneBYBR f}]ec?ﬁesﬁ?ntflﬁ freedl e rotation through the

material to be spGURE;106B@RBerkpettive vitwi S pfbﬁWe@ﬁlsg&ﬁm%BQs fyan al ternate
unidirectional device, 15-nore particularly illustrating an alternate

driver ihsebeweled pingon gaar @rrﬁatveugfth&wdmwnalﬂe&mémsma@;l 1nEIGUREp vi ew of

t he oppositeygqd of the alternate unidirectional device illustrated in
FI GURE 112, ?urther illustrating the alternate driver fitted in the
alternate fixed REGREIIGRREs 4 p@Bpéctiva viewpofitheunidireciivoaldevicenbisbltheent of t he

alternate 20 |d| ect | naI evi ce re econ ernate driver is
fitred i ¢ Restlhifles wnd Py B meREh Py R AR IR BB S o e
opposite end of FIGURE!109Dd$ & pupétitive eiemostaine cflé vt the fixdell wailyrcasegd in FI GURE

112B, with t e second alternate driv in the alternate fixed way; 25
FI GURE 19 2pl uéﬁ%lePEW }Vieé\ﬂ’ayﬂg?qaﬁal ly in section, of alternate fixed

way bl ades, eac thGUREdOWEtitha?e cﬁ@é GrRwizest Spposind é}ﬁoﬁﬁ@ﬁxef Wi 113 i's

a rear perspective view of ed bl ade device enbodi nent of the cycling
suturing antrorrtbe endjillugirated/indd CURE d@¥arfurtber idestratips paeiranof the fixed t achment

to a suitable fRgLator; 30 FIGURE 114 is a bottom perspective view of the
forked bl adé device illustrated in FI GURE 113; FIGURE 115 is a perspective
vi ew of the bot t BIGISRB108H iscap@sctveviewol atréwprotdrdivdr deracs, telnding
illustr FI GURES 11 114. 21 WO 03/ 0 4 PCT/ US02/ 3 764 Fl GURE
116 i s E3 ot QhFeo a0 PE it slne SASES PHDER B besesd l‘ﬁé‘nd mor e
parti cul arl ftted with dfidér B1atick Bed BObieed $dcRt S;

FIGURE 109G is a bottom perspective view of the reciprocal driver,
illustrated in FIGURE 109F, more particularly illustrating the bevelled rack;

FIGURE 109H is a bottom perspective view of the reciprocal driver with the

20  arcuate needle in place;'

FIGURE 109 I is a bottom perspective view of the fixed way/case and the
reciprocal driver with the bevelled rack projecting through a slot in the fixed
way/case;

FIGURE 109 J is a top perspective view of the fixed way/case with the fixed

25  way blades in place engaging the needles;

FIGURE 110 s ;1 top perspective view of the fixed way/case connected to a
socket for attachment to an operator;

FIGURE 110A is a bottom perspective view of the reciprocal driver illustrated
in FIGURE 109G, fitted with drive cable extensions for receiving drive cables;

30 FIGURE 110B is a bottom perspective view of an alternative embodiment of
the reciprocal driver further detailing a drive cable extension for receiving a drive
cable;

FIGURE 110C is a top view of the reciprocal driver, more particularly

illustrating the driver blades in the respective spaced-apart driver housing bosses;
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FIGURE 117 is a perspective view of the driver elenment of the forked bl ade
device illustrated in FIGURE 113; 5 FIGURE 117A is a bottom perspective

vi ew of tweodmesses el enment illustrated in FIGURE 116, noreTaso/3ow arly
illustrating a preferred attachment of drive cables to the driver; FlIGURE
118 is a perspective view of the housing el enent of the forked bl ade
device illustrated in FIGURE 113; 10 FIGURE 11 8A is a bottom perspective

vi ew of the housﬁ@U yﬁpisgté# h’g“’k‘{ﬁ%ﬁgg?iidﬂeﬁiomd%%ﬂwiﬁﬁarti cularly

illustrating downwar xten ensions ~and we dchment
grooves f or raipracdhidrigero prsra phmiguladplilbstitng the phanisityf thel dBVRE td fiSsues a

perspective _view of the case, and hausin | ements of the _forked bl ade
device in aSRLsHRI &@Wﬁgﬁ?‘%&?@ﬂ?lgi%nﬁg%ﬁéeﬁ‘gﬁ 14 &‘eéieﬁ’@? fgsurpg M5 ew of
the three f¢gdoed bl ade assenblies spaced-apart to receive the

crescent -shaped needle for driving the needle in either the )
count er c? ockwi se FEPUREQU i is @ ten vigwiaf she widirersiongdexige | iHurdratrdvince

i Il ust r at edpjuRE! QY % il Ay dEelink SniBaPRERRRALIYR of 1HeHeldle hAGng ase
el ement with dt?ge. p]i viF)eﬁon (5glior keél1 b gge%l ?nstapﬁe%htﬁgr{eh?\r%{ear%a w;ﬁ{l t he
driver and Hweulsivieg and emtering the msateriad ¢o beisutuded; case; FI GURE 122 is a bottom
perspective view i.ver and sing.in. functional configuration
Mt che for ked' EGURE BN BBt MiodRuapdlREHeR DR ' e

f orked bl adEIGERESH;1120d Fi GARHustZRing urshep éiic@reritation ofl thewneadild thoulh xied way

el ement . of t.he forked | ade devige illustrat in 113; FIGQURE 124 is a
bot t om p&r sPEUEIR Be §4 6?‘9???8“’?5 ﬁ’&d’l’mteé’ln r?‘gﬂle ‘{émcﬁ'st rated in Fl GURE

123, with the ar eUGURENAEE! S a RYSVibw QP Efd ridifdén6hdl A8dike ARRIrhBE AL | ON
therein; 30 _FIGURE 125 is a top per s_ﬁ)ﬁctl ve view of the assenbl ed forked

bl ade devi cEIGURES§dt 1148, merenagitarky Blustpgting complation of thearesdleseiigtiens f or
brevity, no I J .rating the driver housing forked bl ades
and fixed M,B@W%?@P%F‘f‘?ﬁ?%%w‘?‘%se; 22 D 03/ 028544 PCT/ US02/ 31764
FI GURE 126 i s anFEBUREJda ipatappaew iof eneérelofch altetnatei unidirdctoned devicgde
assenbl }/% havi n i m

h

BT e B e B Ay R e B R Lo
to the needl e; FIGURE 112A is atop view of the opposite end of the alternate unidirectional

device illustrated in FIGURE 112, further illustrating the alternate driver fitted in the

alternate fixed way;

FIGURE 112B is a top view of another embodiment of the alternate

20  unidirectional device, wherein a second alternate driver is fitted in the alternate fixed
way;

FIGURE 112C is a top view of the opposite end of the alternate unidirectional
device illustrated in FIGURE 112B, with the second alternate driver in the alternate
fixed way;

25 FIGURE 112D is a perspective view, partially in section, of alternate fixed
way blades, each fitted with a serrated needle contact area;

FIGURE 113 is a rear perspective view of a forked blade device embodiment
of the cycling suturing and knot-tying device, in assembled configuration for
attachment to a suitable operator;

30 FIGURE 114 is a bottom perspective view of the forked blade device
illustrated in FIGURE 113;

FIGURE 115 is a perspective view of the bottom-slotted case element of the

forked blade device illustrated in FIGURES 113 and 114;
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FI GURE 126A is a perspective view of the forked bl ade assenbly illustrated
5in FIGQURE 126, wherein the forked blade is rotated or pivoted in the

cl ockwi sewodiBesstid on t o engage the needl e for countercl oclarasonsgd e
increnentation in the forked blade device; FIGURE 127 is a top view of the
assenbl ed forked bl ade device, nore particularly illustrating a forked

bl ade needl e-engagi ng configuration to effect 10 countercl ockw se rotation

Porkod bi ade. devEIOBRE 3¢ aBLAHE VG biffe sfohih Bise Hfhulaedtn FRAUKENSY! 1

i |1 ustrati ngae paotikddripilhdeativeetit botorgalpitnng configuration facilitating

cl ockwi se rotati t .needle i.n the forked bl ade devi.ce: .F 128A i s
o Do v ew of “t nETeERELNTF &Gerfelite ait of3hs Pl sient Bt e Goneetiale Lo
128, nore pdeticelluatratyd id FIGURBUIRg i ncrenentation of the needle in the

cl ockwi se direction by operation of a suitable erator respaonsive to
| ocki ng ®f the Fb@k’gﬁ Ji7Adie & BoHOR REFRRELBIENGE Rﬁﬁ@éﬂ&@qﬁ%ﬁrtaw%wedm GURE

129 is a top Ficﬁmpﬁ15,%&%&%1491&%11@5@%% G DrdfbRELAtac AmEhQTRvOEDIET LY T O
a material to be sutured, re particularTy illustrating positioning of the

20 forked btadedriserai nst the needle to effect counterclockw se rotation of
the needle in t ked . L ce. 0,4l I t he
forked bl ade dev?g%ﬁlﬁnlsl ﬁgtl?g? grgp%ﬁi\’rbﬁ%l\ﬁgt%sﬁ-%oﬁléﬁ%rgro{t‘;&%ufﬁgk%ﬂyﬂde

i | I'ustrati ndeviocilasteatedin FIGUERELh® needle into the nmaterial to be sutured
responsiye to in tati.on of the housing.and.driver. el enents of .the
forked: 198 bl adef HeUREe Sy BaRenas perpeaine gt Ph e JpoTnEcFBrRE T Tt

devi ce il | usti FROUERIE i118,thé2paiculed? iRtdraid® dewawaiale etahdih€ thb ¥kletsions
illustrating further incrementation of the needle through the material to

be sutured #i¢weldipétaghmen greoxes fos @ttahing Rperating cables i thg howiesii ng, |
responsive to fu 1Qr: ks L i ment s of
30 the forked bl gg@%&vﬁ?é?@?‘%&%é’%@ﬁ iﬁge %E-\éﬁ‘? gg‘vﬁoﬁg étiﬁgé@g?ﬁﬂg bl ade
devi ce i || ufurked Hadd devideGurESmbl@onBgyratiome particularly illustrating the
foll owthrough o dle as further dJdncrenente rough.the materi al
to be. sl ureq aniCHEENRDd rBSpddd i o B IFREEA ¥ 3Rk

PCT/ US02/ 3 1§Ifaéed-fmdﬂh o&gé‘qil\tdme cagam':]-s@p_ed asaillm ﬁir\deivingfthdﬁédd]!aﬁ?ﬁﬂaerbtlhe g
increnentation of the driver and_  hgusin the for ade -
devi ce; FI GERpteralgciwise of ggclgyisgdissction n s b Bladdovies e ed s 1 at od i n
FIGURES 12p1dQRE 118f e particularly illustrating still further

incrementation of the needle o . ] o
FIGURE 121 is a perspective view of the case element with the pivoting

20  forked blades installed therein and with the driver and housing element(s) seated in
the case;

FIGURE 122 is a bottom perspective view of the driver and housing in
functional configuration with the forked blades in position for incrementing the needle
in the forked blade device;

25 FIGURE 123 is a perspective view of the fixed way element of the forked
blade device illustrated in 113;

FIGURE 124 is a bottom perspective view of the fixed way element illustrated
in FIGURE 123, with the arcuate needle positioned in functional configuration
therein;

30 FIGURE 125 is a top perspective view of the assembled forked blade device
illustrated in FIGURE 113, with the way covers removed for brevity, more
particularly illustrating the driver housing forked blades and fixed way installed in the

case;
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5 responsive to incrementation of the driver and the housing in the forked
bl ade device; FIGURE 134 is a perspective view of an alternative forked
bl ade deswg@rv3foess44 recei ving the needle, with the forked blraddasoz/si7eeut r al
configuration; FIGJURE 135 is an enlarged view of one of the forked bl ades
in the alternative forked blade design illustrated in FIGURE 134, nore
particularly illustrating rotation 10 or pivoting of the forked blade in

t he cl ockw se di vy fihgur ati on and
driving the needﬁ‘él n t fgqggﬂ%{ﬂe cfl?%i( &%% fér“ggﬁ{gﬁlcggfg%m%e forked

bl ade devi cessembBUREINSH forksl ldact@n@tnscpmmuy eothefarantetrivedledeldrgin thor t he
forked bl ad thef ed bl ade ce 7/ is.a top view of
the alterna ?‘58‘%%%?&%% YR I B} %I?!e nﬁg&@g HWIF‘I rggq%ggpgge ‘i“??d%r GURE 136;
FIGURE 138 is a tFllBUREewaAf 1s@liﬁrspéctivh®1@ﬂl bﬁﬂhl&bﬂk‘édibfaﬁé keemblyatiasrated
illustrated.in Fl 36ad137 a‘ocularl |IIustrat|ng
engageme?it HE I[Cﬁ]lékg ?éf‘ﬁ a2 %te f pivateddr hecleckwins ve t he
needl e in tHﬁeétRJn‘%@‘énQig%@ﬁ‘e H&Hle%r c&ﬂte’?&l@l@ﬁsé%dleﬁn@reﬁ%ﬁﬁﬁ&?fﬂ the view of a
tubul ar forked bl ade device of the cycling suturing and knot-tying device

i n assenbl eforkehbliadedami¢esn and ready for incrementation of the needle for

Tl ustrated i n FICORE 20s 5 BPRGAH At Rt g Rl PO e

tubul ar f or padicblady dhdeuiinga forké&lﬂhdeam&edld-engﬁglﬁglaﬁlﬂ@ﬁatwmtb effbet

needl e- epga bl ades reane eV| 142 IS a perspective
vi ew of %011 g?‘f’ﬂ%rdﬁag‘é'§ﬁf‘étatﬂ) ég tﬁ%hﬁ% é{“ieubul ar forked bl ade
device illustrat @mUREﬁlz@JREt&pSaewﬁE@lﬁErkJee%lad% d@vil@enﬁﬁ@@&&\&ma@mof t he
spring pad assenbly illustrated in FIGJRE 142 with the_arcuate needle

in functi ond®’ é@@iﬁp@ﬁwakarlanllwaf%af@kﬁbbltaﬁ%eediﬁowglﬁg cepHigUiRHion F| GURE 144
I's an enl ar ged; el g&@&%&: F@ro‘{dtﬁ\‘i’o?ftheanefea%%ﬁt&%fﬂ%ﬁ%la‘ﬁb%@ﬁ@& of the |ower
fixed support fra with one of the spring pressure pad 24
VO 03/ 028544 PCTFUBURE3LBAis adeps viehyldfdle forked| ads, dempelhpaatedmul arly
illustratin n talni I RE 145 is
an expl g%e dgg(?gvﬂv%gﬁg‘z agpqg8 rﬁor% éaamcuan XR@I?S&MlBQ 1nc§‘en$ent§1 Io?u q%‘le m

i Il ustrati neghealddkmadde direefiex byfdpefmmoﬂmgsuﬁﬁbl‘e l@pex’atoadﬁpomm\tehe lchﬁldngeoﬂ”tbelsi ng;

5 FI GURE 14 er.spective view of the bl ade housing and bl ade
i 11 ustrat ed?oriced g]aﬁ) esina countercloci(w\llge con gurat?on g

FIGURE 129 is a top view of the forked blade device placed in close
proximity to a material to be sutured, more particularly illﬁstrating positioning of the
20 forked blades against the needle to effect counterclockwise rotation of the needle in
the forked blade device;
FIGURE 130 is a top view of the forked blade device illustrated in FIGURE
129, more particularly illustrating incrementation of the needle into the material to be
sutured responsive to incrementation of the housing and driver elements of the forked
25  blade device;
FIGURE 131 is a top view of the forked blade device illustrated in FIGURES
129 and 130 and more particularly illustrating further incrementation of the needle
through the material to be sutured with the thread carried through the suturing
opening, responsive to fuﬁher incrementation of the driver and housing elements of
30 the forked blade device;
FIGURE 132 is a top view of the forked blade device illustrated in FIGURES
129-131, more particularly illustrating thé follow-through of the needle as further
incremented through the material to be sutured and the thread carried through the
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in FIGURE 145 in assenbled configuration, nore particularly illustrating
the pivoting function of the blade in the blade housing; FIGURE 147 is a
sect i onalwoicemsshi4 an al ternative preferred bl ade and bl adecThsoxsrigs desi gn;
10 FIGURE 148 is a top view of the tubular forked bl ade device illustrated
in FIGURE 145, nore particularly illustrating typical increnentation of
the needle through naterial to be sutured responsive to increnentation of

the mddle A [EV:P ' ( ration: wth engagenent
of "t he. bl aqderie AR BiKeriatbp e sigRbincl GRERR G Jnd PUEET ey

f or ked bl adéoudkng elemichts of thedbrded brade BeEL#RE 148, nore particularly
illustrating oppgQsi ingrementation of. th edl e, i the co ockw se
direction respongfggﬁtdo&gd? gg%pp‘_gﬁﬁio gler'FB{/k_@ e V‘Fﬁﬂ_lq*ﬂrﬁtﬁfién mgg_ssenbl y
and the dri v29-3p2mork!paRElat§Qilisrating S Rir@ier GhcrémbMBlidAdf thORdddmur ati on for
attaching thread to the 20 center of the arcuate needle illustrated in

FI GURE 139; T¢sPeRsRye tegncreenfatienoef thparivepiapd theiousinglin thy fpikied blede deweesi n
FIGURE 150, 1or @1G8RE GUiak brspldive VIO 48 dteRAAISIIRL MAVIREE: g, Dt veen
I GURE 152 n a

the thread and the needle; is a sectional viewta ong line
152-152 in FicelyRe ths0eedl@ svithothe forked bledgsan ngutral icosfiguationg t he preferred

t hr ead- needl e at e - FL G 153. 1S I i tudi sectional view of
t he tubul ar for kie:gég@(ql?5 l?j%I\llfﬂ?%ErgF I"ﬁ&orfgotngg)?glﬁ fléﬁ%@l%#?df%@, th%%%nauve
parti cul ar| yorkéd biade adsigngillasttaydd inHIGURIB/E34, atore paeiculhdy ilRistratipadtationt he
oo cadbonSeiaRins o U e 1 1 Lo dBE KD Akt Rt ol o
forked 30 ahaﬁlg cOef g Sion @ drifinkoe héedfe M tHE cointteloBlawise alrbdfioh Arsipat i on,
of the tubul ar Torked blade device, nore particularly illustrating a

f1 exi bl e t ube fedkgdbladedavied t he tubul ar forked bl ade device for

Coul at i F : . ¢ ) . .
St Ui ng oper ot | SISUBBI SR RbBSEeSY LG ddpdd deR B uE R dHkB AN 1 2
sectional v'ﬂ@/ﬁorkfedblgdedai/im_:;t ubul ar ext Iensi ?n Et ga(t:)lhed to f/ihe tul;gl g;s;‘ \%ked
bl ade d f l,at. h r )
o ade 95¥1 oo o EREAEAR') QR e AL PR, Ao
tubul ar extileRsited i FIGUREBURE, 156 is a sectional view of an extension

structure and drjve system for
FIGURE 138 is a top view of one of the alternative forked blades illustrated in

FIGURES 136 and 137, more particularly illustrating engagement of the alternative
forked blades with a needle to drive the needle in the forked blade device;

20 FIGURE 139 is a perspective view of a tubular forked blade device of the
cycling suturing and knot-tying device in assembled configuration and ready for
incrementation of the needle for suturing;

FIGURE 140 is an exploded view of the tubular forked blade device illustrated
in FIGURE 139;
25 FIGURE 141 is a perspective view of the tubular forked blade device
illustrated in FIGURE 139 with the needle-engaging blades removed for brevity;
FIGURE 142 is a perspective view of a spring pressure pad assembly for use
in the tubular forked blade device illustrated in FIGURE 139;
FIGURE 143 is a perspective view of the spring pad assembly illustrated in

30 FIGURE 142 with the arcuate needle in functional configuration on the respective
mounting springs;

FIGURE 144 is an enlarged perspective view of a fixed segment element of

the lower fixed support frame tubular member, with one of the spring pressure pad
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incrementing the drive spur and driving the m ddl e tube assenbly to effect
increnmentation of the needle in the tubular forked bl ade device; FI GURE 157
i s a sectwonalo2ssisew of the extension structure illustratedCrsoFBGURE 156,
nore particularly illustrating a direction-changing |ever elenent for 10
increnenting the drive spur prior to driving the mddle tube assenbly and
the drive spur in concert and increnenting the needle in the tubular forked

bl ade devi cgg ture

1 Tust rat ed s STONR PR oot RSl W g bnlechiti 4 BSIAPRE bHR' 117, o
mot or and dtheseedlear arrangenent for driving the middle tube assenbl y and
the drive spur taq,/ nt the,15 needl g | e tubul orked bl ade

devi ce; FI GURE 1 éépg%:ﬂ‘éé? %‘é’g’fl?é}éi V\}?‘%\(Rf%wafjﬁgo'bsll%ﬁ @M‘EF/ gear device
embodi ment  phrtichiarlg Yitdstragngaifitit bfﬁjerﬁﬁddn&ﬁ@hgtoﬂ}[tgalﬁﬁe\dh@% bladY Ieoudid %tl cularly
illustrating a preferred articul ating n p05|t|on|ngt e di sc

body in & vari eFWHREpl&éllff‘B?Fép%nf’ﬁV’re@’s d ?{’]taée O‘F?é&géqdah adedllpsgratsch ur ed;

20 FI GURE 160riGURER2S E&ﬁs&ﬁﬁl%@%&ﬁﬁ%ﬁaﬁﬂne}ﬁo?é pariGuI PR h MRS FVOERST
device illustrated in FIGJ £161 is a | ongi t udi nal sectT onal

vi ew of theﬁplcaﬂepﬁﬁlyb@ﬁdéemlhgé&ademsmge illustrated in FI GURES 159 and

160; FI GURE 162 l. Hl ?Q ﬂ]ﬁﬁ Vi ce,
nore 25 particu ?Miéﬁdggg%%l}éhg\%ﬁiéoiﬁ?lc S%%E eééeg&%(? lig%ot hed
rotor drivi hgusnygcﬂcfsrgn, FIGURE 163 is a top view of the pI anet ary wheel / gear

devi ce, re part.l i || ustrati irecti.o r ot at

Coni oai Wt or EIGHRE S it o aeR Sk A b Boored Bl deicf hfpgd i 1°

count er cl oCKRYGERE 145! RORI Padtiduilyoililubthingegsita ihdteméhiatid B Adeienheel / gear
device; 30 FIGURE 164 is_a top view of the planetary wheel device

i |1 ustr at edthrpughrnateret to &g sutﬁﬁﬂéewpww ineteineniation of teingdiefeeenent at i on
fth d dl
of the nee h}%eﬁx%%ﬁgﬁhe&?i Puft né&P%g%WQ%H%%ﬁgﬁ@hhﬁﬁdg or{]tlﬂg needi €

drive syste ing the conica t t oot hed rotors:
26 WD 03/ 0286&xAlde; PCT/ US02/ 31764 FIGURE 165 is a sectional view of an

alternative pref odj pent. _of a nt.r al ar _.amnd concave
rotors B mcreﬁ@ﬁﬁﬁeﬁpﬁsa Vd?‘gozfarhgﬁﬁ%ﬁ%ﬂgﬁ(e ?a% FVIC\CA/ﬁgugfr7t8€§}' devi ce;
FI GURE 166 FBGEREC@S] ma&l pavm&ﬂnrtyf111u§ttat1ag@bb@iteaﬂldranaaamo&ﬁoﬁiﬁeh@dle‘mr the 5
coni cal central gtp%ﬁo)? nd al.ternate tooth rotors ng |ncrerre pe needl e

around t he th@ COH n}egtéodq TegRApSYE fo correspon movement 0 the rgxdd
tube assembly and the drive spur;

FIGURE 150 is a top view of a typical configuration for attaching thread to the
20  center of the arcuate needle illustrated in FIGURE 139; ’

FIGURE 151 is a sectional view taken along line 151-151 in FIGURE 150,
more particularly illustrating a preferred connection between the thread and the
needle; _

FIGURE 152 is a sectional view taken along line 152-152 in FIGURE 150,

25  more particularly illustrating the preferred thread-needle attachment;

FIGURE 153 is a longitudinal sectional view of the tubular forked blade
device illustrated in FIGURE 139, more particularly illustrating a typical driver or
operator attached to the tubular forked blade device for effecting incrementation of the
middle tube assembly and the drive spur, to increment the needle in the tubular forked

30 blade device;

FIGURE 154 is a side view, partially in section, of the tubular forked blade
device, more particularly illustrating a flexible tube connection to the tubular forked
blade device for articulation of the forked blade device into a desired configuration in

a suturing operation;
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FI GURE 167 is a perspective view of a flexible rotor device enbodi nent of
the cycling suturing and knot-tying device, including an arcuate disc and a
fl exi bl e woaBmessapunted in the disc for increnenting the meadise2/sriss de t he
disc in a suturing 10 operation; FIGJURE 168 is a perspective view of the
di sc elenent of the flexible rotor device illustrated in FI GURE 167,
FIGURE 169 is a perspective view of the flexible rotor elenment of the

flexible rotor 68, 3 i i isc
el ement and a pr g%ﬂgglﬁvles % g? g%egf BE‘?I u‘%ﬁéﬁg glﬂhagl{%ggf P’géfllsg%%agb%fmﬁhe t he
di sc of thetibubxifdrked blad ©devie\for articilhhiRiBe Tuthkari forkad ptads devite meporisbw of t he

disc elenent of the flexible rotor evj.ce Wt he arcua eedle in

functi onal %’o‘?ﬂef”é’lﬁ’f“é)tf'ra&)éblleﬁ"ﬁ?gwg?(geﬁlﬂﬁgﬁo%gd% fespegtiy %"@B tive view of
the di sc angkte@gsse i1l ustrated in 20 FIGURE 170A, with the flexible rotor
installed inside_the disc for rotating the flexible rotor in the disc and

i ncrementi ng t heFHEEREd Spaspncipnal viey ehy axtansionstrugiues andedsive sysgiem fer
system P GeFertehtink R PR i tﬁ)é"rxﬁﬁ?lfs Rbeldspithy fo &fdpr el ement of
the flexible rotor device, nore particularly 11lustrating counterclockw se
rotation of inchementaionoif ¢he reEdle an the;tulpil@Uirtked bladeslevicgier specti ve vi ew of the

flexible rotor e icLl.ustrated in QJ 1 dis ed for_clockw se
rotation in the #féeﬁﬁgllgbrlso %)ercﬁ ea{/iv%:e& OéILnEngnSi%s%ﬁéQ?gué&ﬁtgﬁé? vi ew of
t he di sc anHIGUREI1lSbemotparticulmiydllugiating adirection-cHangisk ater sBligmengfegenent  of

the need|le by the flexiple rotor; 3Q.FIGJRE 174 is a seciio i.ew of the
di sc apbA fl gsemrf‘@ﬁfl%ﬁwgi%m PripEq Swrlgﬂwn}]q_diwﬁ? a1FR fwﬁ%é%‘enpm of
a flexible gRfrof coick aRd NRAMAHAR dhe héddUStn'tRE tuBllaf fdried Bladie dvicee train for
rotating the flexible rotor within the disc; 27 WO 03/028544
PCT/ US02/ 31764 FIQWRE 15555 3 sectiorgl yieveokthe extepsiopgfruciuie iNusfrated éct i on, of an
alternative i VA e 1 exihl. (GPYe isc and
i ncrenent i ngﬂ?ﬂﬁgﬁr%?é%f]g&:‘%{r}fcu% l}lrl%rnngfl&ipiél ?&?ge Fl{s&éa} agg[& { gregf)%r spective
vi ew of anotdnezementeiondtivivg thti mieldte tdbé sssemblyspd tthendriverspootoancragpentthe

rotor,. i de, t he OEC%_rati ng the flexible rotor device;

]I;ll S(Ji?tél ]%'77 Pesedge%z#es%lggllaf@gli(%%&aﬁpegqev pawl and crank device enbodi ment of

t |h|e cycli ng sut UFIGIGR BNE9 kswperspectite viewi ifehe phidiary ieheplgdar agvdeecr ank devi ce
| ustrate
embodiment of the cycling suturing and knot-tying device, more particularly

illustrating a preferred articulating mechanism for positioning the disc body in a
variety of positions with respect to a material to be sutured;'
20 FIGURE 160 is a bottom perspective view of the planetary wheel/gear device
illustrated in FIGURE 159;
FIGURE 161 is a longitudinal sectional view of the planetary wheel/gear
device illustrated in FIGURES 159 and 160; '
FIGURE 162 is an exploded view of the planetary wheel/gear device, more
25  particularly illustrating the conical central gear and toothed rotor driving system;
FIGURE 163 is a top view of the planetary wheel/gear device, more
particularly illustrating directions of rotation of the conical central gear and the
respective toothed rotors to effect a counterclockwise incrementation of the needle in
the planetary wheel/gear device;
30 FIGURE 164 is a top view of the planetary wheel device illustrated in
FIGURE 163, more particularly illustrating incrementation of the needle through
material to be sutured by operation of the needle drive system, including the conical

central gear and the toothed rotors;
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in articulated attachnment to a typical operator; 10 FIGURE 177A is a
perspective view of the pawl and crank device, nore particularly

il lustratwog3mstissc cover on the disc, with the needl e i nPCanso/srad
configuration for suturing; FIGURE 177B is a perspective view of a typical
pawl with a V-shaped cam slot and crank installed therein for engaging the
needl e by the pawl teeth and 15 increnenting the needle in the disc

[ ustrated i n FEGYRRELEA o ELEURE Ik OF ibalforRRRE RS M Perb S0 s di SC

el ement with the cran extending therein; FIGQURE 17/D is a perspective

vi ew of t hecoiisd cehtral gearaind doncave raREoningEmentng thepgedle erpund the

illustratin 1ant§IQ}P\%ﬂi ng f ire,cei ving the crank illustrated in FIGURE '20
177C, FI GUR s R e@%??ﬁéé?’i ve view of the assenbled paw and crank

| ocated in the BIGUREWH6Es padctionallview pf ydtlatstheedlieamtivh dedgwfoegiee way i n the
di sc for_receivi ng aa& needl.e,to faciJitate incrementi t he needl e around

the way by FoRiFd geyng pltepate opthrotgts frpngremsntipg themged!e apqund $he £ GURE

179 is a peprpealy WReel/g8i delict;he pawl and crank device illustrated in
FIGURE 178 illustrating rotation of the crank to force the pawl in a

cl ockwi se di r ecFiGHRE I6drigaperapactiveryieweofimcliasile ratpralgice rgodinent of

perspectiveaui : 1 ; devi j od. | LJJRES 178
nd 170, ot G sl RS ARfe At HELAEBEE Ny pEERECS 1o
30 effect cootor moedediovberdist fafin¢rhmentang the ne¢dieinside thendiseincosuburingr at i on,

di sengaﬂ(id fromthe needle; FIGURE 181 is a perspective view of the paw
and crahk d80F8%%| | ustrated in FI GURES 178-180, nore particul arly

illustrating fur FIGURENGS!S @ﬁex%ﬁectih@viéﬁv&fﬂthé dikc d8méA) SFIhORSHBHK rotor
PCT/ US02/ 31764 dri vig(? t he Ba in the opposite or counterclockw se

direction aﬂ%‘_ﬂ?ﬁjﬂ]{“ﬁ%ﬁt G ihar dly against the needle; FIGURE 182 is a
perspective vi eWFiﬁ,}UREGMP% Ff’r@ﬁecﬁ(/@%wdcﬁ\fh&ﬁe){itlle‘f%f gileRdnt &F th&hGHIES

178-181, nore particularly itlustrating further rotation of the crank for 5
.driving thetpeddvicghd t he needle in the countercl ockw se direction; FIGURE

L83 Lo RS SEeC R Pl MR ot B E R SR S5 LU MSLIFHR AP
crank to f asdlbsingthe fleribid nosiriim therdiscaofein flediblehetopdsdiceand st oppi ng novenent
of the needle i nFIél}}ﬁEqiﬁ)X;is a perspective view of the disc element of the flexible rotor
device with the arcuate needle in functional configuration in the disc;
FIGURE 170B is a perspective view of the disc and needle illustrated in
20  FIGURE 170A, with the flexible rotor installed inside the disc for rotating the flexible
rotor in the disc and incrementing the needle responsive to operation of a suitable
~ drive system; |
~ FIGURE 171 isa perspective view of the flexible rotor element of the flexible
rotor device, more particularly illustrating counterclockwise rotation of the flexible
25  rotor;
FIGURE 172 is a perspective view of the flexible rotor element illustrated in
FIGURE 171, disposed for clockwise rotation in the flexible rotor device;
FIGURE 173 is a sectional view of the disc and flexible rotor, more
particularly illustrating engagement of the needle by the flexible rotor;
30 FIGURE 174 is a sectional view of the disc and flexible rotor, more
particularly illustrating non-engagement of a flexible rotor with a needle and

illustrating a typical drive train for rotating the flexible rotor within the disc;
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10 FIGURE 184 is a perspective view of the pawl and crank device
illustrated in FIGURE 183, nore particularly illustrating rotation of the
crank in wbhasopgsesite direction to drive the paw in thePciraskasEes
direction and upwardly against the needle, for increnmenting the needle in
t he cl ockwi se direction; FIGURE 185 is a perspective view of the pawl and
crank device illustrated in 15 FIGURES 183 and 184, nore particularly
illustrating additd |l OCkwi af | ] i t he paw
and meedi e Turt nEICTRE S EF Sk SRR bARRITln ocbhth, SF Al e o T 56
i s a per spesystene forideiwingf the Aexipwbtoa irdthe discland éwiremeritingube netiedfor n - F1 GURES
183-185, nore particularly illustrating additional clockw se crank rotation
20 to rotat %uet\mfég’pavw in the counterclockwi se direction away fromthe

needl e; Fl GURE 1BiGUREA 7884 £B6tEdrh Berspdctive Ofew sfanBthet altrshtBiediréctdRMieC e
illustrated in FIGJURES 183-186, nore particularly illustrating further

cl ockwi st cHyaHm fosratating thedlexipls spforiindde thgidiscand operating thedlexl@iratorc] ockwi se
direction agd;away fromthe needle; FIGURE 188 is a perspective view of the
paw and crank device illustrated in 25 FI GURES 183-187, nore particularly
illustrating addFIGUREI7Einerebpestivovigwi e el adcrank device emlpfdieront of

operation of the.paw and needl e.in.a.new.clockw r tional gguence.
Boscr i pt i ontsE P Brafl AT S IR R aRa LR PR BB R )
of the drawingtcudatpd efteshiredt eraagpicaoperasdr;, 30 t he cycling suturing and

knot -tyjng devic f i.s.i.nvention is.generally illustrated b reference
nuneral 169 %t SRhREgRAEE B8 v Lot OhE peth By B Bention |
cylindri cal hytishiame dius@hipdadisdcovePbh ¥ disdd ithaNé AckdRe if FiRgbhaln beari ng
socket 1253 on one end, with a |l ever 1251 pivotally extending therefrom

t he transni exifigyratigpdor supEmet apering i nwardly at the opposite end to define
a transition con . : RCI: ed

ext ensi on tube 18%%@%?(}]7@%1%3?%&%%@%%3tg@“@?%ﬁé&%ﬁﬁgéﬁaﬁh‘wne 1245
and t er m naslesargitcrankt instakiéd themeingfor degagmgehd A&@1¢ 5t tBoREWb)ecthvdndch recei ves

and nmoupts an arcuate crescen 1,..as ill.u n a preferred
eboai bt Dereating fediens an ranse RS SIGEREE 780" & Fount ed for
articul ati on on BIGURHI197¢2Y%Herspeetis€dictbiithe disdlemenowill fie.créhkhandl e 1260

is attached to the housing 1265 and is fitted with a trigger 1267 for
driving a cEeMSRUN&ETFng needl e 50 (illustrated in FIGURE 5) in the

crescent 101, aspReTREN3TDHES af)éi’éﬁé&ﬁ!{re Jracsfthedisc IkeLeB ARlcURB7%€! ection
beari ng socket 1253 and the transition cone 1245 is provided a drive input

section 12000 garticUrly Bipstratiag anwpenidg foraeeeddnp thecgankoHustrases inddGURE 1216,
for i nt.% ac}Jﬁtg '

FIGURE 178 is a perspective view of the assembled pawl and crank located in

the disc, more particularly illustrating the groovéd way in the disc for receiving a
needle to facilitate incrementing the needle around the way by incrementation of the
pawl by rotation of the crank; ‘

25 : FIGURE 179 is a perspective view of the pawl and crank device illustrated in
FIGURE 178 illustrating rotation of the crank to force the pawl in a clockwise
direction disengaged from the needle;

FIGURE 180 is a perspective view of the pawl and crank device illustrated in
FIGURES 178 and 179, more particularly illustrating further rotation of the crank to

30 effect continued movement of the pawl in the clockwise configuration, disengaged
from the needle;

FIGURE 181 is a perspective view of the pawl and crank device illustrated in
FIGURES 178-180, more particularly illustrating further rotation of the crank for
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10 with the trigger 1267 and driving the needle 50 in the crescent 101. A
direction setting switch section 1200D, including a slide swtch nount
body 121iwoios/o2dsso provi ded on the extension tube 1200 f @cwarsdt/yi7éfé t he
reciprocation input collar 1216 and is fitted with a pair of pressure
opposing rings 121 1A and a direction actuator 1214, slidably positioned
on the transm ssion tube 1200 between the pressure 15 opposing rings 1211

A, for changg e i i . LN; crescent
o1, a1 ar ehane R Bl ofle drtb b cRluico irebE Bk distA8g, f oS
drawi ngs i t upwaddlybezaippthemieatled t hat the - transm ssi on tube 1200 and
housi ng 1265 can ticul ated to the | or right wth. respect .to the
nandl 61260 t o pFREVREI 23 & piresitydew ddhe i Hramkdetis FFERERE A1 on
20 with respESURES It7BSISUEmbs: gaeticulkirlyr ifldstroAing Giirthd? gdtiitior HRthe ¥tagR$HON t ube
1240 and_crescent. 101 on _the extending end of the _transm ssion tube 1200

can be alti ‘él.m’lﬁgél%f Rayl aﬁﬁ@%@?@@ti’é@eéf%ﬁvt@mi%ﬁﬁq@r%%m! eft position
illustrated in Ffﬁﬁig%sﬂé)a gel%ﬁécﬁ_% Ry ofﬂf?égé\bl%d(ﬁﬂﬁ%c degilcg?h{esgagdkn for

the purpose. Sim , the extension tube 1200 can be ownwar-dl y
and upwar dl FIGBREEJA81t82 amuiecrartamudarky ilpstyating la neytrglipesition gf theeratk tor adl e
1276A on th e 5 i t . 1200 can. be.rotated 306-
degrees al oﬁaﬁﬁﬁ}g kefnél%rgal%tnﬁgﬁlongﬁgg&%ﬁgﬁﬁf%dfﬁ@%&ga%?‘éer&% 8§t,hetnﬁ%(§gfnurt her
facilitatinthe digceci se positioning of the crescent 101 in a desired position

in clos uarter i a suturi.ng operation. further illustrated in
H GoRe 0 ot he BIGUREORe 3 o B aRe iR HEP o T 403 Pk s vige listiRtat bl &
trigger 12611ﬁ;UREr189,ema$etlﬁetk&¢hrryqnﬁ§tmih§mhﬁoﬂlaﬁﬁe bynkBRihe oppbsi@ fl exible

connection 1261A and a flexible tube 1141 is projected fromthe second
handl e 1261difestign o divrithe pawbinehe Flegkwise dyediop apd gpwardlyiagaingt de)nesdlant ed on

the crescept.; L kd ks ereinafter further

descri bed. g% u\lk%érg%r;tg{%t %ﬁ&gﬁﬁgg}o‘&ﬁ%ﬁg%&r%g?g’rri ng again to FI GURE 5 of

t he drawi ngs i n BIGUWREdRBS esla perspmitiveviewt di¢hapayd aad crab® Hevise diustateddh t 0 t he
t apered. trapsiti i d ne 123 f .tk ransmssio tube 1200 by. nmeans
of "o 11 kbd [ BIARER4RY 96458 Bost perdaarth A aBRE MR L ratkyRe oot 1 on
gui de cone thed3tank thdrijethetpalviihhd féddle farth&rdh etk dlockiwise ditsekioh avamd the 775C of

a 5 socket 775 provided in the crescent 101 and this connection facilitates
uni versal @#%i cul ati on of the crescent 101 with respect to the transition

gui de cone 1238. pif9RENGE i€HpdtihbBVSAbwaIihCpvAlah@Rradk delite ANRRSEANTy 101 on
the joint ball 780 is facil |¥ated by four crescent angle articulation

cabl es 1256 AGURESRS3-135au0mmarticabely, illusteatipg edditiena} clockyisesrank retetiemdi ng
hot es. 135 o5BEDTYb be B8 GRRR s Biluoh Ry gt BB goPon no cabl e
FIGURE 187 is a perspective view of the pawl and crank device illustrated in
FIGURES 183-186, more particularly illustrating further clockwise crank rotation to
drive the pawl further in the counterclockwise direction and away from the needle;
FIGURE 188 is a perspective view of the pawl and crank device illustrated in
25  FIGURES 183-187, more particularly illustrating additional clockwise rotation of the
crank to effect operation of the pawl and needle in a new clockwise rotational
sequence.

Description of the Preferred Embodiments

Referring initially to FIGURES 1-5 of the drawings a preferred embodiment of
30 the cycling suturing and knot-tying device of this invention is generally illustrated by
reference numeral 1. A transmission tube 1200 is characterized by a generally
cylindrically-shaped, elongated, hollow tube having a selection bearing socket 1253
on one end, with a lever 1251 pivotally extending therefrom, the transmission tube

1200 tapering inwardly at the opposite end to define a transition cone 1245. An
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illustrated in FIGURE 5, the extending end of each of the crescent
articulation cables 1256A, 1256B, 1256C and 1256D is attached by any

sui t abl e wetohoessto correspondi ng base corners 776A, 776BPCTAG®/a164 776D,
respectively, of the socket 775, while the opposite ends of these cables
are attached to the lever 1251, illustrated 15 in FIGURES 1-4, as

herei nafter described, such that nani pul ation of the | ever 1251 applies
tension in r i 3 I beul at i abl es
1250n  12568 EISL ERERA0EHBE AORFpiccks or RS e Bl AR PRAE 2
101 into a adé$&irmathtescs htiansition ghide eseel3 S(BIGUREt5),sghich fd@6ives dddust rated in
phantomin ElGJRE 5. Accordi Y, 4N a erred embodi ment, of . the

i nvention tf&Y% Egaélcaéﬂ{ateaﬂ&‘fcgmglghaﬁIEHEEH%%'gffﬂaég egggbi’?g%&?neﬁ Be 1256C and
1256D ext engnvenfion tHeeranemBkiod 25k 1200 A w6thted faSsEdidtion dnld @b 12764,

transm ssion tupe 1200, the transitign cone 1245,  the extension tube 1240

and t hr odgh S¢ated v hawsipgddbigAthendlei 1200 1 2jtarkrd te dhreheusingd 265 andis fHisdes

1238A, 1238Byith12386eld7 ¥ Ring £SRGEd bMBhNa ndelid REGIIsAARI A PIGORESS cone
1238, to thelsoc%%geWS on thelnécr escent 101g.n25 Rgebﬁ(ér i n%ﬁtnul(l)\}?v_to F:%ZURES 1,
5, 6, 6A andnh %B cedscerid Olirasersipaticnfusthpr ddseribadd Intsrmediatenths selekctiome | nvent i on
t he crescen i1 i ﬁ%{ﬁg - l: terized by a
crescent-shgf)e cggglééqg;?mvfﬁhg%agié [ ne?leggz?:grl] ?rﬁgglgég?ﬁ?%n ugsgercé?)r\lle, except
for a gap 10300E@{FIEERE Bethekinelndesmreeipeiscatibie inpaf collahil 216, darSiatedfRing s

nmount ed,on t he socket b sui tabl e_neans, typically .including

wel di ng,lBSOWB&tf’? H@g%{%@&nﬁf%gﬁﬁgn %b(%?d%ﬁﬂﬂﬁw-s@ﬁf@si%guﬁﬁm cular. An
arcuate fi xeetimaywitei @i PXO0EE indlidEnPh slid shakhioiR8b&A121N, Ish@scase 102
and is designed to receive a shorter, curved drive direction setting plate

134, the | aPfaidegronthe exensiarpiyhed20prwardhinef the resispcatipn inrubeqllsndAt &

herei nafter 0. . i | Of, 4 id g body 1211
on the tr and SaSH L Py BEHRRA Dl rE 19 g Fircchitn SRR

03/ 028544 PCI14/)5ddtdy pesitionsl ondhatrarsmissiornt tabe A2 @ Ulstt weenethe lpres&e f urt her
illustrated in Fl GJRE h lve I hection.settin | ate, 134. i s seated
on the 17 xeBRapaiasden b Befhike P pEoef B RThbGTdR; B stin'he S0
correspondi aghsens hal asl furthet hereimatienggseiibeder 108, designed to increnentally

drive the crescent-shaped needl in a direction detern ned by the
position of the BefmiR&EROYiq g@@&gggﬁq drgwpes dtevillhe appreciatgdthatghe t o t he

reci procat i fangiso6d tub820¥hd RIusHRl265 e WaYulAdd td thelOf bf ﬁ%ﬁ%ﬂpn the
reci procating driver 108 for accommodating and stabilizing the arcuate

needl e 50 wiispert tasthghendledaoiotprecisale pegition e craseeni d0b0wa desired locatien
il dj : f : Lve. f th
cr escentd 1ot rppStt e i 86 Sinecdado BRIATRE HARGO IR fof | °

i | 1 ustrat edciesceht (AIRESHS Axtending Bnd whithe edansmission tube 1200 can be articulated to
any selected angle from the far left position illustrated in FIGURE 2, to a far right

position (not illustrated), for the purpose. Similarly, the extension tube 1200 can be
pitched downwardly and upwardly throughout a wide angle of pitch by pivoting the
25 cradle 1276A on the handle 1265 and the extension tube 1200 can be rotated 306-
degrees along its longitudinal axis within the cradle 1276A, thus further facilitating
precise positioning of the crescent 101 in a desired position in close quarters during a
sﬁturing operation.
As further illustrated in FIGURE 4 of the drawings a second handle 1261,
30  having a second handle trigger 1261B, can be attached to the handle 1260 by means
of a flexible connection 1261 A and a flexible tube 1141 is projected from the second
handle 1261 to a thread incrementing accessory (not illustrated) mounted on the

crescent 101, for purposes which will be hereinafter further described.
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segnent of the needle 50 is shown in position on the needle driver 108. The
needle driver 108, drive direction setting plate 134 and the fixed way

di recti onrweaBi2ssgs pl ate 136 are all stacked and seat ed i mcrhsorsoegh-1i ke
case 102 and nmaintained in place by any convenient technique of attaching
the fixed way housings 104A-104D to the walls 15 of case 102.. As further
illustrated in FIGURE 6B of the drawi ngs, one of a pair of direction

Case |0l oar ance Sariih i AIGHEE sHCHR RS B PRICEHEMRA ML, Cugn

an aligned ktiesemit 10Wis atiacledtto dre tapdred mansploatguidd wine 1228 ofitht trandmixgdn way

direction setti | ate 13 0 t jrec i setting
ate 194 aneuodaByisns o6 el B b0 FoVecd G Pkl tik il afence o
t he conponeafisi®én glige Sdricd@38W matjoﬁq%én 780 isetdtec in the séckeCERNYF 750 of he

direction of rotation of the needle 50 as it traverses the fixed way 104.

Simlarly, &%t 7 omouided i e creseent 4P andethissioanestion famlitatss aniyersghi ch i's
i1 lustrated ahf&ulanﬁ}B%BQ@scé}h%m SithGadRc tb MR EARitRAAREE SAghbs! ade group

housi ngs 110 and he reC| ocating driver” 108, through the case
cl earance siContraldegi pm(yvnseﬂwtwlﬂattdmeofz @r&@@ntbwd@nltb@}blmfbaﬂlhBooafaelhmzd and

L ough ¢ he pOlhNEdeLl XS MR IO S0 1 96kn Hh3KE o5k Rhsdg 2 [n the

fixed way diy etion gefts dnger edrance sl ot
145A in t herdpectiweld typidallp nx&ﬁdmg fignpwithia tﬁé&ﬁrans@tuﬁﬂgﬂdﬁicmhlzezz,( thodugh

illustrated) extepnds fro I ccess . cabl xt.ensi on
140 to ?{%e F%‘E?SB?%(Q% e Nl Lﬁ@ﬁ?é@&%@g dtlﬁgs TETRERG LY 0B gﬁ@@rlzoo
(FI GURES 1- flusBiidd hmprcﬁnrnﬁtsatﬂexex&%dﬂlrglem%f b oreRdresceft driiclfifonfdaied way

104 in a direction determ ned by operation of the drive direction setting

pl ate 134 ahdSehd266Ret25REyand lﬂééPulﬁﬁt@b@dbmgIYpﬂu&@@ep%hodosw operation of
the trigger I t her
descri bed. §¥% %(g?%§§§jﬁ C /73(%627 é@’f?ﬁ@&%@?ﬁ ﬁgﬁ%@ﬁ%%ﬁﬁiﬁﬁ% 13A
of the draw7igsvltileghaoppeaite endsaifphase asblenprel nitached m&eﬂszei'llijsilhatradd and is
fitted th t ed apar ad roup .housin 10A 110B
rount ed b I8 EIBTRER ok i bR Reher el iR i I thion bgme vin 281

paral | el dr apyifes k@l@anntmoeﬂeqafnamgemalo@ﬂfe ckésder(thh@eRRTulAioandbl8s) . Two of
5 the bladelgroup housi and 110B, are 505|t|on d at the extremne

onds of thol2344d2808. @éggeaaxdrlgé@afteaamgata@p aiticylots e gressrat 0% Mip | ade
group housi ggkibd Bbsitisn w|1t99@§p%& th '?hé tlik%u@ﬁm ﬁlus%teﬁhﬁpﬁﬁﬁblﬁ HREREURE sdri ver

108, approxi nately equally spaced between the bl ade group housings 110 and
1 | OB (FI GirEgdmglysin apwigrRyd embodiment ofithe invdantion ﬂmcédscmt aFRlBURE 7, the

ﬁSLZ?ﬁg o aftppGy LEIES S EAS RN sIRR0 KR EsplP o Ho iR o082, | % e
group housi pgmedtidh asemilyBroughale frardsusdsiont tabl 1200y tHelteangibioa coierP45,
the extension tube 1240 and through the corresponding transition guide cone cable
inlet holes 1238A, 1238B, 1238C and 1238D, respectively, in the transition guide
cone 1238, to the socket 775 on the crescent 101.
25 Referring now to FIGURES 1, 5, 6, 6A and 6B of the drawings in a preferred

embodiment of the invention the crescent 101 illustrated in FIGURES 1-5 is

G

characterized by a crescent-shaped case 102, which defines a continuous curved
groove, except for a gap 105 between the extending ends thereof, which case 102 is
mounted on the socket 775 by any suitable means, typically including welding,

30 Dbolting, bradding or the like, in non-exclusive particular. An arcuate fixed way
direction setting plate 136 is seated in the case 102 and is designed to receive a
shorter, curved drive direction setting plate 134, the latter of which responds, by
means of operating components hereinafter described, to manipulation of the slide

switch mount body 1211 on the transmission tube 1200, for determining the direction
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sets of oppositely-disposed, dual directional blade clearance slots 120 are
provided in each group housing base 111 facing the needle 50 in angul ar

rel at i onsWwom3/obssus r ecei vi ng the driver blades 112, respectricrdisy2/3iThe dri ver
bl ades 112 are seated in 15 blade nmounting slots 122 provided in the base
of the respective bl ade clearance slots 120, in two sets of six,
opposi tel y-di sposed driver blades 112 and.the respective sets or groups of

driver bl ad%r&%r%ﬁhpg%hatgﬁgﬁge 50 FORROSHIEati SIGORE @nfhd At ified as

forwardly-inclining driver ades 112B and rearwardly-inclining driver
bl ades 11 2djrection settingrpdatnd a4 s sebted 0w tlypipeediway direction sestimg platsi3biandi ng of

the two set f hlade 20 ¢l earance ats 0,.Refegrjn Fl GURES /- 7B,
cach of 1 ne i ar B sesudng FORRLEN Pt A Bl g niretiematly
tensi oni ng tdaive fHeScrescent-shapuateedlals01d 8 Aireitidnudetormieed byrth@pesifieinof the FI GURE

7A) connected to,a vertical fj 16 by .nmeans of .a narrow, bendabl e center
spring | eaf dYS dipeghipn bt plated s VIR AIIgh e PO R mE VT (o dhn
charact eri zegbubte ffked vayAOURIHEDEHHLE Sn ERredibRRatiNRlri fe 108 Fort O define a

concave needl e contact "profile 117, having angle chisels 11 7A and 117B
(FI GURE 7B) acegmmaedating @ad stabiligimgahgarspate acerierS0 whichiihprowided with & lepgthounded

end 119. AC?’?Eg%%%?sﬁﬁﬁ‘@yiﬁﬁ“a%mfm@%% 7, one set of the driver

bl ades 112 y-1nclining driver blades 112B) are
opposi t el y- di spogsdembist of dwirespentid euinipontite of thercespantdDhghwsbatedire cont act

profil es,30 €V A sitioned.for e i ne e 50 to drive
t he neeZPe gééﬁﬁ%‘éxc%o%ﬁbé&&"%&%é%ll%?ﬁtséjﬁgﬁtd%#?gﬁ%@%ow BbAdi ng
second set @égrlrit\0€thelleadle S0 Islshowintii positian vkl neediBeriverd 1038, dihe\veedibl ades
112C) are positioned.in_the oppgsite direction, to sgguential[y engage t he
needl e 50 atlrivefel WofHvsdirrstiomsctinmplatrel Sdand tea fiprdoran Erection setiipgplatene

needl € 50 193§ Grebfl k¥ Bnd dtateliGn E-}BHRﬁighﬂike%seCﬂ @%Wn?aﬁntgilr{&%%{ Etwlg&a ?}ﬁz

further 33 WO 03/028544 PCT/ US02/ 3176 illustrated in

ext reme endgnytonvieniepl tachnigreniptthching thgdixed o/ay hoosingmP4Ar 104D fanthe mealls

reci progati Liyer 10 | itel y-di.sppsed
gl o ontry Chcihd¥E A Rt ERRR IR s B LUZARPRES hE ol s BUTBOGS o

t he needl e Gitec®n setmgneadt 6dsBxtendomsnieh tiaillugtrared esd exteidsehronglsaesse 101 by

operation of the 5 recipracating driyer .108. @frri again.to F RES
610" of 1 he clripRel TN g cree HhsedDER ot Mg Fi7 il o 3m S el one
beneat h and vadjdaeeiin &B&g;[ﬂm BloP ¢4 inbe kéd Rhy dR&tRA skitinh platdl 7l forl N
FIGURES 6, 6B, 9 and 10. The drive direction setting plate 134 is fitted

with t hree, moyiptiegan tsarve ditselinn sttingipate 434 arthattachentdp geablednst- di sposed,
el 0,70t Akl iR gt, ok be e opesg el gprem ol o
118 of eachclrngt irethedineetsoofdptatjby of the needle 50 as it traverses the fixed way 104.
' Similarly, a pair of drive access cable extensions 140 (one of which is illustrated in
FIGURE 6B) also extends from the spaced-apart blade group housings 110 and 110B
in the reciprocating driver 108, through the case clearance slot 143 provided in the
25  case base 102A of the case 102 and through the aligned fixed way direction setting
plate slot 142 in the fixed way direction setting plate 136, and the longer tab clearance
slot 145A in the drive direction setting plate 134. A second cable (not illustrated)
extends from attachment to the drive access cable extension 140 to the reciprocation
input collar 1216 on the transmission tube 1200 (FIGURES 1-5) and incrementally
30  drives the needle 50 in the fixed way 104 in a direction determined by operation of the
drive direction setting plate 134 and the fixed way direction setting plate 136, by
operation of the trigger 1267 in the handle 1260 (FIGURES 1-5) as hereinafter further

described.
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positioned driver blades 112, as illustrated in FIGJURE 8. The top portions
of each of the respective driver blades 112 are seated in the respective
driver blwoaswobssas ance slots 120 in the reciprocating driPearusad8i76as
illustrated in FIGURE 7 and as heretofore 15 discussed. It is significant
that each of the drive direction setting plate parallelogram holes 138 are
shaped in the configuration of a parallelogram the angled walls 139 of

whi ch parall el ograps.are ess i r el, to t respective | eaf

t ensi oni ng t abs iffgﬁfmngaﬂ%l” zor Ef&c}lI g‘%éﬁé@% (g#thﬁgﬁwéﬂgsﬂﬁﬁqcﬂgtelr%céﬁmfaé%i oni ng
tabs 118 i ndfeguasagilespedand/e fited with thidepspacdd-dpaet tladev@oah haktgen setting
plate 134, for purposes described bel ow, 20 A% illustrated in FI GURES 8A,
8B and 10 of [¥-1d04:aadilAgs. mAenteL N A #rorp RAveing basedlreliied withe peirade gr oup
housi ng 110&lﬁearﬁfmlepémte??orfggﬁaprcfeﬁﬁhwgo@][m?ﬁgc%{%s 8A dnld! 85! TSt

superi nposed on the correspondi ng section of rive directi'on setting
pl ate 13% othetthedecgreureonsings,1l10and 1 8Byaie posidenedfat erxsiemelepdsivfthos ed
driver blad | |y i ' . age the
curved need?%sg%}gbsa%%g?h%g@% d}sqf%ﬁ’ﬁdﬁaﬁhg%n {rg;{)ﬁ{edggk grforu (%é\lg?)lggﬁger | eaf
spring | eaf ldchted in depentet vithy reciprocatiag dviserd! (8eapprogmaedy equatly epacethe

underlying drive direction settin at 4 di_ngl he

Forwar dl v FEweR fiy e cetorsionned | oA D mialRiRE Molesp " as

confi gurati @ithepiiRBtritb@in PICRIRE 170the @irviel fedBE 5P ERERIs tRGugh b \sRJova@8 i n the
countercl ockwi se direction of the forward arrow 110C advances the needl e 50

in that 180 Haskrrovigad imeths grruphousige bawr ldiod thegtladegroup hopping hlddr(asn t he
cycling sut yehngifid 7 [oGinge Y1 F4ndl 108 18t 8ell)) FriRore; e
rearward arr(():wral%MfliB5 .ibﬁag.?{?%esgl{lgg difnr ecltOFégﬁ(t)? sel%e?’;g dm)vemsn%attw-oB1t1 t he
drive dir ecsétonf eppositelydisipased, d@d diregtionhl bladerclearahce siopehddhare povidedunr ed to
bend and set the forwardly- incli.ni dri.ver, .bl ades 11..2B.for. forward

s ommnt ot pash o iHoARing phse | DCtabill i Al 30 iR RARR SRaE R, oy anr dl y
34 WO 03/ 028&4i4ingGhé USOR/b3IEE 412, iregpeitiichy The drivier bladete] 21t @ atedl inf f ect ed by

cont act _ pet n the. angl ed.parallel.ogram sjdes 139 of the respective
paral | eiggr RBlosating 0%&?%9;@(5 m?‘ﬁ%ﬁ%é &f@%ﬁpa‘fhrvgé%af@ﬁ@m? Fg¥pl at e
134 and the1s@WWRs sﬂétyoi_egﬁ,%gbﬁ&l}l-@@ osk@ ARV & HIAEs t| #P nd 48 respdéifie sets
rearwardly-inclining driver blades 112C are out of contact with the needle

50 5 duri ngox groupscefiditver bladesihiiz ee positianed émorrostie dia¢csiopprdidentifiedast hey are

t d I [ . / I 138
o the dr: vEr ARl E aEL LAY RS Je ) B R e AT 2E 2 o
t he dr awi ngm askordhnehaiisthelbppapieckicttionahpositaiinghef te iwesetd 0fbladed di recti on

setting,plate 134 d ade group housing 110, 10 illustrated is the
0pposi t%&mﬁlgaré?cerfz(gﬂllg&oper_ati on fromthat illustrated in FIGURE B8A.

I 'lustrated are RbRrimatoWIGURES MBI 8dch@f the dtRier bladekes] 2 t¥gicalBeinclubes a
needl e- engagérggal leaf tensioning tab 118 or a longer tab 118A (iilustrated in phantom in
FIGURE 7A) connected to a vertical fin 116 by means of a narrow, bendable center
spring leaf 114. Each of the leaf tensioning tabs 118 is further characterized by a
25  bottom rounded end 119A that curves to define a concave needle contact profile 117,
having angle chisels 117A and 117B (FIGURE 7B), which concave needle profile 117
terminates in a top rounded end 119. Accordingly, as illustrated in FIGURE 7, one
set of the driver blades 112 (the forwardly-inclining driver blades 112B) are
oppositely-disposed and positioned with the corresponding concave contact profiles
30 117 (FIGURE 7A) positioned for engaging the needle 50 to drive the needle 50 in the
counterclockwise direction, while the corresponding second set of driver blades 112
(the rearwardly-inclining driver blades 112C) are positioned in the opposite direction

to sequentially engage the needle 50 at the corresponding concave contact profiles 117

when the needle 50 is to be driven in the opposite, or clockwise direction. As further
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configuration by forward positioning of the drive direction setting plate
134 as shown by the direction of the forward arrow 134A. The parall el ogram
si des 139wofoswbss4corr espondi ng paral | el ogram hol es 138 ( FIPGORE048)766.ct upon
the respective |eaf 15 tensioning tabs 118 of the rearwardly-inclining
driver blades 112C bending theminto contact with the needle 50 and thus
facilitating rotation of the needle 50 in the opposite, or clockw se

di rection fﬁlﬂmrﬁﬂ%ﬁtin piéyg%_rﬁhﬁd?ht@ﬁ%ﬁ%ﬁﬁ tﬁéblal@%rgﬁg%x\i\ﬁﬁéjsll(}gl, ?ﬁdﬁ%\/\%fs arrow

110D, indicates the operation o e reclprocatl rrver
di rection. 200Bsn thelresproadteng driveFl GURESach shapkdlto defin¢ bppoditelyidigpesedhe gr oup

housing b 11 1 of t i procati drj 108 is.fitted with t
downur dl y- g strhgTe (2 | CBRBLES BrpPrih BREP G it ohEh el it ey
whi ch i ncl ude rkedleisen&ambmially inoped ihahgitresctd’l F1My dedtioiofithea cabl e (not

illustrated) that connects to the reciprocating input collar 1216
mechani stn ofediMecaingdevesi8n tube 1200 to facilitate operation of the 25

reciprocating dr RéfhriddSaiMtARIEREEES b9 0Wf HRCArh R hel Yhd BVeRialdORRg t he
trigger 1267 on the handle 1260, as illustrated in FIGJURE 1 and as further
her ei naf t er pigsE4iip pasitiongdrheneath and adjagent thd reqiprpeatioREriyen Q8 astiBustrated

downwar dl y- @ﬁ%ﬁ B9 ¢l eaf { ORIl NQ: ionlf ' i s of
driver bl adgﬁs(f; 1 \Aﬁlﬁtﬁﬁ’pgr %rjf‘d;ert. O%P%J}S%%t%ﬁle cgﬁgé‘g%g%éﬁsgﬁ?@c‘%{%%‘%ar
drive tab chkpmedapet probpsoflidb, sefsencly b ppmtsitely-disgosed, ldealddirectionat igedidi ng

drive direction.setting.plate parallelogramholes 138 in the drive

i rect; b ssnr Rirgctpigsie g ifopdrr AT e bOlREEL her et o or e
described. dRehwirdiyextbmiifg (GRefsidning b1l SyTdachldy thé cdrR@pstidaydlygs t he

reci procating driver. 108 i s shown_assenbled with the drive_ direction

setting pl apesitiggdssiyer pladeslilgeas gt ip FHOURER- Rl tor potipns of gach ofo t he

group housi : ef i :
BT/ Us02/ 31 J84SPgEt %ﬂvfgg{ahglﬁzﬁ“ﬁﬁgﬁbg? ggﬁ%f?%ﬁ%?/%@ﬁ%ﬁg%&? Onger tab

cl ear ance skhlots 1245ntheretipmcating drivedil 0{ @ ilbustratet tim REGWYREt7eanti3 heretpfore
facilitate drivin f thesn e 5 operation of .the recinpr I ng
arver 108, Sl nlisn e ORT el el o st R Bt eni Wi B6Bb3ER,

posi tion w hbles £3Pareishapedtih hercoafigiratiat ofiegpaiilleleyrarh e angled mallel 3ngf Wi t h
the 5 reciprocating driver 108. Al so illustrated in FIGJRE 10 is t

i rect] on AROELPIES BB e ROFRIP e ieb e FRge AR AT E ST Bed
attachment by 48QisPbicdSorlbdrscting the 18 itédsitmin} @be1 1Bth sedhtcélidspsdsivdioset ting
access cable extension 141 includes a direction cable crinp trough 148 for

at t achment , rqtefion ofdhg driyadirectipn seftingplele)! 3thios Ruipgseselesasivge dckowr ough t he
Tl on 08 1Rk PREhESS Al 1 SAPA S A RO
needl e 50 i RIGURE® s sloebladelgrdup iousary PidBategmentodf thdreeciproocatngldrieartlio8 s
setting pl ahﬁls&%éd superimposed on the corresponding section of the drive direction setﬁng
plate 134 of the crescent 101. The forward set of oppositely-disposed driver blades
112 (the forwardly-inclining driver blades 112B) engage the curved needle 50 as they
25  areslightly bent at each narrowed center leaf spring leaf 114, respectively, by
rearward setting position of the underlying drive direction setting plate 134.
Accordingly, the forwardly-inclining driver blades 112B are in needle-driving
configuration, such that operation of the reciprocating driver 108 in the
counterclockwise direction of the forward arrow 110C advances the needle 50 in that
30 direction responsive to operation of the trigger 1267 in the cycling suturing and knot-
tying device 1 illustrated in FIGURE 1. The rearward arrow 134B illustrates the
direction of setting movement of the drive direction setting plate 134, which rearward
movement is required to bend and set the forwardly- inclining driver blades 112B for

forward incrementation of the needle 50. This bending of the respective forwardly-
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Wi th respect to the reciprocating driver 108 using the slide swtch 1211,
as heretofore described and hereinafter detailed. Further described in

FI GURE 10waroa/ordses r espective parallelogram holes 138 in g/ o2/ yged
direction setting plate 134, each of which 15 parallel ogram holes 138 may
have an angl ed parall el ogram side angle 139 for engaging the respective
paral l el |eaf tensioning tabs 118 of the driver blades 112 and bending the

driver bl ad%ul%%e&fvepga{%ﬁrﬁ%qgEffef&e@@y&&ﬁ%c%Bétwaen {h%%éﬁﬁ%rf]ﬂ&ﬁa&?m

sel ective engag nt o e opposing s€ts of driver bl ades t he
needl e 50, aides 139 efshe atspettive papiBiREgTEleBSIBIGHREHY) irethetdafvor e

descri bed. As i lJustrat I r AW th
reci procati ﬁge%lrolnvsggrnnﬁ(?gﬁ? 294 %@aﬁ%%ﬁﬁé’éﬁ%{ﬁ%%ﬁ%ﬂg&% f%é I&F‘r ection
setting pl aThe idwadl)-inbEnihg dgeer Hladeed 12@ake o) 6 tentact elithdtkelneadld S0

arly illustrating the c ity for

assenbly, the.copbinatio rre part.icu apa

bi di rect? png}m% t%&ﬁgwﬁm?n# Refdiegaputent. gs i af%?qtépgfgéﬁd al so

i ['1ustrati ngy gaumwaletheah 8idss P10 6f the pRraREbgai K& IBSAY div diRkfisn Of drive
access 25 cabl e extension 140 and direction access cable extension 141, for

oper ati on ofettihgplateelddpr ocati ng driver 108 and the drive direction setting

pl at e 134 beneat Rkhien ] hoketh FHAYRA Y o BRRIGH Hin SFELRAL bl ELELRES

12-13A of the draw ng reci procati ng tra
assenbl ed onf theariverdH)8| and migrechidnvsettoigrpdate il 34 asdbladaigropp Avesidgild,n FI GURE 30

13, such.th ne,of .t he dogwnwar dl.y- ext endi n riv cess (ca ensi ons
Ta0, *at 0% ndisR: funh PledsTh BUTGF A6 Heste A, RbmdRn AfREIE IGURE Vor 208
at the bl adgA. gnestptddcusihegeakderdly-inclihing skivat ldd Xt 20dienia debdlegfagihye
corresponding slot inlet 14 i.n the gri ve direction ,seEPii n?%ﬁzliate 134,

that |eads feftaveationhydpryasd pesitioningekths dgye diraatien spiting olate { 1as shownGURE

13. One endbgftheadif@'dié/r?oﬁﬁ@ kSwheTehrdw 134 AhtThy pé%ﬁlilémfrgmi sides 389 VWEXHA37 028544
PCT/ US02/ 31764 the drive cable crinp trough 147 of the drive cable

ext ensi on l1ao@respordingparpli¢logramaiodss 138 {FKHEREBT0) et ugomtheaestiegtivedeaindi ng
di ti . ) fi . . : :
I rection a eg@l?gw%g%&el 1%%tf%Sﬂemrd]lé-}?%m%%ecg‘n}g?blah%klel l(ir(l' Bl%pgfg&g%g ﬁrﬁg whi ch

setting pla receiving one’e I rection ca
is tightly centagedth the hésdledd(r aait thonfaciitdtmgaoiatipn bf thegbedld 80 af thehe directi on

5 access cable extension.14]1. The.drive.cable 12 the direction cable
1245 are - cORREEDEE SReRPHE B e S ihgeenat FITRE s tRe i, ol | ar
1216 (and t BRckwisgaRbéw 1186 /ihdRaks i dpefatish iof theS¥bipoBatingldkiver eSPRGHIsVeEl VY,
both illustrated in FIGURE 1, as heretofore described. Referring nowto

FI GURES 13Adiraetioand 15 of the drawi ngs the reciprocating 10 driver 108 and
e S 26 OLr o amashnprRiokes Shon0R Sk o SsoRT e e
t op assenbl Y11 of the reciprocating driver 108 is fitted with two downwardly-extending drive
access cable extensions 140 (one illustrated), which include a drive cable crimp trough
147 for receiving a cable (not illustrated) that connects to the reciprocating input
collar 1216 mechanism on the transmission tube 1200 to facilitate operation of the
25  reciprocating driver 108 in a specific direction by manipulation of the trigger 1267 on
the handle 1260, as illustrated in FIGURE 1 and as further hereinafter described.
Further illustrated in FIGURE 9 are the downwardly-extending leaf tensioning tabs
118 of the respective sets of driver blades 112 which project through the
corresponding rectangular drive tab clearance holes 124, for projection into the
30  corresponding drive direction setting plate parallelogram holes 138 in the drive
direction setting plate 134, as illustrated in FIGURE 10 and as heretofore described.
Referring to FIGURES 1, 10,11 and 11A of the drawings the reciprocating
driver 108 is shown assembled with the drive direction setting plate 134 and the drive

access cable extension 140, fixed to the group housing base 111 of the reciprocating
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el ements of the crescent 101. Furthernore, in FIGURE 14 the fixed way
direction setting plate 136 is added to the assenbly of the drive

di recti orweaB2ssgs pl ate 134, reciprocating driver 108 anacfrivsend3wey 104.
Moreover, in FIGURE 15 of the 15 drawi ngs the case 102 is added to the
assenbly and one of the two drive access cable extensions 140, attached to
t he reciprocating driver 108 and one of the two direction access cable

ext ensi ons nnes ted to the dr e directi ettin 134, project
downwar dl y %ru@ §teat?f? TS h}s{ u§g ajlgneer ga% (a%ar%n glo%%‘gﬁ t he
drive cabl ednxledi?eo@ad settlﬁgptateors«;ablfzenlixat@&rﬁzh@mrftﬁenéadldﬁm optrftlonGA,

respectively. The fixed 20 | aced over the_ other nternal
parts, fi xeghe\ﬁﬁ?p’fﬁc?-t&&‘?rﬁﬁ’rvﬁ%tvﬁq‘lt% Tiy¢ dipgctiogspitiag p 4a‘lneasf &tednd dri ver

108, can tYBbé'-iﬁ‘J)ﬂN'ltﬁ?es?&ﬁtto‘M%lrgﬁgrogﬁtldgtd}ﬁfe‘f“l%?atﬁit.tr@ﬁ:hEQWnIthé he case 102
for maintaining the as Ments Ian ace. Referring to FI GURES 6,

16 and 1Y ofeciprecagingdiiners! 08helsq yted ImAUGUHRE 10 iy the dirastion aseess calde udes
over head cop }§Q d needl e
access sl ot %E%Eié)&\%} l?ﬁrggﬁ{éﬁgrr xed@%gﬁ%ﬁgxggg%%igt @éﬂ%dn%%%%&éé% 104D
provi ded i nsetimgpldteal3dr (Theeirattiomnstting aocess hd)lermdemsicbrdMldnelrukiesaaj connecti ng
menbers 150 ,and. 150 Eac t fixed way hou 104C and
ToAD | nol uadaestion atle siap tomehd g S At ehaet a0 8 CRuP o RSt eRhdn ' R
way bl ade esmeidtddBrogRthe tredghissioatulicelB g stigé g@ﬁaprmlnrmuétfawnh t abbed
fixed way bl ades 30 112A, as_. hereinafter further, described, As further

i I1ustri®edFl@U RE@J@”BCQWSC"NHX@(S“llt%%/d@@ﬂln@éh%{ﬁ?{“% of ptafip ofdhs t ed
manner, di rﬁ@éd#é’ SERANE cleBi@nf RS @ﬂﬁﬁbhl‘ﬁﬂoﬁ&f #8'drivd QR edtidh S@Qﬁlg%pdté ightly as

to prevent It fromrecliprocatin his position the fixed "way receives
t he ar cuat e witheeipect30 thmeclpmcn@aid@vead @&srsng thetslids owitclp i DM, axleretafarte t op

of the fixe bet vV t 150A,
for 37 WO 0&7%5%%‘11%% %\ﬁﬁegfl %tﬁ%‘ﬁ ges ?%Sgg? e%r?elﬁgﬁ@%g{eﬁ%ﬁlé e%ﬁrgr%datl ng
the thr eadI ;ﬁﬂﬂlldlbgr’ammolﬁnlt%nglthd’tg‘l\tehﬁ?recttldﬂmdlgﬁﬂﬂeds4,téaeh pfetlicR 50 is

i ncrenent a riven aro the fixed t th

reci protati A2 @?lrgfém Wﬂr}gén?yt}ﬁvlﬁ)érl aﬂgaéf’ ﬂ@@g‘aﬁ’eggra 0{139%{2, T | Fust rat ed
in FI GURES Bphga %ﬁhg tﬂ@resé&ﬁv@ﬁ&aﬁ& 184t téRRNEHMb NI dfhBe vk Blades WY arfll I €ct i on

setting plate is i strated and is provided wth opp osrtely angl ed

sets of fi xbendiegthadrisentledesdé? af eagh prsnedivesenipn Sérregrleaﬁlﬂrér tasfiegga
t d f
P suent - an el PRBGRR ST f LA BB SN SR sG ,

['ate verti cé
mat chi ng th'fllufsira:tediim@lﬁtﬂlﬁﬂéAdndMasﬂneteworthed the fixed way 104.

{hat - ard? nount sq s el EIGRE Tana el o B R R B pA IR et ng
plate 136 apgih sHown@b&ablad oh g drigiditectidsitstting platedsd asd aiedomgr ivedes

way 104 is included in the assembly, the combination more particularly illustrating

the capacity for bidirectional movement of the former with respect to the latter, and
also illustrating downward extension of one set of the respective pairs of drive access
25  cable extension 140 and direction access cable extension 141, for operation of the
reciprocating driver 108 and the drive direction setting plate 134 beneath the fixed
way 104, respectively.
Referring to FIGURES 12-13A of the drawings the reciprocating driver 108 is
illustrated assembled on the underlying drive direction setting plate 134 in FIGURE
30 13, such that one of the downwardly-extending drive access cable extensions 140,
attached to the group housing base 111 of the reciprocating driver 108 at the blade
group housing 110, is illustrated extending through the corresponding slot inlet 149
in the drive direction setting plate 134, that leads to the longer tab clearance slot
145A, illustrated in FIGURE 13. One end of a drive cable 1247 is tightly crimped in
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136A and 136B, respectively. Furthernore, detent notches 137, detents 137A
and 137B, clearance recesses 137E and 137F and entrance stops 137C and
137D ar e wehiapess44 n t he out si de edges of each end segnent pafi/tsaz3fibked way
direction setting 15 plate 136 adjacent to the fixed way direction setting
pl ate parall el ogram holes 138A, respectively, as illustrated. These

el enments are instrunental in cooperating with the drive direction setting

| ate 134 1 Nni.n i i.on.. of . le 50 i
Thet S o otk AL B ST R BB P o garke 50 1T
di rection sétdriend tid ddvenwn6lyrextenlding Qreotiodadtessi dablezxteapban 4, fixed ved,
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ext ensi ons 140, extending fromthe overlyi reci procating driver 108 and

: | yin .
the diredti dfFeareablaexsension 1kt dihedang cablq 124y anddhe dirgption cable d B8 a5¢er | vi ng
drive directj ' , - j 25 6B.
Ref erring ngevﬁ{égt%g}a%%%gmé%%5&83%8%@&fg*5%§% éﬂld uggﬂia%gég?(dtnﬁéﬂdr ngs the
drive directl?@h agdte theglige swiech124 1 avespechizelfi baghl ilusiratdd ieEIGOREdeas i ng pl at e
136 are il reat ) ri nposed on the case 102, with the reciprocating
hés'g %%;ﬁ%@@

driver 108 3H« otf%rg i Xéd way 104 omtted (FIGURES 20 and 21) to nore

particularly ill Beferdh@end0 toc FOQURAS IBA, Hdtand @8 of fie diawings dierresiptoentiget ti ng
plate 134 and t fixed direction setting plate 136 in deternining the
di rect i iﬁ% 0 ﬂﬁ@gg’ﬁéné Dot direstin seft ﬁﬁfétléﬁgiedl{‘ﬁ@t‘?aaﬁgaéseé‘idbgiff 74 and

the cl ear angrcéEmessenibiddpdsitiin BAbARUR At AW R4, &UGstPdtOthe tdPdddembBt h
| ocated in a detent notch 137 (FIGURE | 9A) | ocated on an outside extendi ng

edge of oneeclemgnistof thecapsopnttlipd. Feeberpone in FIPYBE 1d)the fixedhway fiteddionay 38 WO
03/ 028544 PCL/: 4 I3l | Q0580 b 36, .. i xed way
housi ng 104%[%4@?%{5 Egsééd(%/\yg}g%fg sea%égﬁgrﬂvﬁgﬁféx%gge%lybﬁggﬁ’i on
setting pl ateipt@Gitind dsgeroild and figed stagp 043 Meremar, it 6IGERBEAfdefitpe cl ear ance
recess 7E ,(FLGURE 19 e proyided in coryespandi n detent nqtch 137

| ocat edton ervigneree 2 RRERL B s b 8 T AR AR s SR ) o
the fixed wastesisRCld0OattatRed ol fekiptecaliBg dfitdrF0RBENS Bpe oflthe th@dFectidBB 1 S
also illustrated inqt;fgpwa,rd-standi ng conflguratjon . on the end of the fixed

g .
way directi BFPeSSEPIG GEFnsIons &4k sennaciedde the dyeidirepticartinelatid 34 aroist t o
interrupt tagvelvadly hitfighl2t8sk cli@incdislo? ¢id Bnhe @hdel 108, MRtk dRE Ubleh respect
to the fixed way 104, by contact with the fixed way housing 104D (FlI GURE
19), as her &24Vadndadireriion eable RAScshpwads cimpedior plegeerespedtively. (The fised s of

08D, 40 08 S OB EHEREL AR 95 B B B B o o
with an direction plate 134 and driver 108, can typically be spot welded or otherwise attached
to the case 102 for maintaining the assembled components in place.
Referring to FIGURES 6, 16 and 17 of the drawings the fixed way 104 is
illustrated and includes overhead connecting members 150 and 150A, separated by a
25  curved needle access slot 150B, with the fixed way housings 104A, 104B, 104C and
104D provided in Spaced-apart relationship on the underside overhead connecting
members 150 and 150A. Each of the fixed way housings 104A, 104B, 104C and
104D includes two sets of oppositely oriented, parallelogram-shaped fixed way blade
mounting slots 122A, for receiving corresponding longer tabbed fixed way blades
30 112A, as hereinafter further described. As further illustrated in FIGURE 6 the fixed
way 104 is mounted in any desired manner, directly above the reciprocating driver
108 but not so tightly as to prevent it from reciprocating. In this position the fixed
way receives the arcuate needle 50 in the needle access slot 150B, provided in the top

of the fixed way 104 between the overhead connecting members 150 and 1504, for
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entrance stop 137D and correspondi ng detent 137B, both | ocated at the
opposite end of the clearance recess 137F (located in the detent notch
137) fromvoDheoesamge stop 137H. As descri bed above correspondisay3egbenent s,
including a second entrance stop 15 137C and detent 137A, as well as a boss
136A, are provided on the opposite end of the fixed way direction setting
pl ate 136 and sone of these elenents are illustrated in FIGJRE 39.

Referring agaiiioe i RS nd ac&inm8&itinkIh ASH) etdn drawi ngs,
shifting of tﬁlegtctirilgéee&ii rectaiagn settilrr% p?gl?eead%& aﬁ%ﬁgﬁe flgingdth\%ay

di recti on séreadhiPAes the acelld 3Gisiheramentgie drivervarphied thiefixdd way 1004y ( not
illustrated j : S 20 . S e i irection of
traverse of ot’ %ggénnee e'sy r?%%fl ﬁé’)‘%’ %rf()leog’ %@%ﬁ%&i‘gémﬁg%%&%?gt ed. As
illustrated i n FIASUREEata,in FIGURESIH 16,388,484 anf,19wifide drawings eesfixedd t 0

drive the needle 50 in the cl w.se directi.on on, the fixed 0
1) st v 1 oo dhegihn g Hsie BT EaiGs e i proSiieh T epogsl pangled

reci procati Bés 6f fix®¥ waPSirdcloR setfin® platy pandlleRiRirA HoRR 138 Repdkitioned i r ecti on
setting plate 134 is first shifted to contact the boss 136A of the fixed

way direct i prcedeparhislgsioaship amgnd theayrpatirg of therressentsbppasyfixedyeayat i on of

the slide sw : : i i S ﬁa['u i xed
way di rectigqrfé(g%{l {gle ﬁ‘g%?%?? 1 %e&ﬁ%ﬁ%t‘?ﬂéﬁ ﬁ%r@‘ S?g{akg)%grgr% ‘gw ggﬁoﬁeé

FI GURE 8B aMA ihthedixedwsryilO#tuThe setedf fixedrvGSUREStIB0 setting fRte and bends t he
rearwardly 30 j.nclini.n river bl ades 2C in each of the .blad roup

ous! not 118l s e sh harief Rt nEAGH e BRIt D BB W ¢
the needl e BRedtiohGelBng PBYe 136 @t t@mindial atdied @side t3dsbyaupvdriiatahixgbosise boss
102C, Iocatﬁ on %he | ower po tilg)n of the outer wall_ aof the_underlying
case 102 (FI %ﬁhﬁ‘} 8968, Agspeeirieher yriherraereadetent nqtobpsd R deigntsiféAmnded case
boss 102C r i giaS dIdarddle rdPRst B 7H S/ BTFndRaESRe ks 138 WREN3 1D &rd ange 39 VO
03/ 028544 PCT/ US02/ 31764 stop 137G and the detent 137A. Accordingly, the

drive direcshapad dethe ontgidsledees afzach end ssaimenteaf thefixedewaly dicestionsetingt he t op
arrow i fe F . 'ﬁghq@%e . [ I | GURE
8B, is i;r'soveé?g \%Elt%]ardéagg%ctélﬁ}e‘o e n‘g%elra?{?firl %"3‘"&%@3{6 e{%ﬁ@i i?g’f’u ntil

t he case bosspdiiR€ly( ad illudtatak ethesaelEinehiRafe i3&rurBéhtaliinl esopeyaingtwieh theent r ance
stop 137C and seats in the detent 137 FIL. GURE 39).in e fixed

i roction SBnYSAEeppheetngariY sl Feahins iy Bebiorcht sREERER I « he
needl e 50 i feedld$D &l tBE KxéEWadl 0£GE Ftther Béreh@fted dbaéritRl. dasEkidedy Referring
now to FI GURES 8A, 21 and 34-37 of the drawings shifting of the drive

di rection s@ireqtiag spiting elateskdG in alsperevidedavit a coplpeas: usvedadispontingavsed by t he
(99,10 25T st IR ot el b S psgd o 120
i n each of fiked whwndigection setting plate parallelogram holes 138A to accommodate the
respective drive access cable extensions 140, extending from the overlying
reciprocating driver 108 and the direction access cable extensions 141, projecting
from the overlying drive direction setting plate 134, as further illustrated in FIGURE
25 6B.
Referring now to FIGURES 6, 18, 18A, 19, 20, 21 and 38 of the drawings the
drive direction setting plate 134 and the fixed way direction setting plate 136 are
illustrated superimposed on the case 102, with the reciprocating driver 108 and the
fixed way 104 omitted (FIGURES 20 and 21) to more particularly illustrate
30  cooperation between the drive direction setting plate 134 and the fixed way direction
setting plate 136 in determining the direction of needle rotation. FIGURE 20 details
the range stop 137H and the clearance recess 137F that extends from the range stop
137H, both located in a detent notch 137 (FIGURE 19A) located on an outside

extending edge of one end (typically the receiving arm 101B) of the fixed way
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group housing 110, 110A and 110B of the needle driver 108 bend to contact
the needle 50 (FIGURE 8A) and the drive direction setting plate 134

cont act s wbaslbossg4 136B and causes the case boss 102D to @agarpe2/st1e4 novi ng
entrance stop 137D at the 15 opposite end of the clearance recess 137F from
the range stop 13 7H and nove over the entrance stop 137D, to seat in the
novi ng detent 137B (FIGURE 21). This action term nates novenent of the

£ ved di . cotti | e i ‘h
needl e b ( SseairRE ol Aifnd Moty haind IO ro My 30! 10 o
on the fi xedeatalorlhé fingd opgdatctom seftingiptate ¢86.pAceatndmgngdrstopel3700Md as

herei nafter 20 described. Referri i FI GURES, 22, 22A and.23 of the
r o ngs. + nESTSSRER e Seaprrertsn 12 B AR Pl s et oh o S50rPORYiTB
setting pl atetedt3tbtcl EX7 IpEAERSM the oppdsiRrextd8ingand (fypreally ¥@¥andi@d aghe shown in
assenbl ed configuration, with the respective pairs of drive access cable
ext ensi ohs 19bAbeidheifixed wap directionise§ng plate §3Q:&6GQR<§<3%nsTl%ﬁﬁosih~’i§B 5

respectivel y, &1&&%&{1% §whd-ReR ! &Hﬁ%%ﬁ&%ﬁ' Ehe'téaagm{é 08 ey BcHEY

direction setting plate slot 14271n t fIxed way |rect|onégett|ng pl ate

1ﬁ6 I(FI GURESttirg\plated] 353 ) ustradGuREGPR H L&artde?e}f\'rels Itmimeratpiesrgv&i@f thedxiedi t y 01;I
t . 1 :
i the 1 xe RN Bink Meh 100 Tin b BRI A A0 BT 04 B Gt S BETL P

sane nmanner fiaed whyghousinge104D GUSHRELD)] #s Heneinalter farchep deswabed gFwithevraore1 08.

The | onger tabbed fixed way. bl ade 12A il ] ustrated i FI 24 extend

¢ hr ough 18 he 1B tAREe(E108 QPRRRGEY S BRI T 6 SBSTIRGEA A of ¢ ho
fixed way 1R4le2MSBA BfeQilsoNhoRARR MY D& dWa4alirdéBon SHttiRChlben 388416ngWitRlhAt €
paral | el ogram holes 138A in the fixed way direction setting plate 136. The

needl e 50 FRiragice sopHAvR and cpraePendng HefeRtis 7Pe bethrleratad 4t ¢hempesite ards and
the fixed “@V?lé?ﬁegraﬂggreégss%p%Qﬁgéﬂﬂhg%{gmlﬁﬂﬁﬁoﬂ dﬂg r;li}lﬁégﬁ gf oup

housi ng 110 o reci procati rrver IS 1 trate e
proxi mty t d31HeAfidgedibedgbdvewsiraspondiag clements, onvhudingla ssfcondentthnce stop

the undlh 1 yins: AR A LT PR Bh Ao Rt REBR P e 5T aa” O
further il ugtheteehy dircbi@dr somingelste a8t e sdmEbARE eldnénicarselibchtatedGni s set

for clockw se increnentation as viewed fromthe bottom As contact between
the drive dFIEEREGH- plate 134 and the boss 136A has shifted the fixed way

direction settinfefldieaghibfrol IGURESLLEIS 8RS 19050, 29'4Rd 86-3bRF kM & B8wings,
direction, as described above. The | ongér tabbed fixed way blades II2A are

bent as t hehifiimgrafshrodriNerdirechonyesttingplate 138 and the foxedtverytdiveciion setiéngs| ant ed or
onol o0 36, P 000 A IR s ERESRRBA S HloRatay Bt o1,
to stabil i zsetbhdetamaide ehe direction of traverse of the needle 50 in the fixed way 104, is
iilustrated. As illustrated in FIGURES 8B, 20, 30-33, 38 and 39, when it is desired to
drive the needle 50 in the clockwise direction on the fixed way 104 (illustrated in
sequence in FIGURES 30-33) by operation of the reciprocating driver 108 in a
25  suturing operation, the drive direction setting plate 134 is first shifted to contact the
boss 136A of the fixed way direction setting plate 136 (FIGURES 32, 33 and 38) by
operation of the slide switch mount body 1211 (FIGURE 1). This action moves the
fixed way direction setting plate 136 in the direction of the arrow 134A in FIGURE
8B and the arrows illustrated in FIGURES 20 and 38, and bends the rearwardly-
30 inclining driver blades 112C in each of the blade group housings 110, 110A and 110B
of the needle driver 108 into contact with the needle 50 (FIGURE 8B) to align the
detent 137C and the fixed case boss 102C, located on the lower portion of the outer
wall of the underlying case 102 (FIGURE 38). As further illustrated in FIGURE 38

the fixed case boss 102C rides in the moving clearance recess 137E between the range
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50 and prevent reverse increnmentation of the needle 50 during operation of
the device. FIGURES 20, 21, 24-29 and 39 of the drawings illustrate an
oper at i oralb is@egsence of the rotation of the needle 50 in tha/ushoaikes se
direction as seen fromthe 15 bottom (FI GURES 24-29) responsive to
operation of the reciprocating driver 108 superinposed on the drive
direction setting plate 134, with the needle 50 placed in the

reci procati ey endi- g i . > | at, . 1508,
et i hed by “faRe¢EindiEaat 137 DR Ind BEvRERLE JARGE T, L

di recti on sehifiedgn pleatirectidBef the taprartomainl EIGYMRE t2i1 parelchsdsdicatbdiby tiat ed i n

FI GURES 20 and 39, wi th roup 2Q housing, 1 of , t.he reciprocating
driver 108 3’8§Pmtaﬁfé’wcﬁ}‘r%’§%&%ﬁﬂgggi 1)?5‘80"\?/39”@68&6% O%Q%Megﬁﬁlgt% E(Flolde
group housi BIGURE 11), il theab®bers d02Ogilkirsed inIISGTHRES 88- 39 19d8s dvBethe

correspondi ng fixed way hoysing, 104D in the fixed way.104 (FIGURE 24). The
drive di Pecthiprcgstopi 13 Cﬁmaﬁ@atagut%ﬁégt%trwm@éwwe’e‘% indhwifped atayd by

operation ofgikBfon dethePidte T36.OPSEVideNd ndH G8SRr fiRRinfenBink %{é%iegﬂ'ﬁ 5%3_ to the
position illustrated in 25 FIGURES 20 and 39 to set the fixed way direction

setting pl atle daekvse dirdction,rag her¢inaiigr désatbddi t at e rot ati on of the needl e 50
in the clockw se i I L b RET. e aver.sal t he

reci procating dri vg%rgﬁé)h&gﬁ%ﬁf(ﬁgﬁgrg;é\%ébgialrlggg'i?’gr@geet ﬁ\%{;ngs B‘P‘?‘%“e% %ﬁei n
concert on uhiee tiraetdnwetying Plate Vivein thdrelobitwde digectiop ab indicatg] BylBBtopappr oaches
the fix way hausi 0 in the fixed 104 as illustrated in 30 FI GURE
25, theﬁee&%@w%%ﬁgp#péﬁ“we?%%éi“ﬁ?’%ﬁ%’gﬁe&ﬁg\}’é‘ﬁe% }n§1§ driven al ong
the fixed walckitheld@eRiddl 8Cthe orwaRdIgliNclRing difvet biaaek V@B RS Hthd BB as
further illustrated in FI t he poi nt of maxi numtraversal of the

GURE 25. At

reci procat i BgPupdronsiag 1104 1@Arandrld 9B« the reefigddrivies EQB byl ta gantagtitee needl e 50
: | q $ . T . |
e o read g YRt WIEE SR PSR e MR L, ) 2,
112D i n t he 18R end vaugeslibd casadosh 02 et gngegeathe mypvilrg angnanddBop $37D at the

- ted .i h t | ockwi di tion, ill ted in FI GURE
26, 't he heeapeosi 4 of thE USSR aTE SomL PR stop A SR e g | 5
rel eased. Thig: ¢n@rahdy steyal3 My t6lsday &Y thd Bdbvirgsdetdhy 3 37B (EIGERIE 00). tTHds p@font | on

illustrated in FI GURES 24 a 6 for apother sequence 5 of gr.asping and
rotating t hée%@éﬁSénwmﬁtge Ezll’i%‘; PEX gaew seing Pf?é?\i%ﬂ@dfac@%‘ifent i al

rotation of ghbmgnReet Red@ s03n&fifi8Gt84) Bytha ddbddieNd colRGIEIERM A difepfiyypr d and

backward traversal of the driver 108 On the ?l_xed_vvay 104 to the position
i |1 ustr at edonhe fijediyrys O by-apgratign of thetreeinrocatingedrinee 0% asbeieinadet ven

progr es&vehé Cﬁé&rnd t he periphery of the fixed way 104 and through the .gap
105 (FI GURE 3 éfined by the 10 fixed way housi ngs 104D and 104A,

respectively. AcRefalfimgagain tolfdGURES 22,22Apand 3t dfile dinvireys tHdfxadewphes t he
position il l(hl'rlgét{o%tsgtqinig ?)lalt:cl, %g?%mz/g Hirgc%eon setting plate 134, reciprocating driver 108
and fixed way 104 are shown in assembled configuration, with the respective pairs of
drive access cable extensions 140 and direction setting access cable extensions 141,
25  respectively, illustrated in position extending through the fixed way direction setting
plate slot 142 in the fixed way direction setting plate 136 (FIGURES 22A and 23).
FIGURE 23 further illustrates the proximity of the longer tabs 118A of the longer
tabbed fixed way blades 112A, secured in the fixed way housings 104A, 104B, 104C -
and 104D, respectively, in the same manner as the driver blades 112 in the
30 reciprocating driver 108. The longer tabbed fixed way blades 112A illustrated in
FIGURE 24 extend through the blade clearance slots 120 in the fixed way housing
104A of the fixed way 104 and into corresponding fixed way direction setting plate
parallelogram holes 138A in the fixed way direction setting plate 136. The needle 50

is also shown in position in the reciprocating driver 108 and the fixed way 104, and
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reci procating driver 108 again rel eases the needle 50 and reverses to the
position illustrated in FIGJRE 24, |eaving the needle 50 in the advanced
position wbloasessated in FIGURE 27. As the reciprocating aCDaEs02/3084i s
caused to nake anot her sequential 15 novenent around the fixed way 104 as
illustrated in FIGURE 28, the needle 50 is driven conpletely across the
gap 105 between the fixed way housing 104D and the fixed way housing 104A,

such that t il e fint 1S d | i close
o oxim by 1 S iad o DgnGRhe 10 MR GeailRs by DY S ABLEARd B 166098 |
t hen ret ur pexkimggitathedixet evag houting h04A | wish ot e@d dfthddrBtdRlre2dorasadtingn FI GURE

29 after 20 I i ng the. needl e 50, f.or.an r i ppLng.of .t he needl e 50
2nd dr  vi ng Pl AEsaihe SRCEG SORPPaNDE BPBUaa A s ERAARIER v t he

cl ockwi se didire@idnQRitingPURE 136." ALEBIIEREE 3s WitHePiliubtrated deSdtioRdpdrgpdtivye t he
needle 50 in_the fixe \/\%5104 in the opposite or countercl ockw se

di rectioh, FHURE Adhaneasits Yis sslfor ploghyisanerementation as yigvreddinan thes
i Il ustrat edphfiodfl Qé%ﬁ&a&%egw%ln%ﬁe and afechg{l]gragép PICafdaREHRq96A s SEL 25 the

fixed way direction setting plate 136 in _ posite position on the case
102 by conskifed tie fixed vy diesction sattingoplated 86 iimtheipposite] Griconnterclodkavitos s

136B. Thi s ti,on causes .the case hoss t 0, en t novi ng entrance
S on 157D alTboiRR s RS B OB 11358 bhed e RRPRATLS DDA REEIR K0 T AnCe
stop 137H ait soeréspondinig 1biger tabetll 8AGe: Sintyetcidithe slastedbr anplédie novi ng
detent notch 137B. The action term nat eﬁ 30 noyenent of the fixed way

directi & s8pllelgesmsidesi3g of the ieapegiiyeixsdomavotirecHan sstipgplater) GURE 21) .

Thi s rever sggrallfBeRAREAALI B3A arifb BRAE RS thBateAOSY B dtibifitdERSd124- 29
and facilitates driving of the needle 50 1 n the opposite, counterclockw se

di rection a80gadprevemieysasedicementabon pithe needle 2hderingonerationiof & dexice104 by
reversing 42 WO L Y/ . i I ce

descri bed above gﬁgglﬁﬁ?f@f ?g';%b&? %{dﬁcﬁéﬁ‘%&%&%q{%@ﬂa e O(Yr% gd\?i\ngﬁggls.

Ref erri ng neequencerdf@uRiesitibn of theareddGA in thet dieckatisadiregtion heseam flensthde of

t he ass led. cr hS_illustrated (FlI 40) wi.th t.he se 102
f1xeq & o npoudh (ERFMES JhoohrespensiveP hpegfion TBGshrding difihect ea <o
the socket differiipob@or tht Atiee BitbotRhSatting ?ldtél WA witnheheddesTplasaiantthel 01
with respect to the jaoint ball 780 and the transm ssion tube 1200 by

oper ati on ofecimiecating duxer 1 08mgd extending g thepeedisisicesss slot 5x0B, defingdby 1256C

and 12560, g% dveliésd bctinReliddinEh GLIES0 46 RAsh, 4R o dircabolaisg; piggscri bed.
the crescent angle articulation cables 1256A, 1256B, 1256C an 256D 10

extend froml$4 jsauitiatly petitiened as dllustreted e KEGURES 20tand §8gtith therbdade goumui de
R T e R
arti cul at i oh044 hhethe blduieAgrovpamBing 126BGh the reciprocating driver 108 spaced from
' the corresponding fixed way housing 104D in the fixed way 104 (FIGURE 24). The
drive direction setting plate 134 has previously been manipulated by operation of the
" two direction setting access cable extensioné 141 to the position illustrated in
25  FIGURES 20 and 39 to set the fixed way direction setting plate 136 as illustrated and
facilitate rotation of the needle 50 in the clockwise direction responsive to
incremented traversal of the reciprocating driver 108 and the drive direction setting
plate 134 in concert on the fixed way 104. When the blade group housing 110B
approaches the fixed way housing 104D in the fixed way 104 as illustrated in
30 FIGURE 25, the needle 50, gripped by the reciprocating driver 108, is driven along
the fixed way 104 to project outwardly of the fixed way housing 104D, as further
illustrated in FIGURE 25. At the point of maximum traversal of the reciprocating
driver 108 with respect to the fixed way 104, the needle 50 is released by reversal of

the reciprocating driver 108 and held in place by the rearwardly-inclined fixed way
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and 1256D extend through the extension tube 1240 and through the

transm ssion tube 1200 to the selection bearing socket 1253 and the |ever
1251 (Fl GuBEB3L)8sas 15 hereinafter further described. As fectrhso2si7baustrat ed
in FIGQURES 40 and 40A, a thread increnenting accessory 1101 is provided on
one end of the crescent 101 for the purpose of manipul ating and
incrementing the thread 50A attached to the needle 50 as the needle 50

Lraverses t Baet eRASR nd Gled Ay 104 RE 1L BIA LRI 1P308 IPRincREIRId NO 10

FI GURES 1 an aw ngs the interfor of t transm ssion tube
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1240, t&0tn XF‘? gﬁ%?‘?ﬁ’%’?@g@?ﬁ@“@ﬁﬁé 1 BIRCINY: AR, JBSRB or oscent 101,
as further RajigbodingiveeBreidds thepbsitivh Mustratel iHRRESRE2H2hef the
drawings a detailed illustration of the handl e 1260, housing 1265 and
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various conponents in t crescent 101 (not illustrated) is illustrated.
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platformarea 126 hat,termn h. f d a
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U ‘E)Rﬁ?
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t he trigger SPisepentially d@6@l the-tikehwaydf4in thh elobeise dgeddd5 nay rotate with
Under circumstances where it is desired to drive the needle 50 in the fixed way
104 in the opposite or counterclockwise direction, the drive direction setting plate 134
is positioned as illustrated in FIGURES 21 and 37 and as heretofore described, to set
25  the fixed way direction setting plate 136 in the opposite position on the case 102 by
contacting the drive direction setting plate 134 with the boss 136B. This motion
causes the case boss 102D to engage the moving entrance stop 137D at the opposite
end of the clearance recess 137F from the range stop 137H and move over the
entrance stop 137D to seat in the moving detent notch 137B. The action terminates
30 movement of the fixed way direction setting plate 136 in the direction of the arrow
(FIGURE 21). This reverses the operational sequence described above in FIGURES
24-29 and facilitates driving of the needle 50 in the opposite, counterclockwise

direction as seen from below in the above sequence on the fixed way 104 by reversing
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respect to the handle 1260 as illustrated in FI GURES 42-45 to further

facilitate positioning of the crescent 101, illustrated in FIGURE 1, in a
preci se paeioBiozss4d n an 15 i ncision or wound (not ill ustratead)usbosi7sut uri ng
purposes. As further illustrated in FIGURES 1 and 43-47 of the draw ngs the

cradle 1265 is pivotally seated in a friction-fit in a slot or opening in
t he housing 1265, typically by nmeans of a pair of pivot pin bosses 1279
(FI GURES 44

d 45) that typi | Yo4r ' j in,1277, the
Cnds of wni 46 SRR Syt OsFRbeTEgd fufupl RS PhaBaR e 06 1o
pi votal | y ndtamtingsne cradle 1276A on the housing 1265. The cradle 1276A is
further characteri zed by a j a opposi tel y- di sposed
receptacl e nockskfwwm&%;é(g"gﬁ% ofﬁe}dr’fé‘_"ﬁgsa@?ém eZ?‘é?\O_fn or der
to receive tRas@HResiRtehlln id ARRtrhied FRRME &40 Witk th@Basen 02 Fxedtd k", such
that the extension tube 1200 can be rotated 360-degrees along the

| ongi t ud? nabocksi 575 andthejoint ball JRE pperpiavely cemcated tx the sackes B Wwa facititatpect t o
the cradle 12 to - Ld Lt ait : ' ' i i on of
the cr escengn% gl%al(%IW1 fﬂifleﬁés\rlké lgﬁtzirgﬂ |\’€r;‘11(t:}|1 %?Igénc E gofmﬁgcgﬁen%hf@:o aglg:ﬂﬁérl ng

pur poses. Agansniisson tibed20hby-osuiRicd ofBhacrdsctit ofgld drecudation cables 125@AL ri gger

bivot pin nofp537S0 ind RSt g iR PRVRED By s0ho it o Sonnvar o,
as well as décabad)tied cresewammple adfculdintcabg e256136256B, 1356CtandggesDpi vot pin
1269, responsive to _fi nger pressgre apgl ied to the fjnger pad 1268.

Referri HYy nextendirpmdiyedgttachment torthe seekat 419, Hyeughhgansyiopigaideeenag and 49 in

particul ar, othendii haggai 2R, 9eREshd'PBRD %&gé@i%ly,l%?tﬁe Bfindifiéh LlilO8&He 1267
is arcuate and is fitted wth teeth 1272A Tor engagin e teeth of a pair

h
of sprocket 13arEomha point, thocrgeanp anzia amcylation g qs?@éigl\:r\dhé’iﬁ}%)rléé@r eis
I ed . . . :
108 L0 b A L0 A b6 A R 0

1267 upward ger prvot pi nga prvot pin
hol e 1273, 1200 toltheisdlection BearingfsoGdRE28Bandthe hevef 1251e(FIGOREDPN@sket gears

1276 is,cenfered.on.and ., fixed to _.a _sprocket .12 i rogcket teeth
1275A, b%c/ SIfnagier f&“gifr%é‘i{é’?g-pf“\?&“@gb‘f%ﬁi‘fﬁf} Eﬂ’%{é@%#@%&éﬁo '_?zﬁ}fe?ﬂe n 1277
may al so sefp¢fertdhtinf Wedesdory 1 TOIUR prdvideddndstie®nd b2 ieArésterdt 01 HURE Ng 1265,
al t hough the cradl e 1276A can he pivotally nounted in the housing 1265 by

nmeans of sepéPaseoipnapylaiing andingemgating the shreadfi0fyattached tgrthe needleciluas e

1276A into LGhLkQ0s Lt DI i . i ted in FI GURES
42 “and a8 BRI mflbRenkl ), BEREEEr A daer detid . Fached to
the trigger 10 1Reéferring/toildGURESoY ambahef the dewingsgthe intgmriofighenol e 1282A and

L1 0PRSSy e 250 L MREREN PGSR BEFRUSEAMRARIAL, |,
di sengagenewhichektentifithraphottktichosfahs lehgthtofitle frdi8mission tube 1200 and a
direction cable 1248 that parallels the drive cable 1247 inside the transmission tube
1200. Further illustrated in FIGURE 41 are the reciprocation input collar 1216,
engaged by a sprocket 1275, the direction actuator 1214 and a bottom insert 1205A
25  and a companion top insert 1205B, that adjoin linearly to define essentially a
cylindrical member with linear surface slots for receiving the four crescent angle
articulation cables 1256A, 1256B, 1256C and 1256D, that terminate at one end at the
selection bearing socket 1253, as illustrated. These four cables extend from the
selection bearing socket 1253, through the transmission tube 1200, and are directed to
30 the center of the extension tube 1240 at the transition cone 1245 and then through the
extension tube 1240, to the transition guide cone 1238 and terminate at the crescent
101, as further hereinafter described.
Referring to FIGURES 42-52 of the drawings a detailed illustration of the
handle 1260, housing 1265 and cradle 1276A elements of the device, along with the
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rel axed position illustrated in FIGURE 47. As further illustrated in

FI GURES 48 and 49 the geared upper segnent 1272 of the trigger 1267 is
bi f ur cat edotos/oeksfid ne a trigger 15 gear slot 1274, whi ch a®ceatse2/sties
sprocket 1275, as illustrated in FIGURE 48. Accordingly, it wll be
appreci ated that the sprocket gears 1276 fixed to each side of the
sprocket 1275, engage a separate set of teeth 1272A on.the bifurcated

gear ed Upp%gg%?gf@f'ﬁnd]tﬁ% %g%t:r xtngﬁlahL hgﬂf{) ie, g 2 vEAGH dohHofieds Eﬂ){h Secure

and positive “rotation o e sprocket ge rs and the “sproc 1275 in
concert, respswst Vel (mot distrated)deilhsirated ofhe heusmg Ij@érls &@83?1 dJyabaseoper at or,

as herelnaf cri.be Ref rr|n 0- 53 of the
dr awi ngs th?é%&t@%qﬁ? ‘téhreftf(%l 4R atf ?rﬁ% ZSEJQF Eﬁm nr?tetsﬁg eOPeSt i ng
cradl 3 1276fe hr?nalelrlQSO ahd8 cﬁlumhlchlheteptddmdl 266C(FIFIGIOREt dN@xtenfslfrofothb a(r]I 12 1|6
ext ends the s|ot. or openin ed in the ing. 1265 i medi ately
above t h cﬁ%ﬁlre h25pgmto AR OPEPPE D adectinithe IFIP@JREM%%%O afitikes iotion as
further ill Hﬁﬁx’é%ﬁﬂng Mé3 %Eesﬁéot td HRRaiie Q60 h?hé‘é?,’-lﬁlﬂﬂgal }é6andBsse been

removed for brevit appreci ated that the rotating Sprocket

1275, rmuntrearté%g/tsnée&t}ﬂsmw 0§thmyllpdmcaizep¢ptadnga@@@dhﬁé sugtigRt ocat i ng
collar ridg r t t s of the
respectl ve glp%%% &ht{agoﬂf%gﬁ&gﬁectjﬁggﬁ 1?8?&,% S%Ol%ﬁ%ﬁe sp cket 1275
in the counpezntbmdl@ﬁﬂﬂma@dnedtatmusMg IB%tAcggéngh«;tafmngagamM\ed in Fl GURE
51, for s ipro i i.n co slide.in the direction
of " the. r ol GHRER BB dqe i it BitbctBtmacevine hie difl HebshERE® col | ar

ri dge 12 16 insert i1 266A bad ﬂlBle’lﬁtﬁ‘ldal’ RE&jthdI@ 1 2680 tfaciBateivdtdbbofithe fripgad
(FIGURES 51 _and 53), this conflzguratl on facilitates selective rotation of

t he extensi é%ﬂ%@emwr piyot pind 269 o frethermpps, thahoyisipg 126386y degkatith ange”
al ong the | %?é& weine @hndX h 366 Qs 1H9§tf4téd3iﬂ F‘}élh?esg?ir gg%ﬂﬁthgtcﬁét‘ﬂg%gl 31764 the

crescent 101 (i1llustrated in orientation inside a
wound or i nediggromg ¢fibe cre|s¢amst®laulél@}rawdm6lﬁUBiEslt,mbpreglsemgagemmmn of the

reci progcati e f the sprocket teeth 1275A on
t he sprg%ke{]gks% vil-\s)elt‘ner({r;‘?tlnu ageél:)rfto tsén"lgl%é%ﬁ%og% of the drawings it wll be
appr eci at ed thatAtsIfm}&IrtlwsﬁgtedaanURES 146 7081 thdréramvérisphocadleng i nput

collar 1216 the e enS| be 1200 is, limted to short ace between
the two uShﬁ%elaptV@ e % é‘geeaalptmpee%rléhet Ke 12Referring now

to FI GURES ?/chﬁﬂ b9 dnedhs 5f]@¥gf@ﬂﬁ10&§3lﬁ BSsskd 1 BOFIGBRES 4% dnldl4s$iHapt ed in

rel axed configuration with the teeth 1272A on the_ bifurcated and geared 10
upper segnehpically pecsiviegrsprocketmival in 5k theends pf whish spriogket pévot BiroR #he

and t nel | SERR i e YA TEY oy St B! A8l 96 oplBE RSl 1D 1202
sprocket 12¥7%A5. sTtecrpbls lZ’l@nrscfumimrtchaactsmmi(hyea pani ofdf -shapedl@positely-ong w t h
the pair of diRposed lIgeectep grngcklszl 6B W az:h a(.)rgespe(t)cfed a{)]art in the cradle 1276A in order
to receive the extension tube 1200 in a secure friction or “slip fit”, such that the
" extension tube 1200 can be rotated 360-degrees along the longitudinal axis in the U-
25  shape receptacle nocks 1276B with respect to the cradle 1276A to further facilitate a
desired spacial orientation of the crescent 101 (FIGURE 1) inside an incision or
wound for suturing purposes. As illustrated in FIGURES 46 and 47 of the drawings
the trigger pivot pin 1269 extends through the housing 1265 and through an elongated
pivot pin hole 1273 in the trigger 1267 to facilitate upward and downward, as well as
30 pivotal movement of the trigger 1267 on the trigger pivot pin 1269, responsive to
finger pressure applied to the finger pad 1268.
Referring now to FIGURES 42-49 of the drawings and to FIGURES 48 and 49
in particular, the bifurcated, geared upper segment 1272 of the trigger 1267 is arcuate

and is fitted with teeth 1272A for engaging the teeth of a pair of sprocket gears 1276
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sprocket teeth 1275A engages the reciprocating collar ridge 1216 |I of the
15 reciprocating input collar 1216. As further illustrated in FI GURE 53 the
cradl e 1WO@80Ipports the extension tube .1200 in the horcTarsvzaBi764
configuration and further illustrated is a spring-eye rod 1216G

hori zontally situated inside the extension tube 1200 and fitted with a
spring-eye 1216D for receiving a projecting spring eye hook 1216C The

el ongat ed spring-eye rod 12 ext ends u fix i .rod 20
qui de post - TR RreSNfy bxpepbed BT BhERER nabE e Brcs At 08 Y Biefric

i nsi de, and1267 spratdly appinsttle frkGApivet fih 0269 aothe @lonBsted piviobpintivte 1213, 1216G
bet ween the spring-eye rod gl.éi e 0§Lh61216H and a spri ng-e}{e rod cap
1216E, t er nPhALSHEged neFIGLRE o n&a@ﬁﬂt WP JRrogkstigheys d ¢ &6 Sgnteredam andpposi t e

the spring- g%&d thalinckef FL5IhRGhY sprékefRethon 7541 b Rty S A Proxe: piost 1216G
in the extension tube 1200 stretches the return spring 25 1216A ‘and bi ases
t he sprihg- Bipel273d Timispoketapiveimin J2Fonay alsp eeree tawivetallwimdunbibe cradleei naf t er
further desesdbed. g n 4. the
dr awi ngs, V\#e’}né)\ glrtgggégéﬁé g%épgﬁﬁote“gh@)‘%’%@# %%%}grganpgedp ‘@%H?g%&g gﬁigﬁt rigger
1267 i n t hethdihoesing d265by trieens afrsepasate phs (netsifiesttatad) cxteading 1dRgh tha t he

bi furcated ge er se nt J1272:.0f .the r.i.gger 12 forced
forwardly i ﬁ&agfegl%&gggﬂ@ﬁﬁe g\]r&lﬂn't‘ﬁé”v@ép?‘e@ﬁ%eﬁﬁgﬁ% 1!113%{%&6}}%3?}@5&&5? of
sprocket geaid4slaffBe dfaviings. LA tQGRF spkitfd 1282 sl_essoﬁerbrfdfwaa{ddit@mmg%&- shaped
el ongated pivot piin_hole 1273, until the fri ger 1267 engages the trigger
pi vot plh 12609 tynigalyi M@aanﬁquéﬂg&rég%%ﬂebolsg $ 4% and thegppostisgnd pbthees t he

sprocket 12 tHQy :d i L ; ure is
abpl i ed to FE e i el 1 P S B BRI 64" ana

the reci prot4s3, bgbiestheariggdr dg67 npd disengagementovithetbic sprocket igoars il Auin thel | ar
1216 are caused £8BRYSRARE HureE A, | AL HIHEAIRS DY T ARl 54 O
e O A ar nent  of e i

1216J in FI nove reci procating 1nput collar
1216 occur s4@theyeared wpper ssgmeoiti P72l the toggdrN26T s tifiecatddt6 definela tieet eet h

1272A traverse th WO .Sprocket gears, 5 6 until the ice array of
teeth 1 2Ag?ﬂ’55{°ﬁiz%¥’f"ﬁﬁl céﬁptﬁglgrsﬁ?qiﬁp}é?z’saéd . tedf?fggtﬁét ﬁg trigger
1267 traver aAgcdrBRghPitaFikYe aggﬁsemqaaﬂaﬁ-theﬂyr&l&pgéawm X836 BAR sidkdsH nst the
trigger 1267 al so maintains bias in the trlgger spring 1282 to facilitate

return of t He sprockedR7i.xmpagen separags sehpiigethgg424 osrhe Pifyrsatedigeaged n FI GURE
53 and in I 2(%55 i = ed fromthe
trigger 126‘?%%%@2%%? ng y,eﬁ%ge urt htérfgt?ﬁabeg{lﬁgﬁleég&fr?ﬁ%S when t he
respective totaion df2i29procket gdaes araed theppeocksevonn cR2eg, faspdngivietaver se t he
correspgohdi ng s cke ars the reciprocati L nput . col.l ar 1216 has
moved: (20 t SonRRleRe LR aneae 12 T by horeach B BB LR afGms ¢ ube 1200
fromthe positi ORefetringstorAGEIRES pRBSU-O3bf theidsawings the transmission tube

1200 is rotatably seated in the pivoting cradle 1276A in a position such that the

reciprocating input collar 1216 extends into the slot or opening provided in the
housing 1265 immediately above the cradle 1276A, as illustrated in FIGURE 50.

25  Furthermore, as further illustrated in FIGURE 51, from which the housing 1265 has
been removed for brevity, it will be appreciated that the rotating sprocket 1275,
mounted on the sprocket pivot pin 1277, engages the reciprocating collar ridge 12161
of the reciprocating input collar 1216 by means of the respective sprocket teeth
1275A, such that rotation of the sprocket 1275 in the counterclockwise direction by

30 trigger action as viewed in FIGURE 51, forces the reciprocating input collar 1216 to
slide in the direction of the arrow on the extension tube 1200. Since the reciprocating
collar ridge 1216 I, fixed to the reciprocating input collar 1216 is round (FIGURES 51
and 53), this configuration facilitates selective rotation of the extension tube 1200 in

the cradle 1276A through a 360-degree range along the longitudinal axis to position
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action also forces the spring-eye hook 1216C, the spring-eye 1216D and the
spring 15 eye rod 1216G rearwardly agai nst the extension bias of the return
spring 12W6A3/esse4 to attachnment of the spring eye hook 12C6@Shm3t7he i nput
col lar tubul ar base 1216N (FI GURE 56). Rel ease of finger pressure fromthe
trigger 1267 imedi ately disengages the respective teeth 1272A fromthe
sprocket gears 1276 as the trigger 1267 shifts on the trigger pivot pin

1269 by opera t| on tri 1282 and 20.the ated,pivot pin
hol e 1273, %rgépi?’?lﬁﬁtrqt lélgFémg) B es}rﬁ‘f%n?rﬁ%tloﬁdg%’l? g ?B{Jst rated
i n phant om [ntldfdrﬂdaﬁllﬁﬁnﬂéﬁ) withomt dﬁﬁﬂﬁn@Bm@g@mEﬂtofAh@&b@rmhu cdltar the

trigger 1267 di sengages the _sprock ears_1276 et toath 1275A
that engagB98¢ helorlewitBoge aft ép’i%‘ﬁ?tégthll% 9B i Slprclfigtt]fqr’g r&?feﬁ?lb%atl on

i nput col | aps AR dFFIRIRE Al FRNYAERIndshewaDbd @prédléi&pth;&@&é%h@ih eortrene
rearward rmverrent of the 25 reciprocation mgut collar 1216 ?esponswe to

rot ati onS of motien gptheakaproeating, inmKeollareldil frondhe exsensiaipiube (1:%(?0 iadintiedgot hen
returns to I nd in
phantomin h%@ﬁ@agésg&g’eag%er a :ﬂj o%ﬁ%’? ék cgf)trﬁﬁ{a h?%ksl:léz %ﬁ%t %ﬁ\gl%&f@ tional
finger pressure applied to the trigger 1267 thus repeats the operation
illustrated in F RES 53- i th ecj,procating i nput l|ar 1216
30 through anoth egpf}gcﬁ%?og%l&{@ﬁéggaﬁnfﬁéofﬁﬁgwlggf@ﬁ@%ﬁg@%ﬁ and
sequenti al | Ylusfrated i1k b coifgun@oa et b téeaolﬁmpr@aﬂwﬁkdateﬂgﬁa ireihe Dbi as
of the return spring 1216A to drive the needle éf@ L illustrated) around

e

the crek@entppay iegrm@bh@ slighfly spaced diopnthe sprrespondiag testisen thesgrocket wo
03/ 028544 Png{réJiSPr%/ §g3€éfé TP ARE | ?ﬁg mw F%@s?%dﬁﬁe ang ig ot the

drawi ngs in~a prefer esign o |s e the i1 nvention the
spring-eye bloogatddnisd, pinholkecl2ds. Furthetrm@rfspha spopakyel 272165 positidned oprtherg- eye
rod 1216G proj.e rln o8 hook a rticularly
illustrat edgqrﬂ&lﬁf&ﬂ 1gg'igj'zj,&;"i‘? rm)r €, I;éfr SgrOCkeﬁégéjr ]I%éé_’rt%% Oaﬁf)gg’epost
1216H i s at tprotlettéeth 12T6Atehgagitixsieoiprdodatisg dclRO ridge azsqommge plate 12168,

as furth illustrated in Fl 6 over f_drive cable input
stops 1 7Are§}?d°°f§ﬂ§B’pHF %OIEF%J% ‘Igﬁ)ﬁ{'%g ﬁ@?@@%gbﬁ?qlﬁﬁf3 tE? Fig posi ti oned
on either $h7 Q.prp@rt§ PeeRitntibA RHE 1290 Y tHeMrizentfontiBirafion kaPfutthansn ssi on
rod slot 1216 K o receives the drive cable 1247. The forked

transni ssi oﬂlw@@tﬂmwnegte&ﬁasl 12 6Crhasizgntally sibeatest ipside therextension telsr ked rod
slot 1211 Ci (ﬁ)sandlﬁt{ea 1tH A g‘ﬁ’?é&m 519 £57 ng gﬁ)r(g ﬁmgtcﬁ%nhgg%flﬁ ent

angle arti cu at1on ca so axten
transni ssi oh2¥6ei ”Hlibleﬁﬁayrad spangrey etosl lahéGcbp(tenés ﬂmduigl alf2xed. spFih@cJRBoﬁ?

e TSl 2593951, 00L 10,00 LT B 6L RSO BB BRAT et 1o
articul ati ofengalpBsg 1216A is provided on the spring-eye rod 1216G between the spring-eye
rod guide post 1216H and a spring-eye rod cap 1216E, terminating the extending end
of the spring-eye rod 1216G, opposite the spring-eyé 1216D. Accordingly, extension
of the spring-eye rod 1216G in the extension tube 1200 stretches the return spring
25  1216A and biases the spring-eye rod 1216G rearwardly for purposes which will be
hereinafter further described.
Referring now to FIGURES 1, 48, 54, 55 and 56 of the drawings, when
Iﬁressure is applied to the finger pad 1268 and the trigger 1267 in the direction of the
arrow, the respective teeth 1272 A on the bifurcated geared upper segment 1272 of the
30  trigger 1267 are forced forwardly into engagement with the corresponding teeth on the .
pair of sprocket gears 1276 as the trigger 1267 rises in the elliptically-shaped
elongated pivot pin hole 1273, until the trigger 1267 engages the trigger pivot pin
1269. Continued finger pressure on the trigger 1267 forces the sprocket 1275 to rotate

in the counterclockwise direction as pressure is applied to the two sprocket gears 1276
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15 1256A, 1256B, 1256C and 1256D in the transm ssion tube 1200. Referring
now to FlI GURES 58-64 of the drawings and initially to FIGURE 58, the |ever
1251 nmourwedsiozssthe sel ection bearing 1252 at the operati mgrdarsd2/sefied he
transm ssion tube 1200 is used to control articulation of the crescent 101
by operation of the crescent angle articulation cables 1256A, 1256B, 1256C
and 1256D, as 20 heretofore overviewed. The sel ection bearing 1252 novably

fits in a selection bearin sock 53C.and .t he .mounti.n 0st, ,1251A of
the lever 1 &gg?cgfagatpﬁpgugm(fgeﬁg}éian(?%dﬁ?mﬁg?téonﬁglg }1% ][szHg #enter of
the sel ecti equsb®yhoe: kaddrdlgsasiillbstatedtiyetle colhe afroti 1Igbyin FIGUREVEY., 1251 is

articulated with finger pressure along with the selection bearing 1252 in
the sel ecti BRAM@EH Myt ok therogprecring:igpt-ollar He 6 Qcews ahpresie 8 25

articul ati opya6alh&Ponthe ¢lkget 256BandlRe Metiph 2 h2pRlersedRe RRS §rOAEL Slard ur t her
detailed. Also illustrated in FIGURE 58 are the top insert 1205B, the top

pul | ey 12108276 yril theoantiomarraysafiteeth 2054 am thetthfurestad grarqduppesyseg@meniA, i n
proximty t Y LS i gn. cabhl: it h
respect to ? %’}ej]g(;fﬁg‘[r; gﬁ%ﬁé@g}aﬁ %fé%heeas{ﬁg%kgfﬁegtssi %ﬁkt ube c%ghlggejdﬁ%ﬁggti on of

t hese el eneagginsatia tapgerd26Dalsomdiliteink biasin th2SriggedGpring 1282eto Havikitateaf t er
further described.,, As fur r illustrated in, FIl GURES 59- e extendi ng
end pairs ofet‘frﬁggfll?&'ﬁg%er 1&??\%“%%@83111’23 1032]6“58'??"55’9 Fg&Ugébﬁgaﬁ‘gﬁ‘s proj ect
from the opghkakddth BIGURE $9)6vheh B Présuyis tdiited O thetrigesli 367 hr ough t he
transm ssion tube 1200, the_transition cone 1245, the extension tube 1240

and pr o] @ct Appastinghyeas fusther ilnstmted indd GURe SPogwnsbe wepestive sastiyl2 12A on
PCT/ US02/ 31
%}r@f%aarreﬁ 'h@%gsﬂsge%'ggxrtgb??ﬁﬁ VeHR M Sreéphd gggt&gt %etﬁgs e

respective e ac _ ext €énsions 140, conne h
reci procat i thg reliproeatingGsputredllahie 1dihas oiovedhtosisst maxigumaexdersted shdihg  ext ensi ons

141, extending.fromthe dr.ive.di ion,sett.p.ng.plate,13 respectively.
Ao 11 ust r abBion fLing Sy BeS o BT boRrn PGNP IR B hrihanir EoRRS, canl e
1248 ¢ ?\ nver @@io@talstohhbrcjeoihlatsphﬁg-byi Bébkarad 6071 tbje@pﬁngl-bye)mfémarﬂethé smingo pg ni ng
780A therein t respective_ drive access, cahl e extensjon 40.an
directibh s@fqmad55§§é%agwerébf GBS I a(EBION B Of P ﬂgﬂngtl?%é% r&&ent

angl e arti cy Afakihet ¥PHRSpHAR €Fe hdoAPHEB6C té ArGEpandildabilaPbRkL §216N hr ough
transition guide cone openings 1238A, 1238B, 238C and 1238D,

respect i vel (FIGhFRY iS4k dR¢lpaseiob fingermsessiugritapu thedriggmd 202 58madigtehd ext end to
SPaCeC 2P b SR IMASINERf Pt RSCERF LT o8P, TTC
descri bed. T shifsomi the trégmds pofbot pind 269 by@pmatiangfmea!igg'ec u[bratg 82@abl es
256N, 25 chhea AR PRI FE S BlackR S A0 ERHIRAPR? 2 (e
crescent anghgtrated incpHasionoh KMSGUTES 552p@4An FIGURES 53 and 54. Accordingly, as :
the trigger 1267 disengages the sprocket gears 1276, the sprocket tooth 1275A that
engages the reciprocating collar ridge 1216 I of the reciprocation input collar 1216
also disengages the collar ridge 1261 I at the extreme rearward movement of the
25  reciprocation input collar 1216 responsive to rotation of the sprocket 1275. The
reciprocation input collar 1216 then returns to its original position illustrated in
FIGURES 53 and 54 and in phantom in FIGURE 55, by operation of the return |
spring 1216A. Additional finger pressure applied to the trigger 1267 thus repeats the
operation illustrated in FIGURES 53-55, moving the reciprocating input collar 1216
30  through another sliding sequence on the transmission tube 1200 and sequentially
forcing the spring-eye rod 1216 G rearwardly against the bias of the return spring
1216A to drive the needle (not illustrated) around the crescent 101 (FIGURE 1) as
hereinafter further described.
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15 1256B, 1256C and 1256D by finger and thunmb operation of the |ever 1251
and correspondi ng novenent of the selection bearing 1252 with respect to
t he fi xedwoeloesst4é on beari ng socket 1253. Thi s mani pul ati @CTrEsuB1764 i n

articulation of the crescent 101 to the illustrative positions illustrated
in FIGURES 62-64 of the drawings. 20 Referring nowto FIGURES 1 and 65-78
of the draw ngs, the direction actuator 1214 is illustrated and i ncl udes a

di sc-shaped actu boss t ubul ar 14C, that
slidably enci rcI W??‘%ﬁoﬁﬁéﬁ%%?é@%ﬁ%&%g aw(ﬁngsé%fllpé%e uator 1214
i s nount ed dés@l bfthisl edibodinh e of tetinvention the spaidy-c¥Shdok 16 desthbyta pair of

fixed press re Qpposi 2 rlnf% 121 1A ang fitted V\Atl“i_g air of 25 slide
swi t ch body§ePERE-€Ya bAHD elige SEIRNSIPAI L I0G duaieds t 3 SpIMEFEYCect i on

actuator  bRSGEStLIDISA; ad ;sa?@éu@glyqnuétmedm@qemte 58f Fhﬂﬁerhib%”tﬁés e 1214C

of the direction actuator 1214. further illustrated in S65- 68 of
t he dr awb ngsye roiguiileippst 12d4H i atl'rz:hvd tonthie diapsmission tubgd 200 QQala)rmg@late

illustrated i t t: drive
cabl e 1247 ggfﬁBﬂa ? e v?n}pﬁgg& r|I€§Id(-:%%$2§gss[§[?%gvgrtggﬁi%g‘%,’ea%gle\ﬂﬂﬁ lI’te t he
di rection cabpslM&BaﬂdsmaﬂB\ar@IﬁdedMotthe drieé cableal24diand atd msittombd en ejthérng st op

1215D. The driv r|n C the directi cahl e, spring
stop 1215D S‘§F8F?:£‘HE%‘§‘F%T§ ﬁﬁ%i‘fzﬁlglh ﬁ‘g'fﬁ‘h at“ﬁmbfﬁ’i"%"‘ﬁglﬂhfﬁégﬂ’ﬁg 1215A
and a di r eciyhith re¢edtR e drivg daBlfé 12317 TRé drRéd GarlshHifiteirod 12 06X ERBEdsV e -
transm ssion tube slide slot 1200A and a_ nmount body slide slot. 1211 B,

| ocat edlQ n tenghrasesiprosatignpubiorkedaod sleti 1 2ld Gaes HathepBlatatedyy KIgMRB 1764
the slide sygtphe Hpm@tcréaeé#féﬁ% gﬁﬁﬁeﬁ 5151&8'12’56,4 ryi@%dex%ak hrésliAgeNt to the

drive cable spring stop 1 ireétion cable spring stop 1215D
( FI GURE 65) forked tmrksan&smnrroc}éa]rfdband@ralw thodrive c@lellfﬂ FIGHURE BI/GURE 68) is

al so provid i n. t ub 214C of cLli tuator 1214 to
receive t heﬁmh IHE S%?‘fe nﬁg&n%&ﬁﬁ lr%ftlfﬁfe}blqu4éj reet onﬁ%:o(ﬁnectl ng
rod-to dir eczthl@mmusnweﬂ; ps thegochﬂdzﬁBfﬂmrfamair&céxhanglmumﬂamnMHSS 1217C on

t he dlretl r.od to.the directi spring stop
1215D. col et |9§g$plfr}gﬁﬂaﬁ6]1§éé?whﬁqﬂflmsn G085 67 bof ¢ he

draw ngs, sli dl naem vaﬁdlq@tmEs b§-6d'o|°fﬂ£étdr9®m%‘§hh@¥rﬁﬁal %441QURe slide
switch nmount body 1211 fixed to the transm ssion tube 1200, positions the

direction 108.dbmleseni2iy mamtetin the selestign bearingd 252 81 theonerating erd efgbst ensi ve

ext onai ng. ¢ APaUaR THROF 12Tkl AR AC TR B, R, S ety

body 1211 oﬁﬂapemtscenehwgle Fiticelatian cabdesall2S6ANDRAES, 1 AE6C dnd 125680k e 1247 and
the dir ble 1248 i,n sel e tedd ction,ipsi.de the.tr.ansn ssion
Lube 1085, BelRn Sy eaint ] ThetFodien beiing P Emorily B8R & st ogid RaRRE ne

" socket 1253C and the mounting post 1251A of the lever 1251 extends through a lever

.mount hole 1252C in the center of the selection bearing 1252, as illustrated.
Accordingly, the lever 1251 is articﬁlated with finger pressure along with the selection
bearing 1252 in the selection bearing socket 1253C to control the crescent angle

25 articulation cables 1256A, 1256B, 1256C and 1256D, as hereinafter further detailed.
Also illustrated in FIGURE 58 are the top insert 1205B, the top pulley 1210B, the
bottom insert 1205A and the bottom pulley 1210A, in proximity to the drive cable
1247 and the direction cable 1248 with respect to the operating end of the
transmission tube 1200. Connection of these elements and operation of the lever 1251

30  will be hereinafter further described.

As further illustrated in FIGURES 59-64 the extending end pairs of the looped
drive cable 1247 and direction cable 1248 project from the operating end of the
transmission tube 1200 forwardly through the transmission tube 1200, the transition
cone 1245, the extension tube 1240 and project from thextransition guide cone 1238
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15 the fixed way direction setting plate 136 (not illustrated) in a

sel ected position on the <case 102 (not illustrated) in the crescent 101
(i 1lustrawedsjoessii GURE 1) and determ ning the direction ofrcratsat/som of t he
needl e 50 (not illustrated) in the crescent 101, as hereinafter further
described. Referring nowto FIGURES 1, 58, 59, 65-68, 75 and 76 of the
drawi ngs 20 | ocking of the fixed way direction setting plate 136 in a

specific pogjti Wi th respect 02 of the vi ce depends upon
the positi o%#é‘égq{épetct]egraﬁﬁ 6’3"%3%7§A%§§%$§$730 ﬁ}%rggpgf: tﬁl‘éec rlggenac(?%?ﬁlc% 9248 in
t he transm sstensionsubr), dadRctedat the rduiprdedting deiabt B08lad thadidectiohgetting ect i on
cabl e 1248 are arranged |n 00 I the gperating end of the transm ssion
tube 1200, &S°PY¥4 zfi"rxé‘frﬁﬂ’n?ﬁd’lsl %@gﬁ%ﬁ'@ eéiFr%?thé‘ B _@%.l3$he free
ends of thergbediveMe Afilusirated thednd paRs BEdkive Qatlb 24 WhdditebBoREdESS cabl e
extensions 140 extendi ngw.fromthe reci procati ng driver 108 and the free
1 @

ends of ¥hela#¥ eunverss at Hisljeint balb7 &} and pejeelcthentgh @ cevfeal gaening 8@ theseinon
setting aCC?&ﬁleigs?E&i\%. %E&Q?c%‘ﬂ%%xtﬁsgﬂggﬁg%é%%onts%ngg#é@s dhbfection

setting plates as illustrate , as here ore
descri bed. Tktensppolsilt Sildanby,dmcisressient dnglechriimdatombdablet 2256 Ank256Be di recti on

cable 30 12 e ded. around, t he .t.o0 ul l ey 1210B t

posi ti oned ?25({3(;1%11‘{3%%?%@8}?{'%i%gga&ﬂhmﬁ)ﬁ@lﬁsﬁ? OIRBES éé/? %fgl]%%%r otatably
posi tioned i1238Mand 28D rdspedively] pRavRled ifi GnR@kitive byidecbf3 R3S ad and 76) .
Thi s mechani cal arran%garrent facilitates _novement of the drive cable 1247

and t hel®i r e¥iendie wasadearpttgfixed altapbmenido thsfoprpase gomers VGBAa AEPB Y PEm pul | ey

1210A, respegd iy ¥ theQod@M Y Bl baliRisRRLl id PREVRE isRih@ GefekdtoreisMBed3/ 028544
PCT/ US02/ 31764 driver 108 and the drive direction setting plate 134 (and

set the undd@he gppayite endscpfillag crestienteangleamtigdatidnegbles 4226A.3@56h, 126Coanse 102)
responsi ve %g§5§9%rﬁ1§l:tgté'tlﬁ@se {cti@ﬁﬁea?ié{éel%t gée‘gn_r&%ig@é@%géeréje?cﬁb%& ! | ustrated

i n FlI GURES eretofore SCT I i on connecti ng
rod-to direfdciliate selactiveapanipyatichldiBhaodsdehteangie srttulatiomeables-1266A5, dri ve

mount spring A_serv oyide a.lag.in the r tjve itions of the
irive b 235512556 sHau S hetindst Bauhdnn o rtiche v BRTentn of t he
reci procat i Berrébpbivdifig mbOEmamdf thieselRiabéRingdREY Qitllirkgett tothesidd ng pl ate
134 (with the fixed direction_ setting plate 136 in a selected setting),

for pur poseselegiiontbegiing sosket@pdi Rhismegnipulationesdly in aricylatigyof Bej | | ustrat ed
in the opposi i i Lot i i ] boss 1214B
1 GURES, S @t Qo RSt R D s opt MGy PR HRIIES B 0 R M 1 o ar awi ngs
the top insdrawings205B is seated on the bottominsert 1205A in the

transm gsion tub 200 suc he inserts may slide | ongitudinally
wth reg(gect to gg%eﬁm%ﬁ i .po ﬁ@l%% lﬂﬂfti }8%7'8 0?%160%3Wg}1g?’041331§%‘7t§9ns ecured to
the top insadthatd2G8 ibjlluseaed awd indludes & digchaped AdfiGior boss 1214B extending

from a tubular base 1214C, that slidably encircles the transmission tube 1200. The

direction actuator 1214 is mounted on a tubular slide switch mount body 1211,
bounded by a pair of fixed pressure opposing rings 1211A and ﬁtted with a pair of

25  slide switch body detents 1218, that sequentially receive a pair of direction actuator
bosses 1218A, located on the underside of the tubular base 1214C of the direction
actuator 1214. As further illustrated in FIGURES 65-68 of the drawings, the drive
cable 1247 and direction cable 1248 are illustrated extending through the transmission
tube 1200 and the drive cable 1247 is fitted with a drive cable spring stop 1215C,

30  while the direction cable 1248 is provided with a similar direction cable spring stop
1215D. The drive cable spring stop 1215C and the direction cable spring stop 1215D
are connected by a direction mount-to drive mount spring 1215A and a direction
connecting rod 1217 projects through a coextensive transmission tube slide slot
1200A and a mount body slide slot 1211B, located in thfe transmission tube 1200 and
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15 and in like manner, the bottom pulley 1210A is rotatably attached to the
bottominsert 1205A by neans of a conpanion pulley pin 1210C (FlI GURES 76
and 77). weoBwessher illustrated in FIGURES 75 and 76 thepcopspubizey 121 OB
and the bottom pulley. 1210A are journalled for rotation on the respective
pulley pins 1210C in a cavity or opening provided in the respective top
insert 1205B and bottominsert 1205A, such that the 20 Iooped end (Fl GURE

58) of the 2108 whi |l e
t he | ooped g{r‘fch ?Q?ﬁ!éh re%ﬁgﬁgédggﬁ%%b‘%@pmegg%éd rounc?et%l'ﬁ bottom

pul | ey lzloéablé\sprhgrmlﬂfznﬁl ahdshe dibention thitde parimgsstay 1%1>61Da(rRlGhI@Eeﬂd)s Af the
drive cable

t r;ansm' SSi oﬂir?%%é C%g’gﬁ?%lfqgr ﬁﬁrt‘tir}%rr‘]?kﬁﬁg ?‘%i%@t’ %Oéﬁﬁ% ?}éhé%%ggg B e

ext ensi on 14{hupn@add 128aCI AtheSditdcti Bl a@tAESE 1426 réRiVe@h@diteRish 86hnbdting The top
insert 1205B and bottominsert 1205A are further Fr ovided with four

| ongi t ud? nared ¥ddiaad pydireptipneepnapsting redity dirgation moudt gaingnad S cemnest the 255 t o
acconmodat e ﬁu&%ﬁ’%@%h@@ﬂ'ﬂﬁ‘e&féch&%cﬁﬁlb& %@9'19?7%@&&&@% ¢1256C and

1256D as illustrate FI GURES 76 and 78 i s arrangenent aC| itates
sliding of spring steys pASD. v Aceordingbn refemigk @gaintto EL(EHRESri andtﬁSe@ df266A, 1256B,
1256C and 12560 30 th res t o bottom

i nsert 1205 raWI%%Sp%lnS|%/ma{ngeﬁaglﬁréPg%hie@ﬁre%tfoontaﬁgla?evezﬁ Elle Sqﬁja Sf’vhghsel ection
beari ng 125#ouhiboddyiichl dixed enttie ahngniction m‘oetllzeo Jpesipient thealirectmcent angl e
articul ation cables aéiif 1256B,. 1256C .a 1256D. i s connect eg This
action hani FUPSEERE 10 g sehectedpositipn;ip er@géﬁe{}gge AR TYSINIY eslidengs of
the crescentofNMHJ0A Adih&utBbliPSlideAdtas1 18 bhendinpxfiRug EMI@% bAafke at the
51 WD 03/028544 PCT/ US02/ 31764 four corners of the socket 775 (FI GURE 5),

as her ei naf 1200 andghe plislecswiichgequnt b@di‘ﬂ?dd respeetiigby Hus agionzadwmmeyes thy ovi ded
th t 1205A

to faci |t apavs SBIETAT b AOrerbn LIRPTISA Bt fkd dREuAPhLRTd st

i ndependent txynsmi;sslmt fubg 120 ab llhxsaateqbusFlGldﬁhES 66 anth 67 fopsdlersieely 14&td3 and

t he bot 5A h tube 1200 f

e ot e e (RS 5 i e TS0 AT A

cabl e 1248, cas 102mﬂlm&ﬁ@aﬁﬁxrthem'sdeﬁt101p(e1nwshlafw uﬁ FK}UREI 19@nd Ref erri ng now
to FIGURES 1, 58, 59-64, 79 and 80 of_ the draw ng respective
operating efelsmyningibe direction of rosaHianefhe needleV (Bﬁt @aﬁfraé%d)mﬁmreswées 10

1256C and 1?@@@Sﬂéﬁln§§%ﬁﬁell&s&hﬁdsel ection bearing 1252 (FI GURE 79) at
the operating’end of the transm ssion tube 1200, typically by neans of

cabl e set screwsRefepmmoves el IERES ¢0¥8; 690068, ﬁé anddbiofghecdrbvings| ot s 1252B
oo, b M RRe R B RERELDR At 817 B ORI RS
mount i ng posithé 2xtA0R o€ therdevink dbﬂm:ndk ap@f th 2>5§1t10m3g of the drive cable 1247 and
the direction cable 1248 in the transmission tube 1200. Both the drive cable 1247 and
the direction cable 1248 are arranged in a loop at the operating end of the transmission
tube 1200, as illustrated in FIGURES 58 and 75 of the drawings. The free ends of the
25  drive cable 1247 are connected to the two drive access cable extensions 140 extending
from the reciprocating driver 108 and the free ends of the direction cable 1248 are
attached to the pair of direction setting access cable extensions 141, projecting from
the drive direction setting plates 134 as illustrated in FIGURE 59 and as heretofore
described. The opposite loop ends of the drive cable 1247 and the direction cable
30 1248 are extended around the top pulley 1210B, rotatably positioned in the top insert
1205B and the bottom pulley 1210A, rotatably positioned in the bottom insert 1205A,
respectively (FIGURES 75 and 76). This mechanical arrangement facilitates
movement of the drive cable 1247 and the direction cable 1248 around the top pulley
1210B and bottom pulley 1210A, respectively, to manipulate both the reciprocating
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15 illustrated in FIGURE 58. Furthernore, the selection bearing 1252 is
pivotally seated in the extension clearance hole 1253C of the sel ection
beari ng swolewn2g5263, having a socket nounting extension PEFAKR02/B064
nmounting the sel ection bearing socket 1253 on the operating end of the
transm ssion tube 1200 (FI GURE 58). Accordingly, the | ever 1251 can be
mani pul ated with a finger and thunb to pivot the selection bearing 20 1252

in the sele eari g, soc f e i . ioning of the
ospoct 1 ve. org oAl RRRNRb O R AN 138 Un Rl B bIEFOBLANAD
1256D, with daectmrseemgqmie e arthe caslea'()ilmsmfnsivb% fraaipakition b0the dirextish t 0 t he
respective cresce a 56A,. 1256B,, 1256C and
1286 at thé‘CtP%thE%‘t lllﬁégﬁe‘iﬂ’rﬁﬁ’éﬁ@ﬁ%%% % erotpfqre éﬁacnﬁéo?g? t he
socket cavi H}feé!ﬁ)‘ﬁ%oﬁﬂ&uﬁ% %HafHdlﬁBcctlbxbﬁloﬁﬂl%ﬁhg]ﬂSSﬁﬁnJ En'e@i-ﬂ@&uﬁlq}xoun-mﬁ joint

ball 780 is fixedly nounted to the extending e of the transition guide
cone 1238 ad&ve @@enwﬁmgﬂél%émf@ toyrmgvide afag valtthmeéatlvgrppm@gnwﬁ thedrive

rel ationshi Q?bflé@zi‘?eén%ttﬁé fr@ctﬂﬁ%ﬁﬁlh%% aﬂ\ﬁﬂhf%ﬁﬁbx‘?@fﬁ@ J‘ﬁ'ro!:a% ¥@'drivérl 1S
therefore effective to aC| I'tate universal’ novenent escent 101
wi t h respectl08§ and the compamrisen thiivedigedtide seting plag3834 (agthi the fised ditetion n FI GURES

59-64 of the fenri nepw t o Fl 1., 40A and 80-83 of the
drawi ngs a P?fg E‘gfapeg]?ia r‘Eﬁéﬁff“ﬁ%s tﬁﬂ@&g,pymﬁﬁ%@g iWIﬂI1 ng?rgpg “For mount i ng
on one end d@ésctib&d. cTEs brit illubfdteditithe appbsiteglidling pobitioacbfaBAdiaédtiaahed to the

m ddl e of the crescen haped ne d 50. Typically, when used al one, the
t hr ead Mcré?f‘ﬁ?l‘ff’il?flj‘séél: é"bg 65gs”rmunt ed on the receiving arm 101B
opposite the advpg fé‘u’i‘nggt%rF‘IG?&ﬁﬂifs ofset Be afd ¢§¢§%¥t}k%awﬁ?s§%tmrﬁ§4 028544
PCT/ US02/ 31764 illustrated in FI'GURES 40A and 80-8 the draw ngs. |t
wi || be appd@@iBuisegated onrhe bottonsingrst b2054nindhe rreuREOMiDpe 4200 Yoh grtt hat t he
crescent - S RSN S RS R RS AR TR ERERIR! DS
gap 105 (FI GIRBﬁ)rotamblmcnneémémttoIimert b2a5Eeky mebng dfa milegpoi JO0&rm 10 1 A

D101, it h e fhedeiinen opim Fyley 2! B85 Sl ER ol B bO8oR HRE Ch eac

i ncrenent | nmzmsﬁmaﬁ{s dﬂaoéomlﬁndﬂqiuueﬁganle@rmI@Jaﬂs Tonal GTENAs filter | 0ose
thread | eadi ng t hread head portion 50D of the thread 50A, extendi ngﬁfrom

the needl eilBgtratgd in RGYREY I7§ and 76 thetap E\é‘éeyal 2HBand dhe bostom pullsy 124PAr ed.  as
|1 trated RE 80
of the o awptclod e olordiidiine AEGOAIE o pif L FHUC % AORY By bifendrlg™

e counterc
di rection aprawd@d@mﬂferrespeaﬂumﬁepmsdrtﬂﬂﬁiﬂ ands‘mtem skt 1203 rsugh theOtheat t he

ontrences | FSREMh Btk S AEEBARE oo borba B BRI 1
accessory 119108, slephelkspetperde théldhe@doﬁ Odblas248ie 1owped amun tleadigploat es its
traversal pulley 1210A. As heretofore described, the pairs of extending ends of the drive cable
1247 and the direction cable 1248 project through the transmission tube 1200 to
anchor in the respective drive access cable extension 140 and direction setting access
25  cable extension 141. The top insert 1205B and bottom insert 1205A are further
provided with four longitudinal, radially spaced-apart cable insert clearance grooves
1255 to accommodate the crescent angle articulation cables 1256A, 1256B, 1256C
and 1256D as illustrated in FIGURES 76 and 78. This arrangement facilitates sliding
of the respective crescent angle articulation cables 1256A, 1256B, 1256C and 1256D
30  with respect to the top insert 1205B and the bottom insert 1205A, responsive to
operation of the lever 1251 and the selection bearing 1252, to which one end of each
of the respective crescent angle articulation cables 1256A, 1256B, 1256C and 1256D

is connected. This action manipulates the crescent 101, which receives the opposite
ends of the crescent angle articulation cables 1256A, 1256B, 1256C and 1256D at the
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15 of the tunnel 100A and prevents entangl enent of the thread 50A as the
crescent 101 is positioned for additional penetration of the material 100.
As il | ustwetoem28sm FI GURE 81 of the draw ngs the thread headTaGDz/sf764 he

t hread 50A may be engaged by a sliding hook 50E to nmanually take up the

sl ack created by the thread increnenting accessory 1101 out of the thread
50A as the needle 50 rotates and penetrates the 20 material 100. The

opposite en r the thread,taj pect.s f.r t.he osite .end of the
Pori ot o0 ol e Rk s ERURES) PELRob AR AR RE Tl s Eikion 0
FI GURE 82 i tHrewled AbRS 1208E dre phoviidpdein dic desptingerids f gevep adetthpeslaidi | 50C
of the threaq 50A around the thread head %&D,of, tge t&);?eqld 50A_as the
thread headM5cWtoRyigati205A i feqilitatedpsartiameiordiysting Bokts bt usseed) far ¢ he
mat eri al 10Ghde éHd%nﬂIEﬁ 1 tl?élirﬁéa_f H&sit}ichﬁ PR t%{)‘;l:g%rhtglb@sé'aﬁéihelﬁ?a%mor suture

to be tied in the threadd 50A, typically with p of the thread

i ncrenen? i nipse d 88xbrrgspeatively, Thihs transmission duhek280ifer applipioarnditeision teonpl et e
illust i i iy i dtail
oo Tt Qi ST S5 1t TS WL 220,

t he mat eri abp&@tingthgdeties. in a single suture or knot. 30 Referring now to
FI GURES 1, 40A, 84:88 and = h i DgS hread i ngrenenti ng
accessory 1101 i e@@%?oéﬁ%mgé%ha&a%%rggami)gt?gﬁﬁ‘?QEaa“ﬂ%% °®g 1120,
typical |y mesgpidtitte operhtive: cde di Gelgesaéranlé Brifulatios catles CE8A, 106K, F| GURE

88). The fixed housl] n% 1120 i s defined hy spa,c.ed-gfart housi ng wal | s 1120B,
with fi%ed!profoad R2OPR anssecHerdiig the sslectprebeasiag 1304 (FIGVRE 19hat theusi ng

val |'s 1120By,a3%; Iﬁsf%ﬂf@n%@{ﬁ?z%ica[@ %2 S5dahy §F dablRbs b wher

movabl e bl ades 1112 and novabl e bl ades , each having concave contact
areas 11 14M5XY.cpaed inmgrespomdingrocenpmeadiengiotsilA§2H pryidediin phessslection fin

Thei de the DR S R e MARRE Rotel oSO R Bl e R RE Qe AR T 1,

aRd t he n})vhédrfnag_azsﬂadmomﬂrbﬂa@raahmgin'tgmba laisgmiegxtmgitofthkgﬁ\&glm?ﬁz deﬁriagd
e..nousli (0] commobda a e |1V .

Soa o The BSEabdh it O, HEEERe 1he SACib bEaite T1s8,S Petinsielal o 50

traverses thfitheeRsREo cléddnde HolIIB AT the sefdttioR bbaril 0Bkde|188% hakidg al S

slidably di sposed above the fixed housing 1120 and beneath the npvable

housi ng” 11180cket mewing oxieneian 17 hbk.dremepmingibe sdediop beaungsaslsst 13636n10 be
croscont 107 oBerfis LAELCRE FaRARE A ihe 1300 AGLEGE 1) MBI fehe, ' 11
i 11 ustrat edlever RISCIREBE manﬁamlatat_)yitﬁa ﬁnger_ aad dh@ud 6f pivdtahel sdvdticogbea'ing_)as e
1121, o1 gR0S DR R L G A SR ARSI 1L
and tapers fdpective crescent angle articulation cables 1256A, 1256B, 1256C and 1256D, with a
corresponding articulation of the crescent 101, fixed to the respective crescent angle
articulation cables 1256A, 1256B, 1256C and 1256D at the respective base corners
776A, 776B, 776C and 776D of the socket cavity base 776 element of the socket 775
25 (FIGURE 80). The joint ball 780 is fixedly mounted to the extending end of the
transition guide cone 1238 and receives the socket 775 in rotatable, articulating
relationship, as heretofore described. Manipulation of the lever 1251 is therefore
effective to facilitate universal movement of the crescent 101 with respect to the
transition guide cone 1238, as illustrated in FIGURES 59-64 of the drawings.
30 Referring now to FIGURES 1, 40A and 80-83 of the drawings a thread
incrementing accessory 1101 is illustrated for mounting on one end of the crescent
101 and handling the thread 50A attached to the middle of the crescent-shaped needle
50. Typically, when used alone, the thread incrementing accessory 1101 is mounted

on the receiving arm 101B opposite the advancing arm 101A of the crescent 101, as
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15 the forward end to define a narrowing slot 1144B at the forward end
thereof. An access extension tab 1144 slidably seats in the access sl ot
1144A andwDu3foessed to the actuation plate 1134 (Fl GURE 9PCI/tmazi3t7he access
extension tab 1144 receives a transnmi ssion wire boss 1142 for attachnent
to one end of a power transm ssion wire 1140 (FIGURE 91). The power

transm ssion wire 1140 extends through an opening 20 in a nounting boss
1143 rnmounte [AVg e f i t ube
1141, "whi ch S raklf PRATRES AARRE AR Ga0es B bcppleclldbedniy

whi ch fl exi bbdmsidendiion bIFIGUBRESi 402 &8l §08athaethe ncksbantrdhaped 26ddle Baw ng a
second handle, trigger 1261 B .attached to t andle 1260, as.il]ustrated
B oure asSsed i SR o et S Al pBdpRaReh GREt PbsTBRte G of ¢ he
access sl ot raveddthaBftsén? Po s@idade pfy 10 GaAGURERG) 1At crdsted: 181, Betiveadi ng t he
access slot 1144A. 'Accordingly, operation of the second handle trigger

1261B i n° t h&eqevaingrandl d A agithe receiyreg arp 118, anwekanthethused ei nafter
descri bed fﬂfekénaénﬁhgg\c%kw PE ITONETROthr&fd S0 81187 Re c&%%éfﬂéh@ﬂee’d?eb 1144 in

the access slot 1144A and 1n the narrow ng slot 1T44B o 1e access sl ot
1144A to sl PeeThhthreadtinatinenting agcessary3d4 0hpodesigned ta henldechndonabhentitbeisi ng 30

1115 in the fixgd usdng. 11 e [ 50 .during suturing, as
her ei naft er 10(9 éés(g]rr?agggﬁ ll}éﬂ?ﬁaﬁ%gﬁlg%@ﬁﬂsgﬁ I‘#@ﬁﬁh% a§§géh%f(t§‘§{"ég p%rinﬁﬁ%f

pi vot al bossaeaslle 30| 20 theactdin G0 traoersdshemated ald@030 be antaredpis illogratebipect | ve
housi ng_ wal of the {fixed housing.11 gagi ng correspondi ng
case bo%évag Ff)%@éég %9290’@ ‘Ar‘i?oqu‘l‘ég)i}f’afg m%%%%ﬁ%gp%%@ Oggaf%ia\‘iﬁ‘gﬁ fi xed
housi ng 112Qeddn 408 r@taﬁﬁggﬁme cuhtdEoBI3 R 8R4dioRGE M/ k! BbveRal &irdtl NY
again to FIGURES 7, 84, 87 and 90C-91, 93, 94, and 95 of the draw ngs the

hi gher novapttersphe@ateriali P a8 the anpraags WOB) andexity theanateral ghtheesty 108C, {he
ol o hooes : : S : . _ h
movabl e hougl.ng ajc%frr;enuo%lk iR Voo%eﬁﬁ&@ra{éa 1§g§ax{§§%§ﬁrﬁ@ég§éaﬁ%&é%&tln en the

latter is typical nount ed on the case e advancing arm-101 B of
t he crescentccegsonsl OFItBuRECIBA)p thE tleeahif) Ao aothe conile 6@ eoropletss its ravérsajher

bl | ad 112 th bl | ades. 1113 i | t d
e a oL v ¢ it e FoneL AR SN eRerfk® Be e e RE S04 B Fredfaiind 1 i
1112 are pOﬁédiﬂimecfoﬂ&dghﬁmametnbtrmmﬁame inatetihiel J0a s illaétrdtdteinMIGARE housi ng

e

1115 than t vabl e bl ades 1113 (FIGJRE 84). The rear portions of the
respective Bl QE%F%F?&(}QE @e Hrr%&eai(f@ of e fgwaépé BRRPREZrEatdNY defi ne

fins 1145 (i OkBOE, Whh&Taly BikE A6 XISk eehtdd B P threstinclehdehtifg fin sl ot
1146 (FI GURES 84 and 93), shaped In the back of t'he bl ade recesses 1148,

respect i vel gecessaty béddiuhgf b thiked 20/bpatlencedle PR satates andipangtrates thien | eaf
ectt o) ISR b O OB 0K g R RSB,
95). Tabs 1dfltBe amateriabb@@at the entrance 100B, as illustrated in FIGURES 80 and 81.
FIGURE 82 illustrates the technique of looping the severed thread tail S0C of the
thread 50A around the thread head 50D of the thread 50A as the thread head S0D
projects from the exit 100C of the tunnel 100A in the material 100. This maneuver
25  forms the basis for the first knot or suture to be tied in the thread S0A, typically with

the help of the thread incrementing accessory 1101. This knot or suture is
substantially complete as illustrated in FIGURE 83, which illustrates knotting of the
thread tail 50C and the thread head 50D of the thread S0A to secure two segments of
the material 100 together in a single suture or knot.

30 Referring now to FIGURES 1, 40A, 84-88 and 90-93 of the drawings the
thread incrementing accessory 1101 is detailed and is characterized by a fixed housing
1120, typically mounted on the advancing arm 101B of the crescent 101 (FIGURE
88). The fixed housing 1120 is defined by spaced-apart housing walls 1120B, with
fixed blades 1114 extending from the rear portion of the housing walls 1120B,
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15 tabs 1118A, having triangular tab sections 1118B (FI GURE 94), of the
novabl e bl ades 1113 and the hi gher novabl e bl ades 1112, respectively,

ext end dowowasnedsy4s through cl earance hol es 1124, respecti welmysor/sishe
novabl e base 1116 of the novable housing 1115, as illustrated in Fl GURE
94. The | onger tabs 111 8A extend further downwardly fromthe higher

| ocati on of the higher novable blades 1112, along with 20 the tabs 1118, to

reach align ral | el pgr ) Vi [ tion. plate
1134, as |1 ToreRRPly S qRERERRHER vt £ O HOL 0ohi8 AT A R e 14
18A ar e contomhbecbrtivt aregh! t s erqjent migl feino gorespbndies fid BB Shispbeadsh i di ng
noti on of he actugtion plate 1134 with r ct .to e fixed housing 1120.
Thi s cont r ofnslot | 15 smperbyaroriied fi.s Gb OB hpvains) KB PPEErbisKiz o by
sliding bacﬁx@mﬂodsﬁfgt1hz'omfm@RE%%emeﬁtgh&ﬁmo%r@bma@snm2%d PRt h&vhbiel 44C
and extended range of notion 1144D, respectively, over the access sl ot

1144A andl t hadesal 3 ireigetdntsa suideagot HAPAdxewdersin themoxahle beusingt 1 1511044, as

prate 1134 Som FRERRNel HRGEIRIR p SRR RGe BB Ol e g

1120 and t hél beseespoctively, as the needle 50 02yerses theirtebeent 101 USIGURE B8 )n Al GURES

30 86, 90 an 0C-91. | s r.egi,pryocati,on an ntact . wi t he.respective
Vabs 1118 ofdapraie 18 SR RE o ABa s ke Rl L0 RARERE v el o
blhadez 1113tHe|an$\}aB}edhdu§i\ngL1dn5'. Aggédmﬂltthﬁeb@iﬂckﬁnmﬁb né@é\ceéﬂrﬁURfEAQﬁﬁ)r al/é!@gln t he
thread 58 i ocat in t ui de ot 1126A hy. rotation o e needl e 50
in the Lt} esPefesiangd to W?é?%ﬁwfcf?}fea@@eiﬁ)%fﬁonllvfereeﬁ @gmdﬁ??ﬁgﬁ%0§f ps the

fl exing act @kent\sH, hi NRRtatB@UENEIIR P80l JTeh&Glatdidson 55 WO 03/ 028544

PCT/ US02/ 31764 plate 1134 in the normal range of notion 1144C continues to
mani pul ate the Aedydherillustratgdin HHGBRER Y, 800, Bharand Qi of theidsawimgd aby t hi s
action, for t ' I: ' e | to the
rear extentg%?' ltlggc@%ggég?ué}l?gﬁ{#g\%g%énﬁugl%i@e%lg%g a&ﬁ%ﬁﬁ@’%ﬁ%o 51t
i s soneti ne$l Heandsmarcyess sloti$ EA4tAnexterhis dmdardyntirarphribe baged¢2basbtapes at 101 and

1101 A ,pne.on the,adyanci.ng arm | OTA a e on_ the recgeivin rm 101 B of
the o bEc ol Tyowrd Bid PrYBe » Bt ing it il Bohe et SREMHRRD LR of

mechani cal  gekssadxednSionMatst 14aslinedlg séds i the AédassBlott N4 Ahihe adfitddab enent i ng
accessories 1101 and 1101A have been_designed to operate with a single

actuator. | #eteatigemlate 1 a3t @GRS 91 haaé theaeeess extgrtion Bhd 1 racciyiear enote
actuation | piinisddPwRB8b$S1 195 flitabidhent 1d of alichilaowet RIMHisdidDRirt 118A 11

each thread Incrementing accessory 1101 are set in‘a nearly perpendicul ar
pl ane with tEENEIGURE Phat The pawer transhissionovirehl 1d0skeddsthiaueh aarpgeningvabl e
bl ades 13, respecti.v Thi hani,cal nfi.qurat.ion facildtates

rever sa o%natrﬁéu%l rgebco':g % %Ind'?’l nogﬂ%?%ﬁn fh%é)%gec%f@t%ng%gcﬁﬁé?%oriel%ﬁ Or?&st travel in
order to befiekible@ube 1141, which is secured to the mounting boss 1143, the opposite end of

which flexible tube 1141 terminates in a second handle 1261, having a second handle
trigger 1261B, attached to the handle 1260, as illustrated in FIGURE 4. A hinge
1121A bridges the gap between the rearward end of the access slot 1144A and a

25  spreading clearance notch 1121B, extending the access slot 1144A. Accordingly,
operation of the second handle trigger 1261B in the second handle 1261 (FIGURE 4)
in the manner hereinafter described facilitates sliding movement of the access
extension tab 1144 in the access slot 1144A and in the narrowing slot 1144B of the
access slot 1144A to slide the actuation plate 1134 and the attached movable housing

30 1115 in the fixed housing 1120 and handle the thread 50 during suturing, as
hereinafter described. As illustrated in FIGURES 91 and 92 a pair of pivotal bosses
1120A extend from the inside surfaces of the respective housing walls 1120B of the
fixed housing 1120 for engaging corresponding case boss grooves 1120D in the case
102 and slidably securing the fixed housing 1120 in the case 102.
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15 respective higher novable blades 1112 and the novabl e bl ades 1113 into
contact with the needle 50. This activity facilitates use of the actuation
pl ate 113wotos/o2ds8o serve as a drive plate and pull the mpeahise2besi ng
1115 forwardly, respectively, while the higher novable blades 1112 and
novabl e bl ades 1113, respectively, are | ocked on the thread 50A, as
hereinafter further described. 20 Referring now to FI GURES 4, 90 and 91 of
t he draw ngs the tuation pl i i ] ng. { by a stiff,
but flexibl e pomgr%?eﬁ%%%ﬁ%@i%?%vﬁ%%i%& hd 61265 AN S dineY 2

f1 exi bl e tubiewidgltthphighedadvabid bladesd liRiand aolvebisbtades UG ar¢ mouniellimst r at ed)

that extendg to t r oxi Si. of the joipt ball.7 n to the second
handl e 1261 thepRey %dgwlﬁlé by Sy st el iy g?‘?&ﬁbﬁaﬁsmﬁﬁgﬁ@w@%%ﬁfwe{?e 1140
i's 25 connegtt9pichlty mbEntéll bE thRtdade NS the ¥4 Bising ArR 96 8B bi f# crédcéntildgd on the
access extension tab 1144 that extends down fromfixed attachnment to the

act uati oh p(HEARE 84). ThmanglgefcoavergenasHfshe higher moyableddades 11 b andythet he
ot 1144 | t ' ' . ' 1141 |
st o ! HIOTVQQC Bﬁﬁgs EI;I s3 ﬁ?‘ﬁ%éﬁgdg@ﬁ%m}‘é %%cglv%)n 1 i(ﬁ@. mlﬁthtﬁgﬁﬁe IS

fixed to the nountin att to e 11271 of t ked
housi ng 112the paganf higher modabdé blalles HdEeasspaditidned Bighed withresphe te thyllasst

techni que of .pullin nd .co | thr e rd Ln t he

eyol tng. sut b PR BRErSET] [ IR ORI RS ATE it $2) 0 dng et

slhi di Rg hgoisorti5ﬁ£oi; tlhl: uspédtive Higher ilﬁb(&H?Ed b&aesofllﬁfmddm@abl&gﬂadfﬂ'mem%k snggs
the thread 50A, _allowng it to sljide across the curve 00 ection an
forma lQ)opS%@"etﬁf@ lﬂégkﬂ&l}% ) Wrirl seecpanh WQS@?/‘@%?‘GE““’&. Hoaway from
the stitch g FEGORERS 413 B, shBfeddh tRYbackdF tRUSadetBE&SsR1138, di ng  hooks
are known in the art and are currently used in suturing operations.

Ref erri ng nesapectively urHend®g phghese blafes igresiiigierstoi athiarlerfiseetipn b r ed

enbodi nent gf_. I £V i 1 - b I |4 t he
Chread 50a Rinighd Y PR G Rebcnbt aft SR duch BPAR S, h8alIEBENL0

sut uri ng antll Knaid-rhyvably Wades dé13,medpectizxelp(RIGURE] 95)| Tabsd 1h8akd longeok devi ce

1000 whjch- i npl enent ed, as,a douhl.e_i I i,on.version, 1000A

(FI CURES 98@%&P%%B’6’;&“H’@B@ﬁiﬁbﬁ?%ﬁ e Q§£€¥%€§4gpf¥lﬁénw§&eedur e
under t aken. plaged UNBhad thd Higtsdr hadvableiblades BURE FesB8ctiv@l, axténd BowhwiadfyE 102 in
particul ar, each of the_inner housing tubes 1045 jncludes a retractable 10

hook body 1B1enebiclearange fiplen 1124 espetivgivotn the mavabledars hidé aiphesparable apart
paral | el reﬂ(;usix{éoﬂﬁ5?%selﬁﬁét&9edsib34?§§ﬂ{@b§. ﬁﬁg é@%&f BOPIMA kR Blthg! T or ard

hook faces 1012 ~an aving a t-1n, s I sposed grip/eject/cut
bl ade 1020, dewnwardiyhfzom thd higherdocation nf the/hijiRES 098bla bthdeD D1 12T hleng with

0 0 L5795, A8 s A s e SR s, e

ext endi ng fplatt1134, as illustrated in FIGURE 94. Each of the tabs 1118 and longer tabs

1118A are controlled through these parallelogram holes 1138 by the sliding motion of
the actuation plate 1134 with respect to the fixed housing 1120. This control is
implemented as the actuation plate 1134 reciprocates by sliding back and forth in the
25  respective normal range of motion 1144C and extended range of motion 1144D,
respectively, over the access slot 1144A and the narrowing slot 1144B that extends
the access slot 1144A, as heretofore described and as illustrated in FIGURES 90C-
91. The actuation plate 1134 slides in the space between the base 1121 of the fixed
housing 1120 and the base 102A of the case 102, as further illustrated in FIGURES
30 86,90 and 90C-91. This reciprocation and contact with the respective tabs 11 18 and
1118A, causes the higher movable blades 1112 and the movable blades 1113 to flex
inwardly against the thread S0A (FIGURE 90C) when the thread 58 is located in the
guide slot 1126A by rotation of the needle 50 in the crescent 101, where contact with
the thread SOA then stops the flexing action. Additiqnal movement of the actuation
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15 end thereof and a forward bl ade ejecting slope 1022, oppositely disposed
fromand extending outwardly of the gripping/cutting/overhang 26. The

gri p/ ej ecwbaam2tsheade 1020 is slidably disposed in a | ongipcadisozBi7bd ade
slide slot 1010A, shaped in the hook body 1010 (FI GURE 102), where the
spaced-apart pair of hook faces 1012 termnate forwardly of the
correspondi ng pair of hook ejecting slopes 1016 and spaced-apart, 20 planar

preparatory diftin I i of the hook
body 1010. leaEéeFﬂ%dE ﬂ?)eowgfgrfgg %&‘Qﬁﬁﬁag {4?“ éelﬁ%l oéssrelgrﬁan?ﬁ'}l%tjgg%t/cut bl ade
1020 are seadspectivemaban 1l 8asd thladmgeng;bk ubEB A Gkdbby ﬂms:dmtmhaﬁorctebdlelmokabhody
1010 is fixed to ner In tub 1045 and ri p/eject/cut blade
1020 i 5 abt Bopons | i3an Re proxib) Gsbtiog 1o Bos et e AR ke RES GG TQSBER0A5. and
t he hook boﬂyth@%gdh(,\lﬂgm@@r di sc 1065 is 25 provided on the inner housing

tube 1045 as further illustrated in FIGURE 102 and both the inner housing
t ube 104% and thétlapmwesmeg@ssmagu@ﬁfevcetheqaés@dewmmgracepssmdllﬁgandjbe

enl arged segjypQ O%Qﬁ,élﬁgﬁl %H;a{’ééﬁ%%gng afid gﬁg&pﬁe%&%ﬂk?&l#unger di sc

fixed to the inner spaced- apart
1065 and akmscephtdlgsedlustrateden RKHSRA GRS UBiecetht angber sfeutdhenicdl GdRiatothe

nnar - hous: A"t BRd A Ab eaner g e nBEnearerpaedtol b RN an

actuati on whive Bdehdedignedltb dpérate wikisPsiagid aciatof e sider torioesmplatSheérg tube
1045 as _further illustrated in FIGURE 102 a i secure% at_one _end to the
gri p/ ej &2t/ &R Tusctens Wit ang smoty M%Wlwatg ?Sn?fﬂfl gl by @yddhe / cut

bl ade 57 WQ %%(QQ@M%AWaHﬁ@%a%%K&éneﬁ&?goach&s&m 104 afiEsep déjﬁeaﬁkzOt 1010A

in the hook body 1010, by operation of actuation wre
her ei naf t er pempendierlarddensrwisletespors t nhattcrféhe hngh@rgn@mb&jblad\esnll@ms 102 and

102A of th h hook
02 o el BBk P 0P Rl B S1OE ARNELE G, 2, MO0
1070 ext endbfithefdirectidnhie wirdctathk ettubtimkplejedd 84 nngsﬂrm@m driddtotbend the par aI | el

hook faces 1012, CCO of the,threa A for )

mani pul o8 ndoRivE BEBERGOTHLe bir St 1 0A0 tmpuld RAFEcH 19 e ARSIty | bed.

Referring new deedlESGURES at@vitypfadilitites we of e 4bhavibA phatd NEB 400 1aRo&kEe s CUt

bl ade 1020 |s illustrated fixed to the extending end of the actuation wre

1050 and i sa duige plagandayllthe moxatle hemsingobld Sfpoayardly, respestivelawvhilsthends from
the blade ejohti ngvattOREdcti32 by hideable bRlaEd} i Heesf BB B3N 1R off i Ner

illustrated I's the preparatory sl ope 10 ovi ded on the extendl ng
end of the gueqdlﬁ]ﬁe@shmmaﬁmfdﬁhqmnbeaef erring to FI GURES 99-103 of the

dr aw ng t he act y; |on Wi I C wi thin the I ner ousi t ube
1045, 07 1'at ¢ or Rl Y RTCRIRES ARG RRTS (R dubip B Bt BHRAR .
smal | er auxil34aisdrienibackGintl fidrch Eﬁé@nﬁff(ﬁﬂt ﬂdﬁﬁlel;ﬂﬁoer taAdmidsion wire 1140,

which is housed within a flexible tube 1141 providéd within a main extension tube

(not illustrated) that extends to the proximal side of the joint ball 780 on to the second
handle 1261. The opposite end of the flexible power transmission wire 1140 is
25  connected to the wire attachment extension boss 1142, provided on the access
extension tab 1144 that extends down from fixed attachment to the actuation plate
1134. The access extension tab 1144 passes through the slot 1144 in the base of the
fixed housing 1120. The flexible tube 1141 is fixed to the mounting boss 1143
attached to the base 1121 of the fixed housing 1120, near the end of the access slot
30 1144A.
The simplest technique of pulling and controlling thread when suturing using
the cycling suturing and knot-tying device of this invention is use of a sliding hook
50E illustrated in FIGURE 81 of the drawings. The hook snags the thread 50A,

allowing it to slide across the curved hook section and form a loop as the hook is
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mani pul ated as hereinafter further described to cause the grip/eject/cut

bl ade 1020 to extend or retract in the blade slide slot 1010A of the hook
body 1010woas/ekssi red. For exanple, as further illustrat@dTIUSOFBGURE 102
the actuation wire 1050 can be pushed forwardly to slidably displace the
grip/eject/cut blade 1020 forwardly in the blade 20 slide slot 1010A in the
direction of the blade extension arrow | O0O0F, to msmatch the

gri ppi ng/ cut i ver ha 6 i e .qri j . bl 0,.. with the
hook e ect?%ag svgaﬁlesorﬁgt%ﬁjtg%dmﬁ%%(&lp ng{ég?é’%lfgl% %C%e"t&ﬁggﬁ%ség%iﬂl%lo.

Al ternati ve]!lyokhstdnekmg{zﬂ plthée@hﬁd:mbchhant@ds?agn Sfmﬁﬂégopeleamrrsed by reverse
operation of the_actuyation i y dis ce the
grip/eject/cut bRg ﬂ%%‘@”?#ﬁcﬁ@%ggg'sﬁogéﬁgfer BYViNgH! (ﬂ’eégr‘ir%_%‘iﬁect to the
hook body 1eh8odifintbf M8 idvRAHEH 4 RPhiDakeHAtld BEhRYRHARMhILRR thewhiehd 508  hook
ejecting slopes 1016 to facilitate a correspondi ng bl ade open profile 1028

and hook ofemngthefspuang opegraign whide REak Iereline ﬂ@wrtgeanﬂd@eﬁa»@ng deviest r at ed

i n FlI GURES : i : .G as

Furher 111 CudRld sl SR o HoBR ey RGO 18R e pBRARARE S 525 1 e

i nserted i ndoutde histadletiapesrsian 100@% (FISURIZS 98 mhd3URE] 98)) depeudinpepon the

grip/eject/cut blade 1020 the ved, i he.... f.orwar i L on orwar d

T pul at 1 offtigre QRS Pt BRREARE” B ppuPif PRt CLTES p 2P pd tad e

ext ensi on aFIGURENQQMm pasicilat, ésdh @ftthélinndr Fdusldgiubdi2,045 encheleg ééti’aetdb{mp of
rnative, an rererring

t hread 50A (FlI 10 Sti]l furth the alt
ag;:aﬁ t & Fﬁe&%gl&lg%%ﬁeﬁo\ilmc{f%sdgr U ﬂa%&e oed by Apasst 2Berh Razalic an| aced
in the bl adg,Qp§8ctrR sV(‘QeQ%%ﬁ@%n@%nﬁﬁ%%fa%@ﬁﬁrw&rdq{&k?ac}eg%glZazﬂﬂl

mani pul ated as i'llustrated the device retraction arrow 1000E to a

desi red poshaviega built-ingslidgblyrdisngsed grar/eicet/qut blade 40k 8s fderiliustrated thesi r ed
to eject th taol f . . . I 028
after so mﬁ}%ﬁuﬁgg igr?ga ? ﬁ(e)a gg%ﬂgjeggétkgaggdb%ﬁ%ﬁﬂ% fg@?&‘@}r%‘fé ICUt bl ade
1020 can begrpping/aliting dverhangh026, o ppsiatory tlade siopeh024 dtukd exatmiingdfrodthe

o ope 16p0" Fid et RevRgatedsrtne b 4R b et Farldf | oop
i t he bl ag agdli; bethd ingfuGingPSieian@n6i Thekfi e
mr)\?renrrente of tﬁne@g%%tg{io% %r%a%glgg@u?;ed teo t g6lgr(i)§§§j§/§}ce?/%u%ﬂalrgle\égresi020,

as her ei naf &tisslidabhedisprssd in » kagitadingl tindegilige sioh &0 MidoRhaneddp thedwpkce 1000
can be usedudg) 161 0TRRARE! NANAS ullhOUSipabiirRYbORTEAN Ol iptiftet N ool

as necessary, It can nove t > pea ] Uﬁ grirpprng 1t evi ce can
grip and cuforwhelly bf thadorrespdnding painofjhdgk ejentingslopas tQt6 andespadedepdit, al | as

decer 08 SR R MR IRN G STBER Ml WA IR 05,
devi ces 10000k0amHechook ®ddy 8810 andtshidably nclosddl gip/gjadvai lhdeor20aksieated1000A
H1ustrat edini ar}1 iﬁrller Ro%sslng ?ub%q%4g,osﬁ_cl}8%t th-Q]leook body 1010 is fixed to the inner
housing tube 1045 and the grip/gject/cut blade 1020 is able to slide with respect to
both the inner housing tube 1045 and the hook body 1010. A plunger disc 1065 is -
25  provided on the inner housing tube 1045 as further illustrated in FIGURE 102 and
both the inner housing tube 1045 and the plunger disc 1065 are enclosed within a
housing tube enlarged section 1042. In like manner, a second plunger disc 1065A is
fixed to the inner housing tube 1045, spaced-apart from the plunger disc 1065 and
also enclosed in the housing tube enlarged section 1042. The plunger disc 1065 and
30  second plunger disc 1065A serve to center the inner housing tube 1045 in the housing
tube enlarged section 1042. An actuation wire 1050 is slidably disposed inside the
inner housing tube 1045 as further illustrated in FIGURE 102 and is secured at one

end to the grip/eject/cut blade 1020 for slidably manipulating the grip/eject/cut blade
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doubl e installation version 1000A is characterized by a double installation
advanci ng arm side hook 1000B and a double installation receiving arm si de
hook 10000 oatoegsi4 are identical in design. Each of the deahlwsor/swbal | ation
advanci ng arm si de hook 1000B and double installation receiving arm side
hook 1000C is typically 20 characterized by an inner housing tube 1045
(FIGURE 102) that extends into a corresponding and separate housing tube
enl arged se RE 103) .

Furt her nor e%be(gc Qﬁgafiﬁéhcf ﬁ?lphg{léﬁ%?ggongglgtﬁéﬁgsoﬁé §§llrl:n1)3| Ge hook -1000B
and doubl e ncshtidd wire 0050, @s kérginafierafurther déscribedk 1000C have a hook/unhook

o bl o ect cut | bATER R arted b JOURESIDEGnE A0t A O thetreviodl fhe horh? 1010
of the hOOBo@ﬁ@O’lOLQ%&?cﬁdﬂﬁdt&lﬁed'bb'a%k@b@fd{)ﬂoﬁlﬁ(ﬁQF@EIG@RE P%%grtﬂatngl Y,

t he design and operation of the double installation version 1
i ncl udi n§ t Hefirgs@dioek cprisinmentslpol) 70extandingdrom thegtamdlehbrak aetngslapes he

doubl e i nst ab} gl ABAIHANEHR Rl Eolzsw&ct;fh%d;%%nggthoo%égﬁ%oo;bgl iy the
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suture10|n|n erraterla 100 to t tiona teri s further
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104- 106, ar ¢hel drippiig/@ittéy ovAghahgn 62®nathe grip/eject/cut blade 1020, with the hook
ejecting slopes 1016 and hook faces 1012 in the hook body 1010. Alternatively, the

grip/eject/cut blade 1020 can be reversed by reverse operation of the actuation wire
1050 to slidably displace the grip/eject/cut blade 1020 in the opposite direction with

25  respect to the hook body 1010 and align the gripping/cutting overhang 1026 with the
hook ejecting slopes 1016 to facilitate a corresponding blade open profile 1028 and
hook open profile 1018 of the hook/unhook device 1000 as illustrated in FIGURES 99
and 103 of the drawings. Under these circumstances, as further illustrated in
FIGURES 99 and 100, a loop of the thread 50A can be inserted in the blade open

30 profile 1028 (FIGURE 99) and the grip/eject/cut blade 1020 then moved in the
forward direction by forward manipulation of the actuation wire 1050 in the direction
of the blade extension arrow 1000F, as illustrated in FIGURE 102, to sever the loop
of thread 50A (FIGURE 100). Still further in the alternative, and referring again to
FIGURES 99 and 101 of the drawings, the thread SXOA can be placed in the blade open
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descri bed, the hook/unhook device 1000, longitudinally and in the double
installation version | O000A, each include an inner housing tube 1045,
connect edwbesm8saok body 1010 receiving a sliding grip/ejpextusousi7sd ade
1020, which inner housing tube 1045 is typically encased at a housing tube
enl arged section 1042 in a housing tube 1040, as 20 illustrated in Fl GURES
107 and 108. It will be appreciated froma consideration in FlIGJRES

104- 106 of j ngs_th . cing arm
si'de hooks PBOBE! S e nin BlimER L Pt oy Bteliok BB AP BUERG,00
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in FIGURES 1 and 108 the housing tube 1040 is further ﬁi})lcall equi pped
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PCT/ US02/ 31&1@4luea<@&1thb@ttgﬁpaﬁlgl 10 déVidésall Grib taia@ cdQfto thitddd 88 Wkl dip t he

housi ng tube 1040 and is aided and centered in that sliding actTon by the
pl unger di senditbes cufithe Swerdnall s dasgreredaibgke. 1065A, that act together as

spacers. Further f s the
actuation wire 1 fﬁqrﬁr rgjvﬂorht@ﬁ{%@?%g lltogr?g#l?ﬁ%&g?%gt}{%udga&fi&&tg{ 1%9

her et of ore atqsmiitb@matmmﬁomme of tte liobkwshoak deviden 1FOELIRDBIBGE], abm theof the
t hree Si n s ch bodi L.es, ng tube
1045, whi 1 edp e el VSR 1 ek e Bfstad i SR IRES B ahd T4 08 RAE®, 0 e
actuati on V\ﬂcﬁlﬂ)lé-{}@ﬁlland}cﬁ‘@ildm mmeA lsrmanaauhaéd 9a ddubldriastallstie aal@smdmg)n
actuat or 1058D hetween the two Ehree position ﬁ%i‘tt(:h bod 1 8C

el enent s f adim sideheek GO0k and acﬂ?é‘?‘étlpﬁﬂ HONTEREIVIRE 8 § e 1020

in the hook,hg tﬂ:QJleeélgn eEﬁdBPJf o RGARA i adl AR it UrRAGd Iﬁ% (Fl GURE
100) or mani pul a dbi@gman s of the thread 50A and then ej ect those

segnent s fr b¥A0Ban ks ingteltntion sédeiving @pBside hoak LANOLHS Si¢allyF| GURE 101.
mner - AbustREidEe B kel ROLER 0P WS (GORICIb Sl iRgBlip A 7T ot the
Ref erri ng agatespéraling dAd_leparate }mndngﬁﬁ)e@hlargtd seletion 1rogg or ian aaxipargf er red

hoﬁsing tube 1040A(FIGURE 1 03). Furthermore, each of the double installation

advancing arm side hook 1000B and double installation receiving arm side hook

~1000C have a hook/unhook device 1000, including a hook body 1010 and a slidably
25  operating grip/eject/cut blade 1020 slidably disposed in the blade slide slot 1010A of
the hook body 1010 as further illustrated in FIGURE 102. Accordingly, the design

and operation of the double installation version 10004, including the double

installation receiving arm side hook 100C and the double installation advancing arm
side hook 1000B, is substantially the same as that described above with respect to the
30  hook/unhook device 1000 illustrated in FIGURES 98-103.
Referring now to FIGURES 105 and 106 of the drawings in a preferred
suturing embodiment, knots or sutures may be tied in close quarters inside a wound
or incision using the double installation version 1000A of the hook/unhook device

1000 by manipulating the respective double installation advancing arm side hook
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enbodi nent of the invention the flexible outer housing tube 1040 is
typically attached to the underside of the crescent 101 by neans of the
crescent wouwaw285@b5 and, in the case of the doubl e instalpicatison3gévyanci ng
arm si de hook 1000B and double installation receiving arm side hook 1000
illustrated in FI GURES 104- 106 of the draw ngs, both 20 can be attached to
the crescent 101 by neans of the respective crescent nounts 1055. The

respective f § Si . ] i r in, case of
oi b use, - 408 AhPaRCt e A erd g S B8 0B 1 SR oshed N IR °C7°, e
t ubul ar han¢ikeS0Gardathread hkeado S0 trespetb&ly, ad HiustretepeThis\eagagement s@fiectag t ubes
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Ci r cunst anc@gheVy0as of Haqloaylelinstsllafibh Wdvanging At kiRiobl i1000B deia@e®frothi S
invention is utiljized as ilJustrated in FIGURES 1-3 of the draw ngs
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in the cradle .12 and til ith.,the,cradl.e 127 ith respec t he
handl'e. 1260 00EEE AR IE0E|d G AFnE cRRifemdRd Soct s huliet Bfnaled o1
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illustrated . in FlIl GURES 62-64 .of the draw the crescent. 101 itself may be
51 W0 08) ozé_@tﬂozle P %ﬁﬂﬁbpgfi LGPt an bl IBHaliop Feee Rt bal |
780, seat edaif sidBBoSIOEHRIC ih tRis ddher FtsNEht Rhotld?Ruiufe Rehing theshdtaidlve
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t he mat er i alt0Q thathe pdditipmal praterial 400Id ps fusther BlygiratedEFIGURE 108t ed i n FI GURES
1-4. Finger and i I t I : sions
the four 5 crescgﬁ%@“%ﬁ%ﬁ%?g% I?Zt# g\sieﬁgé%lgjdrﬁbgﬁ&%¥§§é®ﬁd
1256D, i | | ustmpéredtsiaf thehdBkRBhddk dévitehkD00y aswellas, the doatdbimstallatitre desi r ed
orientation_of.t cent .10 1 r ct t he terial. 100 to be
out ur eds ¢y yRcian 9oiA TR ER e EIGURER 1950 EoiestraRean Rateth

i 11 ustrat eddéseribdd3RFhdoR/unhbek édvicealtopoeaginglifdly 4pday tideidubletibstaldtigngt h  of
t hread 50A, typi call@g attached to thﬁﬁce_nt er thereof, is caused to rotate

ei ther in t HeSipp 10PQReaCE inchiderapdnnes havsung ube k(s copnecisdity 8Moplo bedt end a
| ength of t ; : - Wl jed .l A : 50, as
further ill Eggg’gtc égﬁgtﬁaélg%%gp%%%%géde@sogE)p‘g%nc? h%&ﬁ%{e;%lﬁeé]@a@ggﬁuﬁd t he
crescent 10typicsllgehensedat ahousiggdehe endprgddesertioml? in 2adevsing hube 1§49,msi ng t he

nandh < 47 AR PR T S0 PR Tar ey BORSEE ol U
di spl ace t hBEIGERERr104406 ofi therdrawingothatieach 2T headoublednstaldationiad eineingtatine 1200
and apply side hooks 1000B and double installation receiving arm side hooks 1000C have a
typically identical separate housing tube 1040 and auxiliary housing tube 1040A,
respectively each with a corresponding housing tube enlarged section 1042, for
25  receiving and allowing bending of the resi)ective corresponding inner housing tube
1045. As further illustrated in FIGURES 107 and 108 the housing tube 1040 is
further typically equipped with a crescent mount 1055 and a tubular handle
attachment mount point 1058A, which are similar in design and are spaced-apart on
the length of the housing tube 1040, as illustrated. As further illustrated in FIGURE
30 108 the plunger disc 1065 and second plunger disc 1065A are fixed to the
corresponding inner housing tube 1045 that projects through the housing tube 1040
and the rear end of the inner housing tube 1045 receives a three-position switch body

1058C, between which is sandwiched a three-position switch actuator 1058D, as
illustrated in FIGURE 108. It will be appreciated from a consideration of FIGURE
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tension to the | ooped drive cable 1247 in the direction of the arrow 1257
at the drive cable input stops 1247A and 1247B, since the forked

t ransm ssworsnesi4d216F is attached to the reciprocation ipeputSowai7bar 1216
(FIGURE 56). The two free ends of the |ooped drive cable 1247 are, in
turn, connected to the two spaced-apart drive 20 access cabl e extensions
140 attached to the reciprocating driver 108 (FIGURE 6). In a preferred

bt S B g FALTEH MO TSR

on the drive access cause e reciprocatrng
driver 108 amdicdnhezed whrthateslidingexctioby Ehet;ﬂunmr gisad 86518 decortd Eueges dist he case
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illust rat ed in FIGQJRE 65, as hereinafter further described. Accordingly,
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100 to be SPBéiﬁ&{jswﬂtch rﬁ)fdie%qbgsic'aeme tWﬁn&%ohﬁﬁ% asegmﬁ%ﬁﬂermsd

repetitive finger pressure on the trigger 1267, b for return by the
trigger sprlan@rllzseposeﬁdm@tmwﬁbl1eatita¢b¢<bt@eh@a¢tu80>rpassa@5§b of the needle

50 through the ganﬁfyélm%ng)l?ag %tofth ttﬁlreé ?Hgﬁs‘ﬁhmf)ﬂﬁ%glﬁ/%ﬁ eentgg?waiﬁor W th

t he thread e nee e needl e "Openi ng |n each
repetition. t}i,reer;geltmn swmhIboayljlwammsmsafaclbatemﬁém@wpmgoh bethgut uri ng

posi 1 ofb by eaieckes: bty 10 Ein e Perlebec 1J caey o StERH P Eaead
P ansr ssi opoAHGTRE0 Aot s o O 03 RIS A6ABETHOROHTGE 12760

mani pul ati ng the | ever 51 to change the angle of articulation of the

crescent lﬁ)ﬁglmnﬁsrﬁqfeﬁpﬁa@@dqftpepm@ﬂlﬁaﬂ%&ﬁss@ll%ffﬁtﬂmé:@m dRY rocki ng or .
tilting the

respect to P’%ﬁﬂ% lgﬁ%ﬁﬁéﬁﬂkbpg?ggﬁg%éé)%ag%}?g%tﬁﬁsgdﬁgtﬁ%{gﬁtﬁ%g? ingly, it
wi || be apphecsimgtebe f04wieh osspeat tlethathbusingfube 1646 desi gn of the device that

the crescent 101.,can. be C nt a _precise osiLtion or
posi t i oig conf or{{g at'ﬁﬁgﬁmﬁé ?Bﬁ@pogrdﬁﬁlﬁ ‘é’?r}g(st]ﬁl %fre{l he materi al
100 in bot heﬂrl%(ﬁﬂleﬁtmfth@fnyfeﬁ[ﬂﬂ the iflegibr dmlteramdsmg)um 10p€ iy tpgﬁallwatacﬁast and
efficient manner, her et of ore descri bed,_ the direction of a@fgt ation of

t he arcuat et%té@an@eraée phthe erpseent 181 by means ofdhe fresceni meyntd 0§ éRthei on of
the directi %e%ﬁﬂé%%ﬁﬁle%@sjcﬁlau@ﬁ aﬁ%&ﬁ%ram slde‘h%M(Qb@GB 'aﬁ'd E&%s@ﬁaﬁoﬂ i di ng

of the actuator boss 121 he correspondi ng tubular base 1214C on the

under | yi ng siceimgsnintside hmbd@oﬁeﬂlb}stm@;ﬂ_ln BEGUBES H0Hel 06515&@9@3‘&%8{1)(]&1 essure
OPPos: My Bt £ HALASG BTGRP M08,
the 15 dri v@hc&bﬂmui&ﬂlehreeloaklhgoheduﬂoes 1040, speidet ofithent inpcaserof(sblodrse,ve
access cabl a?reet))%lg ri'lsy secured to the second handle 1261 by means of the tubular handle
attachment points 1058A. The respective inner housing tubes 1045 are secured to the
~ second handle trigger 1261B for actuation of the grip/eject/cut blade 1020, as '
25  heretofore described.
In operation, under circumstances where the cycling suturing and knot-tying
device of this invention is utilized as illustrated in FIGURES 1-3 of the drawings
without the thread incrementing accessory or the hook/unhook device, the cycling
suturing and knot-tying device is used as follows. The device is initially grasped by
30 the handle 1260 with one finger on the trigger 1267 and the transmission tube 1200 is
selectively axially rotatably oriented in the cradle 1276A and tilted with the cradle
1276 with respect to the handle 1260, to comfortably position the crescent 101 in an
incision or wound adjacent to a material 100 to be sutured (FIGURE 62). As further

illustrated in FIGURES 62-64 of the drawings the crescent 101 itself may be
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140 extending fromthe reciprocating driver 108 and the two ends of the
direction cable 1248 are attached to a pair of spaced-apart direction
setting awoas®2ssabl e extensions 141 extending fromthe decrasd2/sEed i on
setting plate 134, manipulation of the actuator boss 1214B effects
rotation of first, the drive direction setting plate 134 20 and then the
reci procating driver 108, al ong with the underlying fixed way direction
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Accordi pgly,,. illustrated i.n nd 39 of.t W ngs
Neapons| T HisBiaes e eRmmpeson it gp 02! in Sk represiostibe {40 e Rpuly
direction gfkibh&the |1@dpéd Hedecable ems;e@l th@ditdotidh of thR\uefowel 27ait fiedibecase 102
in the counterc]ockwi se direction by pressure applied to_the spaced-apart

di rection seabls guiionssid4datand 184 TR ncs ke forked transmissioaired 12 10FHF GURE 22A.

This action, eRpvayy d tieng pl ate
136 fromt he@dpcgésq @gﬁ%cfﬂ?ﬁ%agreg'?@gylbﬂgn1%1%6RFI§8 to %) hreﬁhgg‘é'{)ﬁggﬁﬁclisl fust rat ed

i n Fl GURE 3the logped dritvh eatda$ 24 baors.sin \@RG:onpeased d:ethetmo spesed-apatediive ng case

sotii ng Ol atestani St AR EPEPBRR difCrekbrdddfing bl RAERIRE ) Ofhg
137A. This pwﬁmﬂembodfmmneffhemnwdebrmmafmhes@itggémgzépleam dffcdn

effected by contact bet yween 15 thg nd, of thﬁ shorter. drive direction
setting pl athe H¥Aacasss a0l etensiony ShYpnhcaysesdhe reciprocating driver 108 and the

drive direction setting plate 134 to traverse the case 102. Typically one full

depression of the trigger 1267 results in a complete incrementation of the needle 50 in

25  the crescent 101 in a direction determined by manipulation of the direction actuator
1214 illustrated in FIGURE 65, as hereinafter further described. Accordingly, when
an exact positioning of the crescent 101 with respect to the material 100 to be sutured
is effected in the wound or incision, continued, repetitive finger pressure on the
trigger 1267, biased for return by the trigger spring 1282, effects multiple incremental

30 passages of the needle 50 through the material 100 at intervals determined by the
operator, with the thread S0A following the needle 50 through the needle opening in
each repetition. Large or small adjustments can be made during the suturing operation
to position the crescent 101 in a more optimum and comfortable position by

selectively and incrementally axially rotating the transmission tube 1200 in the cradle
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136A, located on the fixed way direction setting plate 136. This contact
forces the fixed way direction setting plate 136 in the direction of the
arrow i | lwetmsaessds i n  FI GURES 37 and 38 to effect registra&cirarsop8i7she case
boss 102D on the case 102 in the detent 137A |l ocated in the fixed way
direction setting plate 136. Accordingly, 20 when the crescent 101 is in
this position, the needle 50 is constrained to increnent in the clockw se
direction r t he
reci procat | g TS BREI 2 b SRard AR SAAR AN PRI L] | e
55, since 1b6kwitbeespectaatherttanamission talgsl 208 and\noalqmgcbretlldngﬂeqmﬁe 12654 on t he

drive di rectl 0| at 3 This. _dri effected by the
bias in the o‘P ﬁ’gé‘féﬁ%#r?ﬁ%ff 15 Yo %%boorqvletﬁﬁo °¥?°g’? lig%é(; PAERRE 65)

whi ch pul | sshblgimrdnvents Aekerdingdy it \ejllcb"egapprdcihtedﬂa@ndld)ﬁgﬂeraﬁmcaﬁxhe 1248 and
seats th ting driv 108 in drive nfiguration .in the case 102
when th drﬁ?f%grb?ff he drse bexthr F@SW&P g be glareg pad PIRNRNGhN ARTEEIEE | on

setting pl ap@snléﬁmqmuioﬂs e&ﬁfowama t8 heliprEdidriBHoRBANA stifcBingCRE Rhehackw se
rotation of the need In one node, the needle 5071s constrained to

nove in t hel@inhath lﬂrgﬁ:m‘@@' sruall wetsiagrandvewmnd oppringy iagclastiand gfficigitnce
novabl e Ioclﬂt Of the fixed way direction setting plate 136 on the case
102 as illustrafed in FI GURE 21 bends the respective |eaf tensioning tabs
118 and Ionger t Albderbtaf8md de$cribed, the direntioblod datstidiléX thenadchate deedle 50 inl08, such

that th dl Lin iver .blades 112B engage e 50, as
54 0 0 2B PR SRR PfaSh PEFR ATeRTon BHTaR 13 ST aw ngs.
Furt her mor elllu%trﬁté@ it FIGSUTES 3¢ tSlidengSéftthe &dtuatbiisose N D 4B akd méearréslgan@ihg extend
downwar dl y through t he 8ara| | el o ram shaped openings in the reciprocating

driver 108 fubplrpase Il @naliler\ér&er&swgsSBfl%F\ﬁﬁchpma%bfénmlshﬁmfu@ﬁt rotation
of the reci gﬁﬁ raEshi¥eey pé,gﬁ hﬁg&i)mw%ﬂ’&as b5 @968 dihERRLBRINBIARL of 5 t he

| ooped drlv 47 ef ects rofation of the recCiprocatin river 108,
the needl e B3iBc diregtioheatde 248 atidrthert thodrigeratile §241. alinceltBa two endsrféha wi t h-

respect do th irection
et b ngl bl adive BRI &8 sl A5, gHIFSh et i dfsibrsy

i mobi | e. TMGeachdimeiomnhe etiprdratingddlie 190 ahd thetero endsiof «hedireaio\m se
direction around the cre nt 101 continues with forward and .10 reverse
her erent at PIE b8 e SHBRE PR PRI A0 SR el A5PR9 6P ot § on
setting pl attensicid 14Diekiendihg FAGEME Aride BREHoA R BR %Zpldﬂ&l%cxﬂ&ﬂ?ﬁlﬁhbl%ﬁhanged
by again manipulating the direction actuator osite to the position

i11ustrat edther@ctumoeua@ 1244B gffects rajationafdirst, ﬂleﬁmﬂee@wn seHing phdteildh causes
a shiftyg %ﬁﬁéﬁ 1R Ged 5atgf§rcﬁﬁztef Po%. Sfth 'vﬂ%stﬂle %&eﬂlﬁ%ﬁ&é‘b SPRA3
| on

dlrectlono e case wtht recl ting driver 1108 by
oper at i on ofettingepleitei 136, Qiltthecasedr@Zseﬂtelqn@cpitdOé (HI’BUREé) Accordingly, as

the actuator boss 1214B is slidably manipulated as illustrated in FIGURE 65 and is

adjusted such that the direction actuator boss 1218A on the tubular base 1214C
engages the slide switch body detent 1218 in the slide switch mount body 1211, the
25 needle 50 is typically set for rotation in the counterclockwise direction. This needle
rotation setting is effected as the direction cable 1248 is initially tensioned by
operation of the direction connection rod-to-direction mount spring 1215B, attached
to the mounting boss 1217C and carried by the sliding direction actuator boss 1218A
(FIGURE 66). This action rotates the drive direction setting plate 134 and the fixed
30  way direction setting plate 136 together with respect to the case 102 and the crescent
101, in the clockwise direction as illustrated in FIGURES 36 and 37 of the drawings.
As further illustrated in FIGURES 36 and 37 and as heretofore described, the fixed
way direction setting plate 136 is fitted with a detent 137B and an adjacent entrance

stop 137D, as well as a clearance recess 137F and a range stop 137H, the latter
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heretof ore described. This shift causes a different set of driver Dbl ades
112 (rearwardly-inclining driver blades 112C) to engage the needl e 50 and
force t heworvemedses 50 in the opposite (cl ockw se) directi orCTaASpDBRbBYE t O
traversal of the reciprocating driver 108 and the drive direction setting
pl ate 134 around the case 102, 20 as illustrated in FI GURES 8B and 24-29.
Referring now to FI GQURE 81 of the drawings as the needle 50 traverses the

crescent 10%erjnlihafﬁhg %ﬁﬂ%ﬁ@ﬁﬂﬂe%ﬁ‘eaﬁﬂn&@%&m3?139?51*&5@@%ﬁ@rh&n%l ed

through the tunne fromthe entrance the exit
i |l ustratedama0EB pf@k@mse@t 18 b dd hemetrforgtdesaribed rlikersompanents mmie&sde:dabl eto

Tount & I SRthd ASLSIEN'LAGIRE BRIAILNGADark A 001 B ol SAR 10T 0f e

crescent 10 recel vi Credte
t he thread hieakiwke Ebt@tioﬂ dfehé heed@ﬁ(ﬁ@ﬁpweivagestthe respdative agvampmlgaahd on, an d

pr ovi de ddi tional sl ack.for ,another rot |on of rough t he
et er a5 e adongiw, ACEriEg shybkrase T EIATRPF B eR 38 chthen B cure
81, may be df@dngs, fRespEiRUalth % ij@tsdm eftht Hﬁeéthfn%ﬁhaﬂﬁéldllﬁ% i9apdisiboh N t he
alternative, a hook/unhook 30 device 1000 can be utilized for the sane

pur pose, asSstiingRlatea3dds Favsed Ut toayerssdhefixedwase 0% the counterpleckwise cr i bed.
A di ngl d th
ccorarngly dlrwtfoﬁ bty%? s% gﬂllécﬂﬁ rtﬁé@%é@ﬁ’pa?ﬁcgﬁ%lﬁ% ¥eé?ﬂ%%§e§m9ﬁee on the

receiving arm1l crescent 101 thread head 50D
loop int heexthnmm; E@Alliustrat@mrl“dﬁl%ﬁ &;Aop”ﬁnaaqtm abso rhénees tthe waldrlying

i ncrene CCOSSOLY 1 a esC: 8544
b sod) 31 Sxed SEERRIen shithe Bl EICIMRL Sho BT IR e REIGORESEE 01,
drawi ngs af tlﬁrpoklhannlﬁMb&dWFr@ERﬁmﬁwhérelﬂ% éasaboisrlmec plvidedoaudh t he

material 100 of tissue.to be tur as illusfirated he, fi xed bl ades 1114
of the threl lrxe}ge%é%%‘f’%agxfae %‘gebr epirgrce stop {%@Wh%ﬁ@adgﬂax e#iRRead 50A

as- the neegétﬁnéﬁambkssanag%@tmeﬁdl t86 85acknt Ber&spEsdeNletent183A. Tiigs t hread

i ncrenenting accessory 11 is then opérated as hereinafter described to

nove the noWebFBeHOShamixedmay diecstiomsaiting plakeyl 36rispifected hybeaatdchbetween wi th
respect 0# L E‘enfl of ﬁﬂ: sn&géﬂ cﬁ'ﬂ/ﬁ %i%l%&l(ﬂfk%ttgﬁ}gatg IT 84 Bﬂ@t}lf }f%grgsr?gﬂ%% gg er tabs

1118A e correspon her I"ades e bl ades
1113 to enga@fm lbmmmeﬁxﬂbwapﬂﬁehioacbeﬁingfplf% 286 Tims atxtectfomdethe 1113 with

the th d di 112 f t bl
hovs o 411 el R s nt Pl Bbinige &eH8a Rt Mrab i uRtasdif mvenont of

t he novabl eFI‘(QIURES§B7Ja11&58\M éﬂfect FeREibn botHehasd hose U0 W ithgcatd 262 @n t he
advancing arm101 B of the crescent 101 pulls the thread 50A through the

tunnel 100Athgsigtent bt lnsated in thedred wmrpﬁ@wg}q& Ryt 1304 Aseardingly, i n

FI QURES, B0 %Bénﬁl% Alderlt 161 %Tﬁ@ﬁé:pbéinoﬁ Ghd AR i 'cQI'Ehn'aideH% frféasknt fh 15
FIGURE 81, thus formng a loop of desired size in the thread head 50D of

t he t hr ead the clockwise direction responsive to pressing of the trigger 1267 and operation of the
reciprocation input collar 1216, as described above, with respect to FIGURE 55,
since the reciprocating driver 108 is now in the drive position on the drive direction
setting plate 134. This drive position is effected by the bias in the direction mount-to-

25  drive mount spring 1215A (FIGURE 65) which pulls the drive cable 1247, along with
the direction cable 1248 and seats the reciprocating driver 108 in drive configuration
in the case 102 when the drive direction setting plate 134 and the fixed way direction
setting plate 136 are in position as described above, for counterclockwise rotation of
the needle 50.

30 In one mode, the needle 50 is constrained to move in the counterclockwise
direction around the crescent 101, since movable locking of the fixed way direction
setting plate 136 on the case 102 as illustrated in FIGURE 21 bends the respective
leaf tensioning tabs 118 and longer tabs 118A of the driver blades 112 in the driver
108, such that the forwardly-inclining driver blqdes 112B engage the needle 50, as
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50A. Control of this loop is typically effected bythe action of the sliding
hook 50E in FIGJURE 81 or of a hook/unhook device 1000 (illustrated in

FI GURE 98wofo3wbes44 dr awi ngs), as heretofore described. AddipCirarsat/3riet ati ons
of the needle 50 to create additional tunnels 100A in the material 100 can
be effected due to this slack in the 20 thread head 50D of the thread 50A
and in each case the thread increnenting accessory 1101 can be operated as

descri bed a . C i . Re i =S 81- of the
ar i ngs. wnanFps® ifE RAYRRSA B AaKindSh SRR MR B 87201 o
as il 1 ustr athedrivar Blad3dRES aBlextnd d8Rnwardy thrénegh the paallelogmmestepéd ng
accessory 1101, a.syture |oop can b h d jn the thread 50A 25 begin a
suture by e%eé‘rlﬂﬁsﬁﬁﬂlerfgmf"foé?@g%‘gw@f %igﬁlgﬁ}eéié’d' egdireptt %ﬁ‘rgéﬁﬁatl?f‘re t hr ead
head 50D fgmieeci_ uétho@iﬁohmtﬁmaﬁﬁbchﬂﬂcg&wups\gesp&fs%i@rtﬁggel@ehsioﬁﬁa of
illustrated in FIGURE 82. Furthernore, as illustrated in Fl GURE 53 t wo

segnent s> of thedeoneddave gable de4 Lefiectsyatation oéthergptosatingdriver 40% fhemeedis,

entwi ning t [y o ad] Selne ] of the
mat eri al 10%@%(2&?? Jgtg ir%a%te .Seﬁf-‘#gi’iagﬂ? %\‘»1 %lzgr?‘g%}b%vg%q%sﬁggg& g%f ect gfc[i%by first
ti ght eni ng fiked Wiy $@4 arslomdetlying tfixad sdy idirefticBUsREIgDlated 3@ Afidtheicage 102, second

| oop to defjn uar npt_or. e i.pe 0Gin the thre QA by again
| oopi ng ¢ helPRpRrdtEapFBR b RARRIE, TR 2 SosmeudR AR D

i 11 ustrat edcountdrélGtIREs8 direvtioa debiund ditedreddenteldd dontifnesyevith fogwardaaéssory 1101
A can be utilized in the crescent, 101 by nountin he, additi pnal thread 66
0. 03/ 05 PP GRS P e TREA Y G U D S0 e LD EATBH PRt v amc ng
arm | OTA,  aplafel 134sinfiftRGIreed® Ultedtid seftids @REhANSHeIBhb b REg@SSOry 1101 and
the additional thread increnenting accessor 1101A can_then be operated as
descri bed amevipulagng thegditectionppruater k24 oppesigdo Smmosiiionibesirateddnnat eri al 100
and the thregshR%se L SR 6431, R ad
i ncrenmenting ac%gggbﬁﬂ%%%?ﬁgspecP?Ve if%ﬁgﬁP%g?i ?9&?? ?{/%ﬁnxgh%;& knot s
or entw nendindcsiob 86iting phateKitanttheompesite didection ondlse cese i1 02, abdngaviddthen Fl GURES
80-83 of.the draw.ngs.. Referrin ow ta FIGURES 4, 84. 87, and 90C-91 of
the dr a{/a ng%ecipﬁ%cmlflga’é‘ﬁﬂelioﬁCl?ye?%ﬁ%oﬁé’fgllec%révseﬁvcﬁﬁlbié&"ég ?‘9&??@31 ¥y operated
by depr essi Rgefolifee Hedcoibed. THiOsHiRGABeoR diffigeeeostlirdvanbiageslA61l as
illustrated in FIGURE 4 to effect incremental extensiaon and retraction of

the power teaeRiddyinghininedsivenblgdesklefinensess hegredlaal and frcathe t ube 1141,
and move thﬁeeafé%hitﬂéo@oﬁ&@(&é&% ?gir%&hgnrfes\peﬁiiee Rapsiend) ddte  back and

forth on the case 102 wi'th respect to the fixed housing 1120, on the
recei vi ng aremptaratiig daver| 10§ 9nd dhrealtiviedieetiooRestingplate 84 amuad theraase t02ovenent
15 Open?othaesiﬂh&%&di’f(@i@%ﬁié’éﬁ‘gﬁz&%? and the novabl e bl ades 1113 by

r el easi hg

Referring now to FIGURE 81 of the drawings as the needle 50 traverses the
crescent 101 in the counterclockwise direction the thread 50 is pulled through the
tunnel 100A from thé entrance 100B to the exit 100C, as illustrated. In a preferred
embodiment of the invention it is desirable to mount a thread incrementing accessory

25 1101 on at least one end of the crescent 101, typically on the receiving arm 101B, to
create a loop in the thread head 50D of the thread SOA during the suturing operation,
and provide additional slack for another rotation of the needle 50 through the material
100. Furthermore, a sliding hook 50E, also illustrated in FIGURE 81, may be used
to manually position the thread head 50D loop and in the alternative, a hook/unhook

30  device 1000 can be utilized for the same purpose, as illustrated in FIGURE 98 and as
hereinafter further described. Accordingly, with the thread incrementing accessory-
1101 mounted on the receiving arm 101B of the crescent 101, the size of the thread
head 50D loop in the thread 50A is controlled by operation of the thread incrementing

accessory 1101 as hereinafter described.
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pressure on these blades due to rel ease of contact between the actuation
plate 1134 and the tabs 1118, the |onger tabs 1118A of the hi gher novable
bl ades 11w oaneBsthe novabl e bl ades 1113, respectively. TRCI/UsOwsN7s4 by
sliding operation of the actuation plate 1134 fromthe neutral position
illustrated in FIGURE 90A, into the normal range 20 of notion 1144C and
then into the extended range of notion 1144D (FI GURE 90B). Since the

actuation plate s fitt j r I . 1138 for
receiving the ex?{ éﬁeg?%n%%%%ﬁ%ﬁft{%g Spg%lé 8?’1 ’ggg%&%g’g{e}? a lgéiﬁ%ﬁ\g%f t he
hi gher novaéddée §0 hataradeldhdnniabitriveesairtivalghahdhadckeal 1001 tissmedtodbersagrédrese
tabs 1118 and., |l o r.tabs, 1118A extend fromthe vabl e housj 1115

t hr ough cor?%glblﬁtﬁ%g‘ﬁdh%_ﬁe a Siléﬁjé(af@leél?;f?%ﬁl@émmﬂggggTff_%ofynﬂt g novabl e
housi ng 111mitifllyesEHgethe ShresdsWAbs the nebBEs0 palld the txiEAdimbtheRpscat t he
tabs 1118 and the longer tabs 1118A responsive to rearward sliding

movenent of 1@heThathirediinmepeniing apqesaory fil BLRethgp eperateg as hegginafiesr et of or e
described, Hlgbd ﬂfg‘h{)}% t{]ﬁmﬁﬁ: helflsiﬁ%] i;l lgglieﬁﬁtcﬁrcgg g?f%gtﬁ%n%g A4 166

novabl e housing 11 e case 102 ns 1n the normal range
of 30 not i owithIdspertite teciixaddiousing d 1 Y amkbhendtthe @by 1 £)& addomger éabd 11 &8Aact i ng

the power transnmi.ssion tube 1140.in e fl.exi ble tube, 114 sponsive to
depression 8# £ ﬁ‘e’“e%PPP‘i}aé?{‘g%‘Z% V%’rlle Pl:%gessfelégn Qﬁ}fﬁaﬁg%ﬁ%i?l fggtoielnfgf%et rat ed
i ndF1|‘ GURE éfhegﬁgtm&idvgblys,bladepemmdaﬁohxtablf tgle&gecni%methmmbdae sloIAadﬁs ﬁ113

an i xe ades 1114 and renovjn e ades fram act. w th_ that
por t1 onl®f  PHEWIRG é‘é%“é‘dﬁe&‘ﬂggﬁfq Psnstihe MavRRledPuDEs 38ss Wgrated i

PCT/ US02/ 31FfdUuRrBUs4eCshiiued tetbhar@imdemePyaliE toRable hbGsidd 1P 5 witlef f ected by

forcing the actuation plate 1134 forwardly to nove the- novabl e housi ng

1115 f or war &ispeat ¢ thadixed kewsingbi2dionghe adanecipg @R 008 BY thepsescent 19bmuts
transm ssi o 1 J } l.£x] 41..Jhj s action
al fows. the. ounerd 304 hub P HELI 0N bl ¥ bAL Rydo B e sl ©

ext ensi on i filustratbe ireKICEARIES 80 and)88 afid motanwentalli4thDBhe hesifionxdldstasedsiong 1120,
such th t blades 1113 . the fixe | ades e hot '
contact Thg PGRERt L dubefiitendoon Sairbobrizubiha Pigadiat 30d it difed 1114
are then cagggdCofttrolesTyhig @0?1@ tipidatlg @ foft8d Bythe auiedrse e SkieRGVk SUE inhe
power transnm ssion wire 114 and novi n%i)t he novabl e _housi %% 1115 back to

the proxi mafIGeRE §ber ofeadiopisiuahgok devigsel V08 (Hiugtsateh i GHRE PBefths GURE 90C) ,
whi ch_ acti ofraReds. ob RerckbletRRAAN A Ml Ftion Bl tliReedIOBOR cikdlps 1118A

rearwardly and causes opposite rows of these blades to extend inwardly
t owar d eachadstitherra] tumnglad 804 he thermasemial 304 cambie pifiedted due to thie sldclsmahe f r om t he

o the tbvapretstd; o SehErHR s idin drcn G bl QIR o REIGERE O 1TSS
movabl e bl askesssbiyl Bl (dredn bhepératedds Béseebed dibl4é té creanctiiie skabikk.ead 50A and t hen
Referring now to FIGURES 81-83 of the drawings when the thread head 50D
of the thread 50A is formed into a loop as illustrated in FIGURES 81 and 82 using the
thread incrementing accessory 1101, a suture loop can be shaped in the thread 50A to

25  begin a suture by extending the free end of the thread tail 50C around the thread head

50D forwardly of the thread incrementing accessory 1101, as illustrated in FIGURE
82. Furthermore, as illustrated in FIGURE 83, two segments of the material 100 can
be joined together with a suture by entwining the thread 50A, which extends through
adjacent segments of the material 100, as illustrated. This entwinement 50G is

30 effected by first tightening the first loop illustrated in FIGURE 82 and effecting a
second loop to define a square knot or entwinement 50G in the thread SOA by again
looping the thread tail 50C around the thread head 50D.

As further illustrated in FIGURE 89 an additional thread incrementing

accessory 1101A can be utilized in the crescent 101 by mounting the additional thread
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engagi ng the thread 50A wth the novabl e bl ades 1113 and fi xed bl ades 1114
responsive to forward and rearward novenent of the actuation plate 1134 and
t he novawbaslesssd ng 1115, respectively, (FIGURES 90B andre@@so2/sue4 | it at es
extension of the thread head 50D of the thread 50A as illustrated in

FIGURE 82 into a 20 sufficiently large loop to allow additional rotation of
the needle 50 through the material 100, as well as defining and tightening

t he sutures.j . t hr ead i - i I E. .83, %th i xed
bl ades 1114ldr°gerrnté$‘§mé r'ﬁ‘c%elssa"égqgt?nl‘? o te %ﬁlggﬁglr%ﬁg} indg}pl; f%iﬁ{sga%gi :nétog‘u tfﬁlet he
t hr ead. 50A itlmeddiacrgmieingictsshi?BA1 ahd theeadditionabthrdad diieaaitinggcess@gsor y

1101 during is slidi action of the vapl e housi n 115. Wen it is
desired to #L%&antthgnB%P%eé@egﬁﬁg‘?s%?ﬁdt%‘év?R’r"éﬁager‘m’?ghé’ﬁt%li“ﬁﬁizg%essory
1101 wi t houbetuébh theGndth@alt100 @Ad tHeQhvead hiRradtdntak a6dkssdrl €01ldnddhé s pushed
forward (di stalrl'a?() in the access slot 1144A and the narrow ng_ sl ot 1144B,

i |1 ustra? edadditions] thoegd iggremepting,aqeesspey hildAerespeniiyplyetopfagititate tyamzofang
novabl e bl a drdw Y &Y ‘&thé W t hr ead
50A. Furthegﬁ(?t(s)g%l ng o&etnﬁse BOQa%%%iﬁftghg%?iﬁe&%j or \A?égrlﬁnfgl/@g?}%gr essure
on the poweBO83afithwidrawvimgswi re 1140 forces the housing walls 1120D of the
fi xed housing 1120.apart a Lage Sc84,,90B and 91), as
t he access extenélet(;e If%%ovﬁ%ﬁl?ﬁg??gghge%%? tl)ﬁ{ﬂgéoa%t@ef ggﬁﬁegﬁa‘ﬁfléﬁ@elma is
forced i nt othirke inerementindacsts3brylilidd Bs {ylpl @UiRBp&aed bwidepresdhity MOS0 28544
PCT/ US02/ 31764 _ action also for the fixed bl 1114 apart to rel ease
the thr fha 650 6% etsﬁ‘é’ndtslﬁPélﬁdggﬁésr‘E'Hé‘Fﬁtf‘ﬁ’& ﬁ@i@’iéﬁ@eﬁlﬂ%mcrwl _
Ci r cunmst ancggeNdI6H shdaretradibhlof eAlowdn iraAdnikA6H GReNt 40 OxREGAS BR6Yeh thd01 A is
attached to the crescent arm 101 A of the crescent 101 as |IIus%rat ed inb5

FI GURE 89, flpxibledube 11ddapnd meeatheiagupioreplieterld 34 cndtsangvabledpusingdhl he
attached tOB%élJlb‘imﬁéﬂé%gﬂhe%%elﬁ)NﬂhH@ge&‘?&@@%x%@%ﬁ%}), IB%{fH’én addi tional

flexible tu power transm Ssion W re ustrated) to
oper at e bot tectivingtanmeldd Bi as¢Hestratedi in F1GHRESOON-900.1 Dlhie fordratdeowanhatint i onal

thread increnenti ccess 110 i t aneousl y. eferri.ng again to
I Gores! S5 Teedr RS anoep ngladend T ot ok BoRbaavides T B RletnE he doubl o
i nstal | ati oprey@ir&obwiheddBladestfue b eldreokf conbRoketder the adR@foraplate 1USSd to
mani pul ate the thread 50A and facilitate tyin nots or sutures

ol | oo Agnd e beral &dhs oErcnel 68 ke HEGR TOPHOBOINESI 132 660 nhen
by 8 houst ng o a0 Hat e L LA I et b R ooy S R MR 106)
each of whi plateelS# dwas themehmalgositinn didustrgtet i EIGORE, 90w irg b theextosmalsrafigeom t he
front eﬂgi ng Itnggorp Pﬂﬁqu gxdttﬂgnein}ooéxg e%gdécpr%nge of motion 1144D (FIGURE 90B).
Since the actuation plate 1134 is fitted with four parallelogram holes 1138 for
receiving the extending ends of the tabs 1118 and longer tabs 1118A of the higher
movable blades 1112 and the movable blades 1113, and since these tabs 1118 and
longer tabs 1118A extend from the movable housing 1115 through corresponding and
25  aligned clearance holes 1124 in the movable housing 1115, pressure is brought to
bear on the extending ends of the tabs 1118 and the longer tabs 1118A responsive to
rearward sliding movement of the actuation plate 1134 (FIGURE 90C). And, as
heretofore described, this sliding movement of the actuation plate 1134 and the
movable housing 1115 on the case 102 in both directions in the normal range of
30 motion 1144C is accomplished by selectively extending and retracting the power
transmission tube 1140 in the flexible tube 1141 responsive to depression of the
trigger 1261B on the second handle 1261, as illustrated in FIGURE 4. Accordingly,
opening of the respective movable blades 1113 and fixed blades 1114 and removing

these blades from contact with that portion of the thread SOA which lies within the
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auxi liary housing tube 1040A at a housing tube enlarged section 1042,
respectively. Each inner housing tube 1045 al so extends rearwardly from
t he corr ewpoamessgs housi ng tube 1040 and the auxiliary howsirrgpor/siyes 1040A,
respectively, to receive a 20 pair of three-position switch bodies 1058C,
attached to the respective inner housing tubes 1045, as well as a
center-located, three-position switch actuator 1058D, secured to the

: . . . . dth
B 11 ary  RuesrT I A SHB A e lnh 1} 45icbila by R 1R Bfasion
Accor di ngl yplasd 1 1di4rfgrwardliyfio havie die imbvabiehdusingel- 106 Sowandly acthedixed 1058D to

reci procate,the act L i 25 1050 and thus, the gri.p/eject/cyt bl ade
1020" 1 ns; dehp¥ens U FHSURE B i5dna popecr Hegsmi PN vt 180 if Ftpdedieeos. *As
further her gehRriabd eeAr iMedactioh 116w BRAAGvaBIL IRBINEN1Y 15 PP&KndABIRL 1058 i's
attached to the crescent 101 by any conveni ent nmeans, such as screws or

wel di ng, 5i nfathssteigtalipxtepsiop anteithe gxdgndedrnge of motion B LA4 thefixed hevsing mount

poi nt 1058A;i ‘ I i t ' RE 4

b The 30 di-yaoat il thote DD e AR vtad e T BBLRE e T s

t he respect theghreadhhep. Abasiavgbleblesled DU ayid fixied bheslek 1 Livhare khedewised td.000

i ndi vi dual | an it thg oubl e .instal l atti ggh version 1000A, i.s gﬁ&l pul at ed

to receive PHEEFHI aii P‘f‘ d&ve&?m% REVPRY LA SRS ra‘f’ﬂglsﬂ%wuc?pl profile

1018, as il hndmoaingdhd MotdbRRbusi{F?IA1 Shasip ke poxifidl poRtdd rExtw oy in the
tuatjon wire 1050 and the attached

PCT/ US02/ 31764 to. extensjon. of the ac

gri p/ ej &2t/ 85ed brusing lﬂéﬁﬁiwﬁﬁﬁee?,ﬁﬁéfhmgibﬁgd% peoerendingiabadidel y.
Thi's actionagd gRliGSet R8s !I'Pﬁ#?\%ﬁﬂar&fy%ﬁ'c@useégé%s&@r@\ﬁscm&‘é%ﬁa%eétos_egm?nt of
the thread tail 50C, as illustrated’in FlI GUR 102A and 105. In |ike

manner, t heexeabinevapdpkowad sach dber engagote tigad HeA Bndpnll the thread S8dch t hat
second gri pkej . fik a file 1018 for
recei vi ng aﬁgggtﬁn%ﬁ%k%jfapmdg%f ﬁ%gﬁt@hgglz .e%ﬁn’?‘%gﬁé?aﬁgﬁp%?&{t e thread 50A
i nto the | oomekmeknof theangablethionsing 11 Usinrthe edjuencefd fEditdisbOdagisg thhen

typi cal effecte rwar,d, apd ver eratiqgn of_the spective

ook unbokmogar lad¥ b5 A ket T Raimthe M AR BS800A 1 o
tighten theeﬂ%;ﬁ(g{ng(the fiéadrsoR With I MoV dKIaRRA1S 1 5akd fined blhdddstinated in

FI GURE 105. e knot or entw nenment 50G can _be further tightened by

further ext B§RPSIVEdP TMardgand isarwaghmovemensiof thaactrtion plate 1194 apddhedoubl e

installatio [ : : r i h JesarcY T elat
hook/ unhookﬂlg\gﬁlggeﬁl%%?ﬁéé?%ﬁicpﬁgl?’ ?;I?F%S?tdgéé}}d?olzél)dﬁﬁgﬁl%. %{glc%lr di ngly,
it will be abihedueat kwdS0Pmidhethneid $@Asiibustafedin BUREBED82 imdla 15 104- 108

a0y SRR 0, AU Ao SR B b Lo
be material 100, as well as defining and tightening the sutures in the thread SOA, as
illustrated in FIGURE 83. The fixed blades 1114 remain in place on the fixed
housing 1120 to maintain the thread 50A in the guide slot 1126A of the thread
incrementing accessory 1101 during this sliding action of the movable housing 1115.
25  When it is desired to remove the thread SOA from the thread incrementing accessory |
1101 without cutting the thread 50A, the actuation plate 1134 is pushed forward
(distally) in the access slot 1144 A and the narrowing slot 1144B, illustrated in
FIGURE 91, to open the higher movable blades 1112 and movable blades 1113 and
remove these blades from contact with the thread S0A. Further forcing of the
30 actuation plate 1134 forwardly by pressure on the power transmission wire 1140
forces the housing walls 1120D of the fixed housing 1120 apart at the hinge 1121A
(F.IGURES 84, 90B and 91), as the access extension tab 1144, attached to the
activation plate 1134, is forced into the narrowing slot 1144B (FIGURE 91), which
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utilized to mani pul ate various segnents, including the thread tail 50C and
the relief |loop 50B, as well as the head portion 50D of the thread 50A to
create thwoanesses or entw nenents 50G illustrated in Fl BORESILAG6aNnd 106.
This mani pulation is 20 effected by separate slidable novenment of the
respective three-position switch actuator 1058D | ocat ed between the
corresponding pair of parallel three-position swtch bodies 1058C, either

by itself or..i ncert W - Lt ] | €5,1050C, as
1 ust r at easstshal R o it oitet TEFRRR aRe Bt hads ORI 002 o o1

t he dr awi ngthreattintlementiyscesodeld@li pti on that the dual -direction

enbodi nent of th cl.ing suturi.ng and, knot-tyi device of this invention
is characteri zedﬁﬂégrg‘i‘@ﬁglswre%vﬂe?‘? ?“y?dd_ﬂﬂqnla %ﬁﬁﬁ“ﬁ‘&g‘gm&accﬁﬁ‘é‘?ati on, in
that it canibelAlis detstedad the@R&scbnt apAS0N AQTEEE B¥scemt 10Nk M Wkrafe@in r 2pi d,
accurate and conveni ent suturing of incisions and wounds, as well as

sut uri ng’ of FIGYBENS. dhriadditinanl threpd dacrementingacresserid 10ha san baattashethte  The
el ongated t haRSPLSG0BIR 3 gl%tgﬁcok%%‘ana@_léépsxy ﬁga@&iti%%?p%% Be PIASERANt end

to define an extensi on tu% at termnates in a and socket - nbunt ed,
uni ver sal | ypowerdtabingsioanvareal I 0dnetstusttatest) to eprate beth the thegadfincremdntiig h an

arcuate needle tha ra ses..the, crescent in.either i tion, depending
upon t he se??%eﬁfaryoiléa} %’ﬁﬁfbeea t(fné’}‘l&]ﬁ%?giI?Trgrﬁgrglm&nacﬁféovﬁéhg‘ﬁi ssion tube.
The transm sigiubtanéowkly. i S al so nmounted on a cradle, pivoted on a handle, for
both 70, WO 03/ 028544 PCT/ US02/ 31764 1 tabl e and pjvotal nj pul ati on of
the traHdnmi ssi on_ﬁff?syl& %ﬁafwtlﬁéplﬁ_%?&%ﬁogﬁsﬁrwg%{tbﬁgoqﬂﬁmg%eké‘ewgé| y

det ermi ned kGRAid3Re ddite HERASEN vrdise 6002251 B8 h8 & LANOokMVIcRYbES &€ on the
end of the extension tube into a variety of positions by operation of a

| ever | ocat bepdde manipulaiethedhread 5S¢ end facHijate idng pf knnds o wes, esfadlewsube. The

curved 5 negug!iﬁus teflih }ff‘('ibﬁﬁ' ﬁfé{%ﬁé%é{k/mm%' tdaGice tlbﬁo,%lh%ﬁ%\é‘éasegor?é and in
counterclockwi se direction In the crescent using a’system of varlous
nunbers of thealbeblednsallagon sadionl 18684, tsichiracteszedigr densingaubd H#0rapddhe, by

depressjon of .a trigger, lo i dle for,.easy . control of sutures
o hced [ Rk buBs e ABGE (IOURE DR matuoRnERRRGIGET ahamer ng
accessory ChRsushfy tibet®s, Ghichn&tedds Boihthe Rdat @id dfftiee Kheigaiihe 1020QRH ithe ze
creation of a 10 loop in the thread for additional needle rotatjon and to

further factysilizry donsieg fbad04A athepging tubgenirmepdsachen d % sespeqtislyeal | y
with the hetgcylﬂ &%uahgmyeqm%é!é%ﬁ@&&ea%yalg%%m'e%n néifigSeparately

mani pul at ed ‘the operator to articulate the thread into entW nenments,
knots and sheusirgstube1@40eanditbsaxiliaRy hewsinggbe 0 040 GuREECti Gy, 1d Roeivt at he

o o | BEGHSTHAL AL R el BRI RIS,
i |1 ustrat edtubys 1@fSeaewelp anaicatallotabed, Axred-pbitén awiech dctuabdr@ORHS, sk0®rednd
to the actuation wire 1050 extending through the housing tube 1040 and the auxiliary
housing tube 1040A, respectively, as heretofore described. Accordingly, sliding
manipulation of the three-position actuator 1058D to reciprocate the actuation wire
25 1050 and thus, the grip/eject/cut blade 1020 inside the inner housing tube 1045, is
illustrated in FIGURE 102. As further heretofore described, the crescent attachment
mount point 1058 is attached to the crescent 101 by any convenient means, such as
screws or welding, in non-exclusive particular, while the tubular attachment mount
point 1058A is secured to the second handle 1261, illustrated in FIGURE 4 of the
30 drawings.
Referring now to FIGURES 98 and 104-106 of the drawings the respective
inner housing tube 1045 of the hook/unhook device 1000 individually, and in the
double installation version 10004, is manipulated to receive the thread tail 50C of the

thread 50A in the hook open profile 1018, as illustrated in FIGURE 102A, responsive
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109A the unidirectional device A is characterized by an arcuate fixed
way/ case 2, nounted on a socket 775AA and characterized by four,

equal | y- swessm28say/ case bl ade housing bosses 11, provi de@cirrusotgi7eal | s of
the fixed way/case 2 and fitted with 20 several sets of fixed way bl ades
12E. The fixed way bl ades 12E are arranged in an oppositely-di sposed
configuration defining a chevron pattern pointing in the direction of

RCTRIRE G e R S L TR vy ey

bl ades 12E, tierin@ndedsing tube pp4S irespegtireiys phise sctiatcseatds tBe harkeoptey pirafilk | y

provided in ch of the weigh/case in h of the
fixed way bllgﬁgeg) qospmmodatec; g‘&ﬁ?tffglheat?'ﬁ%f?ig?‘rg ?r”“ g’ﬁ?egr“&tﬁqle{@ ncave
contact profi 922 add 169" InIfke dhinyr, ﬁ&%@dﬂagldomnﬁéa@@evs@cﬁooowby round
needl e 50, whi ch concave contact profile 17 extends ;é)wardly to define a

top r ouhdeBaipylaiesl sual thabsaeand anin/ciest/vé blade 1820,alsq defines akeBkoR#d 19A, as

illustrated @.{Jgg% Mﬁhgﬁ, is
provi ded be?}\ﬁ/‘e?%enfdlh C% ? gﬂélggﬁé eacﬁqlﬁ?é Jj(?p I X 'iﬁ{&,ﬁ% I’f)%des 12E
and t he floﬂlreadeOmhmtm&eéboselgdmd@ed msmonzﬁusn‘at«tdw HRIGIIRE vllﬁghi&:tasre 2, for

pur poses wh e|n fter descri di st ances, bet ween t he
respective WW@%SQ %F%\g’é NS G "BosR eeos?e mn -{p’r? reﬁple%é\& %% 2 define
respective 6&cesnode iiete double ilsallagetyasion IIGGOA k@tlglﬁén the kinatoi sutaésor
rmverrent of the res ctl ve. driver bosses aced a art on an

ar cuat el%1 %W@?frt?? ’;j ﬂhgmgo zﬁleéﬁ‘?(’fn%"r%é‘ymgme 0k f3Me a

reci procal g& hitfer & ﬁt bgeﬁﬁﬁer'eﬂtehﬁﬁn bF 38 tBY h6aSEdok dasicdsirdonss
illustrated in FI Glﬁ? and 109A. Each of the driver housi-ng bosses 10

is further tkﬁaioablteemstaébmoweralogém% apth sqMerss-oppraperiofithe gempitiaries 12D whi ch

are harder 02 t t direction of travel
of the needPe@n}@nggﬁgégm é)hgsd oelglgllggggeté(fﬁeﬁﬁige]% 16@0 for driving the
needl e 50 f orwar dkgordingtyyiswitlfve appieriattdviieont e asmsideraiiondrfiRIGHUR BSsfhandi sns

hereina er r crib Iln a erred. odi nent, of the invention
cach of 11 hel WO Ra GRSy ol ddvide ThH i e Beeuhicthupiign o

bl ades 12D vékioA N geoA | whilp R #poftes tdlioSiTasettb okAlnho 6l d&icedd0bo, dah®¥i ded wi th
t he sane chevron shape and contour pattern_ as _the fjxed way bl ades_10 12E

i || ust r at edufilizes temrpipulatmyarions segmumts, inclyding ths Wirsarstail R0Cadithgyreliefl i ¢ wi 1 |
be apprem%g%ofgrma Méhﬁﬁﬁl&ng oFLh@tB%aé@@AE@%a&%ﬁ%&g & S0 is

designed to eat S|nu t aneo ree the driver I ng bosses
10 and in aerttWimrentsfSOmélustvmd maE:I@LHl%SjéOﬂwmdsmﬁg Thiswesipalatihisn t he needl e

50 is ifsert th g il ustrate ngt h of
t hr ead %cé :Jb %eg%‘%%% Shgabqe groge™ ?‘Eteo r%eée(‘i T @6]%3159?%?%@5& e gap
105A, neas Uﬁcﬁtﬂat&e]tOEeBﬂoctdﬁ&i tsdn\aéqaﬂhedompdﬂuﬁng par aﬁphralldh ¢hrpopoditivher e t he

thread is atta to posite.end of the dle 50, .and
sw1t ies 10%?8 by 1Itse1fe rqn concert wit %e three pos1t10n switch

bodies 1050C, as illustrated in FIGURE 108.
It will be appreciated from a consideration of the drawings and the above

25  description that the dual-direction embodiment of the cycling suturing and knot-tying
device of this invention is characterized by great flexibility, utility and ease of
operation, in that it can be quickly and easily positioned by an operator for rapid,
accurate and convenient suturing of incisions and wounds, as well as suturing of
organs and other tissue located inside these incisions. The elongated transmission

30 tube 1200 is tapered at the arcuate crescent end to define an extension tube that
terminates in a ball and socket-mounted, universally rotatable, arcuate crescent of
selected size, fitted with an arcuate needle that traverses the crescent in either
direction, depending upon the setting of a slide switch positioned on the transmission

tube. The transmission tube is also mounted on a cradle, pivoted on a handle, for both
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essentially corresponds to the gap 5 neasured between the respective ends
of the curved advancing arm 2A and receiving arm 2B of the fixed way/case
2. Both tweo3foessed way bl ades 12E and the driver bl ades 12Dramn2beeésecured
in the fixed way/case 20 2 by neans of slots (not illustrated) or the fixed
way bl ades 12E and the driver blades 12D may be nol ded or ot herw se
constructed froma single piece of material that defines each of the

way/ case bl P n S . t i usi 10,

Fespect | vl {oiaRe ARy BRoRE R AR HulbaR A e dintolsEh PEUTEREBIRE A R ¢

mat eri al of cresoest inucirecisel yidetdrmiined loeatitm. VEre dnaantrigellf oaskseatily and t he

way/ case bl ade. 2 ous| n osses 11.may,vary, dependi ng.upgn the needle
mount desi r’é’_&nlgﬁgt%gﬂf‘_ tth g’&‘?ﬁﬁ‘geﬁx@?ﬁl?? g“Bf’Hggiaé’FnE%O P?gflf’rgsg?yg?%%w& t he

l'i ke, whi chof $1eset1bédtb®itithd/haidle) BopeRatingitmd o€ tHetPanisMisBhi thde. Ofhel dupveddl ades
and which offers sufficient blade resiliency to facilitate easy passage of

the needt e BEpdiais duyen selestively b eithey thaslapkagseprromaterslepkmasegtirecdQreins e
t of : L 0g JecE i thedrd vi i 30
movenment o th?e.*&?eseé’rﬁg%@é%égét% ofVE G e sotﬁ?gatd H&ﬁsﬂ%és é&%d{lﬁ%déﬁﬂh@gfesm

Referring again to 9 and 109A of rawm n
appr eci at edharferttharhthe meadl@rbyalepressiow ef a Biggsr loeatedth the hatndle foreasy soayrbbase 2

in the manne illustrated jn Fl 109 such .that, each of the driver

houst g ooty Mt E tifduc] SorlRennbre, SHCot AR ERF Befinhife

count er cl ockasesserydéan@etplaved vh bhe bels@k ehds of thderefdeneid optimizec@sation dflar oughout
cor i not ches 6. Accordin

the length of th respondi.n ly,.it wll 72 WO
03/ 02650 POPPUS /t@rf?%fpr_a gmf’g‘?ltnﬁ. e&ﬁﬁw&t@@lwgﬁ%blg@temwg&ri n the
art that thg %Fruﬁfurﬂfg 1R 1hY&QH, §p1allPithIRSBAS ot On L bR nbakufkbdkn t he

connection mls 9 and additional or fewer way/case blade housing bosses
11 can be pé®yigedahich may be paparaale manipytaged byothe operatos to ar@évlpﬁedb@thrwg

i ncrenment at§ yéﬁﬁ[ﬂ t I b housi ng bosses 10 and the
correspondifrrllg&%&%y catssélagqtg%g&%%gﬁﬁﬂ%gg%gs 11 in the respective notches
6 of the fixed wRyfeoamgo FIGURES H9s] iRihbitthe doiwingsen drpreferreheubodigpeitosses 10
and t he, way/ case hl ade, housi bosses 11 be necessary t.o facilitate
Suturi nb ¢ norine pedisgameat and Ruer i dhucs bt R et A i tastiond] JEVIcs  newy,
dense tissug gehérlly ﬂR@t#iité@b‘?r reTEendy Resdiile ANAS Riskeed ieFIGIIR BRI A0Y et ef or e
better gri pﬁl ngm%f t he needl e 50 by the respective driver_blades 12D 10 in

the driver H gnistirestenal deviee b acehatastepized by ap picuae fixed WR¥EaSEr eci at ed
froma cong,gd&edbh 9@08{;3f HdﬁdBﬁ& a%act&&%@g9m@%r}%l9fsp£&e vl Auldgsqd hat

the respective driver blades 12D and fixe des” 12E are angled in
t he needl e kywisihg tobksss 126progidedhint thawallh of thediked wayérasd 2 gt fitjedowith when t he

espectTve o PURIR X b ter, TRYECF by BlacklRr SR iRRh 1O 11
resi st ance, oppositetnglispessdvnfigurati@ngsfining a tieeroregtiem Sdintingiattse dirddion
flegp :N];Ir gant ofr t?asvlelscgfa arrllca?'c&art]eargeehlgc O,e\?v % s\é\gtg Pn t&lg %xgg aflalyﬁgseffa{sci%rtfleg the
illustrated in FIGURE 109. Four sets of 16 flexible fixed way blades 12E, arranged
in oppositely-disposed sets of 8, are typically provided in each of the weigh/case blade

25  housing bosses 11. Each of the fixed way blades 12E is preferably characterized by
an arcuate concave contact profile 17 for securely engaging the cross-sectionally
round needle 50, which concave contact profile 17 extends upwardly to define a top
rounded end 19 and downwardly to define a bottom rounded end 19A, as illustrated in
FIGURES 109D and 109E. A blade floor clearance 23 is provided between the

30  bottom edges of each of the fixed way blades 12E and the floor of the needle guide
slot 26 of the fixed way/case 2, for purposes which will be hereinafter described. The
distances between the respective way/case blade housing bosses 11 in the fixed
way/case 2 define respective open notches 6 in the needle guide slot 26 to facilitate

movement of the respective driver housing bosses 10, spaced apart on an arcuate
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direction. Referring now to FI GURES 109A-109C, 109F-109H and 1091 of the
drawings in a preferred aspect of this enbodi nent of the invention the
driving nwolvaoessm for 20 the reciprocal driver 8 is characrarsozaedeby a
curved, bevelled rack 48, having a rack access rib 48G fixed to the
connection nmenber 9, typically | ocated beneath the center one of the
driver housing bosses 10. Wen the unidirectional device 1 is assenbled as

L' toe! oneq cbhebhiclmbEr 18 8ARUSBRREAPIP 8t Cls It RRUEWLGMLATK 40

i s designed 0 e rou a cur rack sl ot rovi de
needl e gui des firther Rimstedted MeFIBRITRES 20D avalyl (9as eEdth of ¢hel driveshowsimbdssesFl GURES

109A and 109pD. is faciliit | 1 ows .the rack eth,48 vi.ded on the
bevel | ed raiglﬁé%ﬁrm é‘z%do%? %§%8ﬁﬁ?‘?¥é°’5§lﬁpe% g&’(‘ﬁ‘@@k%ﬁm #on a
bevel | ed pi Rider e thedRédle 80 ahdl hidDirieated n the dileChiffEofltRR/e) of the Aeediéd 56t

preferred enbodi nent of this aspect of(%gg drive mechani smthe bevelled

pi ni on  Yearndiderignsd inengage Bicingedie B) for g Wgaaedle af fmagluthrewghthe 48K
ext endi ng aﬁ%li‘@a&/@é‘se%\kz&ﬁ\}iﬁfm@éﬁéﬁish%%e?éﬂizifﬁe? %ra{e?aes%béd?emtaeﬁfﬁée#r@ai pi ni on
power applied 't I bl e aft 48H,

gear 48A, to recelve _ ( o a flexil pi nion gear s

whi ch ext enambedimsntybt the tryentesack phthefdriogt Iusinghossss 1§ conteims 46, t 0 a
conventi ona [ ! QD{%H- | m. tor ,48B . illustrated in
FI GURE 109A.Lp"gf)de'¥§%r? %E&%P?at%ﬁsgl%@nvené‘%‘%ﬁg\ppgnr%‘%%gnfék’%srcdﬁééb'é?’feeagt‘_]s

i ncr enent at pavidefl wittethb eaed tlesirameshiipel Shdacvtitdun patterh lae thabrfixed wadydlsdeng bosses

10 of t 7 03/ 028544 P /3 ciprocal driver 8, i he

corr espg(ﬁdi iﬁ%@ﬁ@é 1%6@Uﬁétf$§)]§@a&i§€ﬁ 8@1&’8 : .ngg?]c'g“toﬁ‘gnglé’oﬁ\‘f"gm’?ona!

m cronot or disted BRI SédisRleratibh 6 FIGURAENGRthhORe AEcdldIS0 [safekigharal  dri ver
8 can be inplenented in both directions, such that the respective driver

housi ng  boserésimpltanegpskydn sl three pi/ b yiriveropsingtbesses A0 endincalblornpEdeand t he
count ercl oc /%gsegblgﬁerlﬁ)ﬁgihggf)és@s iﬁ%h&?{h%m%gcggso%mga{é&% (aleoéosftﬁ) crse
operation o he convent ona m cr onot or . I's actronTacilitates
movenent of ilhistatad edFESTHRE | 1% Helehgthwer thread t5PAi exédnidy froouertesand loftheni se

di i ih ] din Fl 109 ' dr,i vi ng..of _th
St o8 bl Y2kt e TRh ARPorbERRPRE! E shor i kT Bt
FI GURE 109Chetpairft &hee thb thrbalie bitethed &cthe 4Bpodite ehb of drmeedle S8Cdndon. Rever se

10 increnentati on of the reciprocal drivq:ed'3 8 occurs when the conventi onal
mi cromot or €HEHIAllY cPEEINOBEHIO the e MGSWFEPYIPRLIDE B7PBRIVE GRdY 91dhC of t he

bevel | ed pi gif98) 4RAAciAASAm aR%nk RAtRivid SV 8F Hedke@lwdy/a¥ES. Mith e bevel | ed
rack 48, to return the reciprocal driver 8, but not the needle 50, to the

ori gi nal drfivechyayblailes IO andshhduivar biedee 21 gan besecurtdde thefgd wey/aase anot her
oot B 26yl PGS a4 IYFRE AR LAg ARl i Bty B conkagucd o
12D may be molded or otherwise constructed from a single piece of material that
defines each of the way/case blade housing bosses 11 and the driver housing bosses
10, respectively, as illustrated in FIGURES 109D and 109E. Furthermore, the
material of construction used in the driver housing bosses 10 and the way/case blade
25  housing bosses 11 may vary, depending upon the needle mount desired and may
include a stiff plastic, metal, fiberglass or the like, which is sufficiently strong to
ensure the integrity of the blades and which offers sufficient blade resiliency to
facilitate easy passage of the needle 50 through the respective blades and retarding of
reverse movement of the needle during incrementation of the driving mechanism.
30 Referring again to FIGURES 109 and 109A of the drawings it will be
| appreciated that the reciprocal driver 8 is seated in the fixed way/case 2 in the manner
illustrated in FIGURE 109 such that each of the driver housing bosses 10 is free to

increment in the clockwise and counterclockwise direction with respect to the fixed

way/case 2 throughout the length of the corresponding notches 6. Accordingly, it will
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a flattened rack return segnent 48D, as illustrated in FIGURE 109B to
facilitate automatic return of the reciprocal driver 8 to an original

i ncrenentwog3jpossist i on as the flattened rack return segne®CTASD/BOb64AL €S
into facing relationship with respect to the 20 rack teeth 48L on the
bevel l ed rack 48. This action occurs in the nechanical arrangenent
illustrated in FIGURE 109 |, wherein a return spring 48E extends between

the rack ac ri G ring
rount e 55 AL rfEGed op Hosd R HARE e RREE ek GG HOIRET 19
when t he f| hodsenBHicanrtwokarieéd b the ®ageatioh n@ﬁbe&ﬁmndaddnasnalrmefmkvdyamm 48L
of the beve d,rack 48 a 25.t he r . 48K di sen e the ck teeth
S8L "t hoC beblaff it ot AR b emy e 1o BOlAE  rErC S P aR AP ars o i n
the rack sl picreh@atddion MREFehitRrediectiediVer holiding besséLt0Iard the Pérrddgoridihy and
autonatlcally re increnment the reciprocal driver 8 back intg its origina

dri vi ng osrerisase bladedonping hasentt "bthﬁa%fpﬁ%wle ngtches 6 of thgdixed way/casee. _
i nvention a+ag{dus Hﬁmﬁ%}-%\é?ﬂle d%&e@ﬁ‘&ﬁ b%§ e@%'aﬁ@ﬂ%@%ﬁcﬁéb%xmﬁ‘m ovided in

the bottom of the nee gui de sl et ween opposite respective pairs
of the way/ b@&seSbllmdyebhomsagy t@ofgslb@tqwturas; thir, ﬂqssﬁcméldsuemnﬁhm 110 and

a drive CabLe ﬁn(?zﬁS' nck sm'e\gfls,/ﬁc{e?l fjs%ue 10%31‘8%‘.1196%%0%2 ffﬁtspuere O fhe) @gt ed in

driver 8 behel DI espon river ou5| 0SS as
FI GURES 11050 addtherefisrd battdrBrip ﬁﬁtgh)fdhid veedlediol by thx tespedtion dder tﬂac&:xtIEDded 74

ot ansi B ST o Yo erRBoseD AR By 1 RS e ARPTEiSh A case 2

for slidi ngc&isﬁé%bh'o‘PFIGUREBelOQemﬁﬂd/ﬁ)MQﬁ§dﬁM@g%&h£@he ebpicivél and
receiving one end of a pair of drive cabl es (tyglcally drive cabl es 1247

illustrat eddmwrﬂ:ﬂa@eRE@ gud fned w7y bladeh2Ejarg anglgd jn thypecdlp geide slot 2hds of
these 5 conf [l 60l QS aFe §1§L@%¥1$%Lem§qe2ﬂﬂ§ﬁée%i’e S(quns‘#éne\ﬁ' %g %g%{iat us such

as the reci procation Tnput I'n 1nput section and t he
transm ssi omoverhent o it neadlefSOrbtehmen the tegpcting éldverrbldaleGIJElEﬁﬁ Gxehdap7 to

facilitate l,ectij.ve i,nct tation of ,the rec rocal oth the
P ot B RESO R Bret SETREE A s el aftE Rms Lot E el
needl e 50 ammeetavithhsegrifiddt resiyncatat dcteased vith B fapsliedforcded tiereaadrdy t he

orientation _of the needle 50 in the fixed way/case 2, by manipul ation of
the cabl es #E&HOAsi ve to operation of the drive mechani smin the

transi ssion t UbReAZAG, Ry R KIEIUIRES Y60,LRBVE! Ror- {DIPARL fUB1 of HRQHWRR! Of

the cycling, suturing and knot-tying device of th i nvention
advanci ng ainm prafeokd aspegt efdhisgmbodiment pé&l@u@mtlomémdmﬂugnp@larusm@n at ed

L AR Ry, RBEL P EL AL LR A T 1
const r uct edaakssaity 48 Fikedto the connection member 9, typically located beneath the center
one of the driver housing bosses 10. When the unidirectional device 1 is assembled as
illustrated in FIGURE 109 the rack access rib 48G of the bevelled rack 48 is designed
to extend through a curved rack slot 48C, provided in the needle guide slot 26 of the
25 fixed way/case 2, as illustrated in FIGURES 109A and 109D. This facility allows the
rack teeth 48L provided on the bevelled rack 48 to engage corresponding gear teeth
48K provided on a bevelled pinion gear 48A, as illustrated in FIGURE 109C. Ina
first preferred embodiment of this aspect of the drive mechanism the bevelled pinion
gear 48A is characterized by a continuous set of gear teeth 48K extending around the
30 entire bevelled surface area of the bevelled pinion gear 48A, to receive power applied
to a flexible pinion gear shaft 48H, which extends through a corresponding flexible
housing tube 49 to a conventional drive, such ds a conventional micromotor 48B,
illustrated in FIGURE 109A. Operation of the conventional micromotor 48B effects

incrementation of the bevelled rack 48 and thus, the driver housing bosses 10 of the
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material such as plastic of suitable conposition, designed to receive a
pair of oppositely-disposed, forwardly-angled fixed way bl ades 15GX, as

il lustratw0.03/0b8s44 al t ernate fixed way 15A is inserted or ®eatEsd2sriean
alternate fixed way case 15 such 20 that the | ocking bosses 15B in each end
of the alternate fixed way case 15 engage corresponding |ock notches 15C
inthe alternate fixed way 15A, to prevent sliding of the alternate fixed

15A i .pate. fi - f thi
onbodi ment a0t SPA'E i e OrbBindiR3 fofios Ot o BB Rl BcADS Lo ol {12
way bl ade hobrdentidriakii¢romioltue 48Btigravatseblé,itiie dhoneryeritsifonanfdhé mcipraval ded wi th
2" Sorrespollaeic S bednpeeRied n Rt Rosch b e GrsE s g ppRate - "
narrow bear béges PRy 88 8éledi el miripkatkd MtheAfsRiviienail Yhe @aaltrdlod@dseray

bl ade 15GX is allowed to_ pivot with the respective driver hearing boss
15HX i n 3 hediesiion iy thedioichey Bridnfgrysrd op seversempsratian phie sppyafioralend of t he

fixed way bhadembRIARBOAHACIEioh miln%gh@végent%qtﬁé}?eeamdgqn@i; RLi&at ation of

each of the fixed way blades 15GX in the alternate fixe y 15A1s such
t hat the nebwicllpoourgerglsickwise direstwonfasnllzsirdted in FIGHREal 0B resporsivé toed  way

case 15 in L FeCcti f.1. r i i L s i |llustrated
T curest ol o eI pifi0F gk iatah Sl BERIORIY Sibcipafiehed 1D O

the resist BRGEREOIIO, a0 forwe thd Qevelled raukt48ar inithé seshe diteedon.NREVeEXIRES 112 and
112A. Each of 75 WQ 03/.028544 P USOg/ 31764 tg_@ fixe Waly driver bl ades
15GX ext&ndECrqmERATNg of e TPHBragel AVShE AFTHES yhem HgeonYaBRualimictmaion, shaped

Spring expansB ¥yel@kddeto Mahbe telirebRiéf0GabA aEthebaviiled pinleRdéL 488, as
further illustrated in FI ES 112 and 112A. Furthernore, positioned along

the | engt h &1d thhe thgdiresgion eptiace ehthedeydiedyagk s, orppur theageiprosalgliver t he
fixed 5 i xed wav saring h of which
I Xe Way;c,lbé(u'gg%é R&Zie 36,90 fmg%tq%@@mgggﬁngw r}é&?&ﬁ%ﬁﬁ%ﬁheﬁac 0 e

borders a way spring cav the i xed way spring
menbr anes 18&xribede constructed of a resilient material such as a thin wall

of plastic, to facilitate, fl.atteni of the fixe Spr genbr anes
T5EX b1 her eDyanoled SR angRienf Bt (i astes e iy Riior Bk BB 0H ABRY" 2
l|c;ressure iSarba’Iing %bh tlieﬂcadl@eMd miémﬁfmebémm@pldﬁmggéaimed aw&is&ihtibhcﬁdas %Sth
y novement t needl e 50 in e counterclockw jrection through the
al ternate fﬁﬁé'aer\fagyafggs@ﬂwgmenf ARSI 1T i%ﬁj?%cﬂ) A gl 1 A
Accor di ngl yauthiagH ORRBRE OF tletedbRRASR R of 8 ¥Ph ¥RYinARhrBgeREYARRE ad BleX serve
as shock absorbers and tensioni ng menbers, acting on the respective fixed

way bl ades flatgmgd rack repevsegmentrSIhesateeingotaringelationsbip with ecspesh ke d
oveeniy | okl A0EHL 00 ik 0 BElATiO G RIARR 10 (0
forward di r atdngementritlostratdsl in FAGURE t1he 1, whedreis tarethedspring 48E extends
between the rack access rib 48G of the bevel rack 48 and a fixed return spring mount
48F attached to the bottom of the fixed way/case 2. Accordingly, when the flattened
rack return segment 48D approaches the rack teeth 48L of the bevelled rack 48 and
25  the gear teeth 48K disengage the rack teeth 48L, the bevelled rack 48 is caused to
return to its original position in the rack slot 48C by operation of the bias in the return
spring 48E and automatically re-increment the reciprocal driver 8 back into its
original driving position.
In still another embodiment of this aspect of the invention a pair of curved
30  access extension slots 41 may be provided in the bottom of the needle guide slot 26
between opposite respective pairs of the way/case blade housing bosses 11, as
illustrated in FIGURE 110 and a drive cable extension 40 is provided on each end of

the reciprocal driver 8 beneath a corresponding driver housing boss 10, as illustrated

in FIGURES 110, 110A, and 110B. Each drive cable extension 40 is extended
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FI GURES 112 and 112A. In like manner, as further illustrated in FI GURES 112
and 112A, the alternate driver 7 is configured in generally the sane shape
as the rewompsoesshs driver 8 and is 20 fitted inside the al remnsye3fisked way
case 15 and the alternate fixed way 15A in the alternate unidirectional
device 1B. The alternate driver 7 includes at |east one pair of

opposi tel y-di sposed, forwardly-oriented driver blades 15G each having an

| d d b ‘
enl ar ge {Hr&géh & r%lsg ggnosgnelo%eagicg%eexggggntsfg,@m ¥ verl%h?%argj%gl der

correspondi ng I've hol e inaresilien
15X. Accor dberaath, the fided wey/catsleaorer AndimgdidpositidinXnithe espactide acdesy eﬁwﬂsloﬁf t he

three driver bosses 10,. iJlustrated i 9A. The
opposi te entl® E‘fhe@é‘gge‘iﬁ‘“{%@? GRALIEMVG & bqﬁqg@é %@e °§ﬁ dto
engage the nRRHhed AOFRFURRSS62h&97 bﬂtlﬁ'dﬁﬁﬁ%)ljl%e@Pﬂoshé%ﬁd@Mheskhe driver

bl ades 15G are able to flex forwardly and rearward novenent of the
needl e 50, eRmral saltdesare bipically wopnsstedrtp @éinva@aappw@tqﬁ@wéi #obaresipra®ioand t he

apPosi tel v, AuLaRPISEs bR ARs HOOTSIRIER S Eon 6 EI0N, GREESPONdi g

driver spring cavities to extend 1nto eac
cor r espondi ipstitap edFIGFURES 56 ehd é7 tosfaicdigatd Sélectivagnaerdentation ofithe wi | | be

appreci ated_from cons of FI GU 1 nd. 112A .. that the
mechani sm fﬁerCIHI%ca?flPY%t |IH§ ﬁ’o\b ﬁ@ﬁ[‘wgfi a{"i‘?g‘“m}‘fr é’?k%llsﬁ ggctlfgéa% th respect
to rmverre]ptncﬁfmdnltwlyrul%sﬂltme Iﬁ&dleSS/(Idieurﬁﬁl’feﬁﬁsd Whﬁ’c?m(ﬂlamlcﬁmﬂ’g(?f def fecting
nmovenment o 76 WO 03/028544 PCT/ USO I xed wa ades 15GX in
the fixEY wasemiaghby tegsratatanytt ?\W € rrb@s%ﬁaii W@Ygﬁi?v%ﬁ’%nt of the
needl e 50. in@nﬂﬁfalﬁoﬁ%?ﬁ}%’caﬁleﬁrésﬁc%ﬁ%ttb%ﬁer@ﬁbﬂ@ﬁh@ﬁﬁd@ﬁxe&ﬁﬁlsﬁpﬂl thexed way
bl ades 15GX facilitate nmovenent of the needle 50 in the direction of the

forward di frersmissiomiuben2005er, altgtnative pperator.ever se novenent of the needle in
the direction of gmﬁ HEX . nt force
arrow 15Q as |I I}E;}f% gﬁggﬁn{e f@h&%@fﬁ gslcrl g%g’é%‘gge\n&%%g?r of

angl ed ent r inventiahethe 2dvanaing aah 26 ofmmliccatt wriditdvtiofdhdedicedB ibilhdieathd| der s
15XX, pe t he en e .50 i.nto the. .

oost vi F e | Phatl| A, dtens Sl oo BEANEE TS S amsert i idvidifian 1

FI GURE 112Apladf0fiRe adyRadeagaietouting besseodi rmatis enlitri@ad st Hfesitient r ol 1ing the
swing of the respective fixed way bl ades 156X and the driver blades 15G

i 11 ustrat edmateripl mghesplamczofaﬁﬁaaqle ICOMPPsitiQ, esigrgddr ecehieAraitaft er i aI can be

used and it 1 ¥ Rk ing the
resi st ance clg%a{)??i t of ’t Ee H?%gxé%lg% gggﬁgﬁ&mgegmvesn%mmo the needl e 50.
Fur t her nor egltaangie Exedwap dSA id mmrtng cmfse'céed:im apfaltetmatef ﬁxcédva%cawa% fichdes 15GX
and dri %(f e d&llafa gxgsfoc}cm bosseséq%%tm egcl'}/encf Skhé lﬁema e écp WE}Q caseqS eggeagglee 50, is

facilit
corresponding lock notches 15C in the alternate fixed way 15A, to prevent sliding of

the alternate fixed way 15A in the alternate fixed way case 15. In a preferred aspect
of this embodiment each of the fixed way blades 15GX is seated in a resilient fixed
way blade holder 15XX in the alternate fixed way 15A and is provided with an

25  enlarged fixed way blade bearing boss 15HX on one end, which seats in a
corresponding fixed way bearing hole 15DX, that curves to define a narrow bearing
hole opening or neck 15PX. Accordingly, each fixed way blade 15GX is allowed to
pivot with the respective driver bearing boss 15HX in the bearing hole opening or
neck 15PX as the opposite end of the fixed way blade 15GX contacts the needle 50.

30 The angle of orientation of each of the fixed way blades 15GX in the alternate fixed
way 15A is such that the needle 50 is able to move forwardly in the alternate fixed
way case 15 in the direction of the forward direction arrow 15L as illustrated in
FIGURES 112 and 112A, but cannot move rearwardly in the direction of the
resistance force arrow 15Q, as further illugtrated in FIGURES 112 and 112A. Each of
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In yet another enbodi nent of this aspect of the invention where the
alternate wunidirectional device 1 B and an alternate resilient fixed way
15A i s utwbiosaeeRs4a pair of alternative fixed way bl ades PEEES02/82EH6h havi ng
an alternate fixed way bl ade 20 retention boss 15HHH are nounted in
oppositel y-di sposed relationship in a pair of resilient alternate fixed
way retaining supports 15SS, projecting into the corresponding fixed way

struct ural Viti.es 15000, ( El e r Ve e fixed
way bl ade re e%%ﬁd%ayb&vgégl(ai%ﬁéﬁsg é%‘? ll?%sh%m%g}erbgegggéﬁél\ég)p%@b%rg{g%ié fixed
way bl ades 15FXGhioughlaatgpddspeing oxpaasipn neliefigoil 1SMX deford contattingyhed| ade 25

Fixed iy BFERS T tsgletaied i BRAGR 110 and I EEA Ebbmerions Doiorsd ol | o

al ternate fhxad the¥ngthloER s ﬁhglbgﬂaﬂﬁioﬁ WK bEs 158 0n eacHl@idens i fialdt er nat e
bl ade nmount fl exi bl e connector 5UU that | ends_additional flexibility and

yet residi ety bladss { HeXaare ixpdivey spogmarprangs bEX fgch of whichbetdersg e 15TT
d the fi : i i t
river bl aadsed By Sty | 7S BABTBOHYEReq iy Sl Abbbranb SRS 12 o

the second adristuetad ef alrdsilent MAtedalsuok asro thit gdlliof plastic, ds freilidatadlatteling er

bl ade retai nj upports.15S, that nd i.nto the cor.respendi ng driver
struct ural 82%@‘8@9"3%55?%&“18@%18? ?f%f&fcé{? it eereyeaﬁyql%{]acgpgﬁée nbunt flexible
connector  &frihg chities "OEX] dsi@esstifeus brought tobesr dnl thx chrirdspbiyding fixéewhy | ency,

to the novenent of the 77 WO 03/028544 PCT/ US02/ 31764 alternate fixed way
driver HPadbgdesi3§X waﬁgwevfeotﬁhe peslfn in B eqrRirclgek wisdirertian thaough i n t he

direction ofyetdi@rfaR Mlidva) daSS14 ONthahhi@WatkhidirtBforal Astgéd £. al so
facilitates driver blade resistance to the tendency for rearward novenent

of the needAscor8ihgiy therappdsitebe-dispesediiixed avay spring meubrangs LEEX semaals5Q as

further i1l Eﬁ?&ck%ﬁ?oqb&gaﬁzcggajﬁﬁ]iﬁg %é&gjﬁasgaoﬁ{%%g e?éségét%&ﬁe&‘%&%gadg try

gui des 27 are al'so provi espective alternate fixed
way 15A, foi5@K| thi prgvanhthemeedik 60 Bfdm widesirdbde reaowedrd muyement in2ke dikectibe

al terna fixed way 15A, as illustrated in FIGURE 112C. As further

Y1 st b eaof feeratiee frsf Brow 159 et Bl sepecortrs i emeident of
the invent heswishen ARaHeEH SEREE Rewaril@ireefion Bow15E! aaufhelillvdiatdd iades
156G as wel e 10 alternate fixed way bl ades 15GGG the fixed way

| as th
bl ades 15GXFHAIRERd 1dend ét24| ades 15G are provided with a serrated area

15N to facilitate pdditi SR E B i QfRagenent
with the needl e Eb Re%lllel{ragfdhg nowlil!tl%sﬁl%éle%ﬁ}?iég}[{%g,gqeligtsge,{?lﬁé’?tﬁlc o%gt he

drawi ngs, uddweer 7 is configusedaingeseralhe the samy shdpetas ¢hechecipeacahdrovenBiasdss ( not
B o R AR T O
case 15) t halteinseuriddOctional dovidedlB. yTleh dlteatatd drivied@ includes at least one pair of
oppositely-disposed, forwardly-oriented driver blades 15G, each having an enlarged
driver bearing boss 15H at the base thereof and seated in a corresponding driver
bearing hole 15D in a resilient driver blade holder 15X. Accordingly, a driver blade
25  holder 15X is provided in each of the three driver housing bosses 10, illustrated in
FIGURES 109 and 109A. The opposite end of each of the respective driver blades
15G is shaped to engage the needle 50 as indicated in FIGURES 112 and 112A and
the driver blades 15G are able to flex forwardly and rearwardly with movement of the
needle 50, due to contact with the driver bearing hole opening 15R and the oppositely-
30  disposed driver spring membranes 15E, bordering corresponding driver spring cavities
15F, shaped to extend into each of the corresponding shaped driver relief voids 15M.
Accordingly, it will be appreciated from a consideration of FIGURES 112 and 112A
that the mechanism for facilitating movement of the driver blades 15G with respect to

movement of the needle 50 is the same as the mechanism for effecting movement of
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countercl ockwi se direction fromthe position illustrated in Fl GURES 109 and
111 to the position illustrated in FIGURE 11 | A and through material to be
sut ured 1WO0,03/0m454ch i s positioned in the opening or gap 5PCFIUSURE7609)
spanni ng the advancing 20 arm 2A and the receiving arm 2B of the
unidirectional device 1 A (or the alternate wunidirectional device 1 B, not
illustrated). As the bI ade 50 enters the material 100 as illustrated in

FIGURE 11 | At reci ( he_ .al 0 second
al ternate d@l Y ed'yv,%y % Pié?gr%nlf %’gldn‘g%{y la(?%}é()k?l%gegﬁkiggllhh\eégé%’fmé‘@g

each of thﬁlolvaﬁa&QifltN@ldéﬂie\IS@r Iﬂbumldagasbthﬁi?@edtﬁ/etdh&vﬂilsddsg SG‘lﬁldl‘iB&ﬁectl ve
not ches 6 | to correspandin e blade |ng 0sses
11 (FI GURE @9@8’&? MOReTRFTh A fiey) e%@i‘@mg% Bredirretion ghie leMahoed! o
50 in drivi aﬁe&@h@%m But riard Rivérse RvVBhentldTehHideliend mi&ﬂbﬁmmé
reversed to reverse the re0|§pc()cal driver 8 , or the alternate driver 7,

or the secobladaresistange areis I miﬂ(erm%lstamtlfg@praapéfdl)SChrwllkJétrmé iknent the
reci procal t i @F,p@? trated in
FI GURE 30 1 fld}[\jﬁgcgl%)gnd emg’tggf?‘??% A}’?@ng é}ll %&Zﬂﬁ%hﬁﬁ_hl s action
| eaves t he pewdled onjhe fixed way plodd halders A8XK| taapeqtlaelgdfqr guidinguREend of | A, due
to the forward Sik 1. Qni the res ri.ver. bl ades 12D and fi xed
way. bl ades seBff b lp ulielivint B B PIRGHA Y L w A BEETS 0 “When 1t e
recipr ocal rustegted th KIGURPel 12K ernate driver 7 or the second alternate

driver is re-incremented by the driving mechanisminto driving 78 WO
03/ ozssuh pCT/ LR RAYameee Ghdhoembadipeit e @apapﬁogqoegﬂﬁ}ngdbe SYRBSE N | ver

bl ades 12D {Lpedibefded wsy btah@sdpmﬁéﬁ“athferdntveleblaaésqrsmnﬁs@dwd/ﬁrmm 15G30)
contacting the needle again ?rlp t he needl e and cause the needle 50

to increnentl? @W\Hﬁeﬂ i ﬂilaﬁtﬁucltdlié ade siatgrish can bejesed atldad is therefgrgppresibile o B.  The
I d
reci proca gsr | &L a%egglpﬁ)gnlo?kﬁenbgﬁleqjeglgt (?etc P?K{l tl? e@ﬁ?éﬁqgre@%ﬁon

alternate driver e p05| 111B,

but with thmeveaad|of tlﬁameﬁ:dllletSIOerFui“thermmeratmeblsdpo@u@hutghﬁ eaett efithafixdd0 and
re-enteying th recei arm 0 he unj.di.r ecti.onal vice 1. At this
poi nt , H} W@%glﬁfi gfleé% g?vegb%?%ﬁ?fl?(here%ﬁef Y‘ﬂ&’tlf‘\?aatb‘?r}st}‘@% yhepesdienen agai n
re-i ncremans@ds Fadfl@atbdne position illustrated in FIGJURE 109, where the
driver blades 12D (or the other driver blades descriped 10 above)

contacting the nketansbergghodinend opthinespadad the igpeniion wheretbe Mtel”&ﬁféu nd t he

needl e gui i ated in
FoURE 11 B Eion deflick 16 iR 2108k GBS Rork 84 LT IBRSE iRk & bhiSof

uni di rect i oaltdmativeifixed way bWadehli(EnGGt ha@dxavagAn(aitbﬂna@tﬁ@d@whiaqshant om also
0 PO A Ol RS P B SE 0RO U [ e
109) of t here\sﬂlllledﬂ diesdateofiedd Wievietnidg sugponts 1 5Sherajegtimcinatthe by those
skilled in éor}reesgér}dlrgghgxedtvb]gy sLtIIDulcgulrglecgelltlon?S 00% ié éﬁﬁE 112B). The respective
alternate fixed way blade retention bosses 1SHHH seat the corresponding alternate
fixed way blades 15GGG in place in a corresponding alternate fixed way blade
25  retaining cavity 15VVV, all in the alternate fixed way 15A. The alternate fixed way

blade mounting structure 15TT tapers rearwardly of the parallel alternate fixed way

blade retaining supports 15SSS to define an alternate blade mount flexible connector

15UU that lends additional flexibility and yet resiliency, to the alternate fixed way

blade mounting structure 15TT and the fixed way blades 15 GGG themselves.
30  Similarly, the alternate driver blades 15GG in the resilient driver blade mounting

structure 15T of the second alternate driver 7A can be mounted in corresponding

driver blade retaining supports 158, that extend into the corresponding driver

structural cavities 1500, and taper to define a driver blade mount flexible connector

15U. This mounting structure lends flexibility yet resiliency, to the movement of the
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1 A and 1 B enbodinent of the invention is characterized by flexibility and
sinplicity of use since the driving nechani smdevice can be varied, as

her et of orwodemessubed. In one case, referring again to thecanseesgss the
bevel | ed pi nion gear 48A may operate a 20 curved, bevelled rack 48, to
increment the reciprocal driver 8 in the manner heretofore described and
the bevel | ed pinion gear 48A can be selectively operat ed in forward and
reverse node,to effect rement at i anoth r rrbodl ment
the bevell 8%erﬂ?tﬁ|ﬁ5ﬁg§'8§r‘lnxgiﬁ%(%ﬁqBge}c AR NG t\ﬂn(% F’IOX?IP RedMeack return
segnent 48Dnesties®int the didediontof éelfoARdtd arrecmmtarmmﬂm UDluﬁstrubﬁhré dchlitate

automatic r<f-::v rsal .of the 25 bevellﬁ{g rack 48 by action of the return
spring 48E. TacHitgtes duyrsilade resistangs f ney EF‘i?F‘ES‘?:rQIin’FF\?Et offbs 88dds can

be provi dedsyid !Ee(aﬂ’é&%rd#tﬂe RYRACH f3gcctintohe1 s Furtir iRRERRAH FIGORE
receiving the ends of cables (not illustrated) that péqcyfect to an

i ncrementi nglB.i dipsyy qf@hmme@ngleﬁ@ntry Buides 2 hare disofpoevidediadhe engsofithedesi r ed
i ncrement at r.i g devi ce.
30 Fur t her mspetypalteins KBl waf 3R Y ehldfd e S0 ety bleRUBRARgbip P
t he needl e 3B oft}maitehmtmﬁmadt\e@]ﬁz\ as Viarsireteyd in FIGERE 1 iRM oAb further f i xed

way/ case 2 d the.r IV, drivers i uni di rec nal device 1
A and al terﬁgﬂsg tﬁ&?ﬁ%oﬂépdg\?lp&éqe%ﬁ%c 0?3111 F?‘B%‘fgleg%&{}gﬁovenent of

t he needl e mehﬁbrﬁhéh@&ﬂéleﬁjga@mgtdn@@ofmé a&@thht@ldﬁger HAdEsYSGG, 49 w2 028544
PCT/ U802/31764 retard rearward novenent of the needl e 50 responsive to

r ever selQ ncpléarese Sxpdwappladent> GG pbe fixgd vay iblades 1 S@¥rapd theflivsohlades FI GURES
113-138 of hg L3 mvgtgegl MF@%&%&@J@@H@&%@% dlﬁtﬁlawéeghaqn%u“ ng and

knot -tyi ng device a vice 201 is | ustrate
i ncr enent i ngesperting blade engageniknt with the ngedlep@uat e fi xed way 240 that is

typically snappe nt o an h i a driver
230, for mani puﬁa TR ™ FI%I@}I?E g% lbégdgislle;b? Pt%dpqugéﬁ’ (Egd bl ades
226 or al teelmﬁms«a&lcebwhdeaniafftheslqaéﬁdeahanishle (ﬂimuﬂmsugteamesci{hai abase 210 is
provi ded wth a

t hat s ans the i st ance, betwe e faci nds of
the cas 2167 SRErH taﬁgfﬁww eela Shapva! G oHet Hevihae Zad’g?]ial%A
ext endi ng bgd wye@nerhh@ fixed Ma aé%ﬂ@?t&fne%'l% sonﬁﬁﬁkhaﬁlyﬁﬂweamhlel ustrat ed in
FIGURE 113. Referring to FIGURE 1 drawi ngs the case 210 is fitted

with a pai r comtesglaelerisapigeation digm /e posisiRn Hipsypied 4 E@ERE&A@P. anhild tog a

W der secti C nalﬁij'rﬂl] hegs 21 OF
are di sposeg’%&%g@gﬁ?@% eeg%f;wﬁtﬁhgl&)c NG Pﬁs%&@gﬁ%ﬁ%ugﬁoses of
access, as Wwhiches positadited in thespenibg or g&sS (IFIGURE dtOé)ispanniﬁgMVan)f t he
W s ¢ Nt 38 SR oS R S FIRLAR AL B AToFHR Rk 2107

bounde

_umdlrectlonal device 1B, not illustrated). As the blade 50 enters the material 100 as
illustrated in FIGURE 111A the reciprocal driver 8 (or the alternate driver 7 or
second alternate driver 7A) is incremented inside the needle guide slot 26 with each
of the respective driver housing bosses 10 traversing the respective notches 6 lying

25  adjacent to corresponding way/case blade housing bosses 11 (FIGURE 109A). The
respective driver blades 12D thus engage the needle 50 in driving relationship. At this
point, the driving mechanism is reversed to reverse the reciprocal driver 8 , or the
alternate driver 7, or the second alternate driver 7A, (not illustrated) and re-increment
the reciprocal driver 8 or the other drivers from the position illustrated in FIGURE

30  111A back to the position illustrated in FIGURE 109. This action leaves the needle
50 in the position as illustrated in FIGURE 111A, due to the forward positioning of
the respective driver blades 12D and fixed way blades 12E, that prevent reverse-
rotation of the needle 50. When the reciprocal driver 8 (or the alternate driver 7 or the

second alternate driver 7A) is re-incremented by the driving mechanism into driving
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wal | 210C, with the arcuate | ocking slots 210E extending through the case
floor 210D. As further illustrated in FIGURES 114 and 116 a socket 775 is
att ached wo osloessaase 20 210 opposite the gap 205 and a | efPCTalSezsence
tunnel 775A and a right clearance tunnel 775B are provided in the socket
775 to facilitate entry of a pair of device cables 1247 and direction
cabl es 1248 for control purposes as illustrated in FIGURE 114 and as

further her ﬁio'agf lﬁgtrageeds n IIB%H{E g%g ﬁ{osk a4 r%l (16%1#?5?8%%)% dgg %deZ'?‘Sef the

drawi ngs an ar &ua AR gener a erence
nunmer al  230oathe altamhmdbﬁ/eﬁblpaeerSGG@)mmmnnig the nexdle 5iaggn cgnp\thaar ndedles 230D,

each havi ng driver tab n51 on ver Id at t achnent
groove 230M 8 ‘E)%“&%H‘ed’ﬁe &?fr\?é‘?mi“gtorgﬂ%%gﬁg%ibeﬁﬁmnﬂ aiefvRr  tab

vel d attacthRgr ppl\B?ST}?&QM il @teser 8NadvélDas e RitMAate deiveothe t he pair of
drive cables 1247, ill ustrated in FIGURE 114 and i]lustrated in phantomin

FI GURE 13 7Asecgnd plégmate daverg A aie thesringths positianayusteatedyia FIGHRE (il VB, Bt ver t ab
ext ensi ons @%}ﬁm I tgg i on of
the driver %ﬂol tﬁ%&%ﬁjo%\fta@ﬁr A en%ntﬁég? eg(r&%&s%rg%tlwgnq {(n?%g%sﬁ%t s 210E,
as her ei naf teseivingrarme2B dfthe mnidadctloﬂa} davicsel. sApthis fvanty fhegeciprotal deiser8 ar e

boari g ol ofst e seRRp oS PP oo BE SRBAREMR I S RRIDERN s HuRBIIF
f80 \l:\DdOg{ 0§BK§JARB@UDLX$E&|E|&ie7&ﬂver b??& mm?rtﬁmﬁothaﬂ&fveﬁﬁﬁﬂlisi des&itell of bt ge
or ke ades 2 not us e as rt he rel naf.t er cri bed.
Referri by nBRpveELe m@%ﬂgﬁ%ﬁ& aggIngRASpy ?ﬂ??dgﬁ %fﬂﬁwgfgr% %FPB‘&fg‘?‘E housi ng
220 is furthesad édl&@il&ai@ﬂ thé HiRediv¥tasB 016 theifitiohBbst@ddaR FIGOREeS | ne

pi vot hole slots 220B, each of the latter fitted with a counterbore 220D,

having a coﬂl%ﬁd}’f‘m igppreathes e cowpistesioption Sypughrihe unisifsedenal devdea s of pi vot
hol es 220A, ai, ot
ZSOESar e spac eggé thg%%l %\9\?\[(ﬂhfsterg%é%p?&?d@aégaobﬁrpﬁglrt%ﬁ or @gfgng Wrtﬁgr 5o

respective hmtseualsl(REsthoﬁeetdlthG furthedinbientats apamd (thoneedld guidd slatt26dindi n t he
count erpores 22( as naf escribed.. A pair of 10

downwar ny-%g{?%g(r)f 7 &P %@‘3@@&?@20’;‘5 @FSTC{?@?H V&% he underside of the
housi ng 220 andita¥il beial bﬁl%dlawdtﬂy theeskilgd ithext thshOtsiddefibnalndévices

correspondin hou5| wel d attachnent gr oo s 220K 1&5 GURE 118A), for
recei ving ahtt aRd(B; ‘?ﬁé’%ﬂ“ﬂ%ﬂtr"f&e InYRHHgR i W"é’éﬁ’&z by Slgxibilky. and $ipEhiFiY ed i n

FI GQURE 114 gpgheds B ﬁ{eedMé ﬁl'écl'fa&li’sh{"@évwe%ﬁ bk Vs, a;r H@re{&%{‘é 'd@ﬂ:rlgg(p InS

further characterized by a curved housing inner wal 220L and is
t ermi nat ed bye ¢roeigeloyingrageinXpOIG; drawirfgss theibevelled ugmrag@u 48A nRIyQURES 418  and

ilgAt hAEo ¥ \Pr%cf %E\geqled I;'acll:(I &{R%%ré}% nt 3 re%&)?oc%f dtllvm? 8q£ ?ﬁ/g rﬂgﬁle{‘ nget%rforxer 230

described and the bevelled pinion gear 48A can be selectively operated in forward and
reverse mode to effect the desired incrementation. In another embodiment the
bevelled pinion gear 48A can be provided with a flattened rack return segment 48D
where the gear teeth 48K are not continuous, to facilitate automatic reversal of the

25  bevelled rack 48 by action of the return spring 48E. In yet anothér embodiment the
reciprocal drive operation can be provided with downwardly-extending drive cable
extensions 40 for receiving the ends of cables (not illustrated) that project to an
incrementing driving mechanism (not illustrated) for effecting the desired
incrementation of the driver, causing the needle 50 to traverse the device.

30  Furthermore, the respective blades, which are in all cases harder than the needle 50,
can be mounted in a variety of ways in both the fixed way/case 2 and the respective
drivers in the both unidirectional device 1A and alternate unidirectional device 1B to

facilitate easy movement of the needle 50 in a chosen direction for suturing, and yet
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housi ng 220 are illustrated inserted in the case 210 in functional

rel ati onship, such that the respective pivot holes 220A and extendi ng

pi vot holwogBorss4£20B provi ded in 20 the housing 220, facecapsaz/sizgs bet ween
the inner wall 210B and the outer wall 210C of the case 210. Due to the
presence of the |ocking slots 210E and the wi der sections 210F, it wll be
appreci ated that both the housing 220 and the driver 230 can be inserted

in the case the 30L,
housi ng t abs %36?3\% oﬁﬁgxﬁgkg&?e%@?eggorggdfégl}e\}e?g%'Sé Ellftlﬁroug t he
wi der 25 setteirespsctderiversespectively. Furthernore, the hou5| ng 220 and
Chr oughout & he | BRGTIEAON o IGRICES OLETabobits Kb ieien andlie fRpasment

her ei naf t er ofifis eydigduriRakand knet-tmy deickla@iREd bR abvitd2o Hisamdspdtedt he
arcuate needle 50 is illustrated seated in the respective top face slots

225A of Yhr&s ln%ga@é@gép@r@uafedreﬁéle 503p ap preyats fixpd way 240 gk if tepisally s fitted
with alengiyols lhtﬁ]mcéﬁécasmo 5okl ahoRlingn6dn 9 e ARPERXI mate cent er

of the need e respective top face 5A I n each of the forked
bl ades 225 smaripshktihg daﬂmpiedorbw bip@tssﬁ%eﬁmpbhrims@madcﬂﬁm abitrndve

ext ensi ons ct, from,g3,pky¥ot._ s o secti 258 to an
under | yi ng g]ég ?e%eta egﬁh uts%léﬁgx}tﬂe{n % élse?mﬁle an | el &Oéﬁé%tendi ng
| ever 225D, slﬁﬁsfh]:M&Bb@%ﬂﬂmﬁ@ﬁb@Sﬂd’dmﬁé&seaﬂOuﬁdfsaipﬁdlxniﬂitelyl nsi de one

of each  of the blade ensi s 2 is further cu vedt e a pair of
inner | Ytk BREXIFNSIVO YA iy Beadifos df?gglwndmgwgq ¢ Biiatsd sndi sihe) aqb

ext ensi ons 2zdfe ﬁf 8s maetfratammmﬂzmis NRefefinpad FMGURI] RIS Rhe AGHnd0I Nt S
225F. According 5 it wll be appreciated froma consideration of" FI GURE
see'é d

120 that th#esa s:ﬁtt%mtbralmr o ispared-apas, cupveddecking oe@ 1B, aack her t he

cl ockwi se o e applied
S0 the | everaviEh i Sl MBE afd & Rkl Bection S0, SHRANGIRABGRCH0R 2P

di anmetri cal hrycdmppmslemi oppdsite @hds ofithe lockink slpds 20E, f@ 3 amedofactess, dsock poi nt's

225vag1 E ‘ﬁ %eto drive the needle 50 in a clockw se or
count ertl oc S Gn responsive to increnentation of the housing 10

220 and the drl VAE iIR3Gated N FIGURELN80E the, draslngyﬂferwgen%eiﬁnﬁfeter descri bed.
Referring now to FI GQURES 120 and 121 of the draw ngs, .the housing 220 and

driver 230 ‘éhaéaqqqzﬁéf’}’&?é’am&@tﬁaﬁls%(Métﬂ’uPﬁiPdtWea‘bI%@‘?a}!bZJ(Qﬂ@9@01‘2%), al ong
with the taagf%%qr\%%ﬂﬂl@'a?&ﬁ& 1aaén% §I6R™18E tehﬁfn nﬁ%q%ﬁﬂé(&aééﬂddrlzbﬂébr at ed

in FI GURE 120 ich are rotatab seate Int eco respondi ng pivot hole
sl ots 220B, Asxudhetiiligstrated ipiINGURES lhlélaeé 126 @A0¢ket ﬂﬁ%lsmﬁasheldgo grQase

pocor 51 Vo Ul KRS £0R ABEA e85 BRLISEN ARgIURLRS 220
and the uppE’TSB)a‘etpr@)ﬁdeﬂaﬁhhe)éocké‘t@ 76 a0 Reiithte @beg oP2 paiesf mm cables 1247
and direction cables 1248 for control purposes, as illustrated in FIGURE 114 and as
further hereinafter described. '
Referring to FIGURES 117 and 117A of the drawings an arcuate driver is
25  generally illustrated by reference numeral 230 and includes a pair of downwardly-
extending driver tabs 230D, each having a driver tab extension 230L and a driver tab
weld attachment groove 230M, provided on the driver tab extension 230L. The driver
tab weld attachment grooves 230M are designed to receive one end of the pair of drive
- cables 1247, illustrated in FIGURE 114 and illustrated in phantom in FIGURE 117A,
30 for welding the control cables to the respective driver tab extensions 230L at the weld
beads 230P and controlling incrementation of the driver 230 throughout the length of
the respective locking slots 210E, as hereinafter further described. Three sets of
bearing slots 230A are also provided in the driver 230 and corresponding, oppositely-

disposed bearing slot walls 230G project into the bearing slots 230A for pivotally
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above the respective pivot hole slots 220B to expose the respective bl ade
extensions 225E, for receiving the needle 50 in the top face slots 225A
It will bwofeanedses 20 appreciated froma consi deration of PETEIRER7820 and
121 that the respective inwardly-extending |evers 225D, attached to the
correspondi ng pivot shaft sections 225B, (FIGURE 120) are di sposed beneath
the driver 230 and the housing 220 (FIGURE 121) for purposes which will be

her ei naft furth ' f 2 of th
i i ngs. ¢ nEROUE g (586 eI bEfE R TR B e 08 250’
functional hekibfierddigbednd With the needle 50 located in the top face

| ots 225A of th ked bl a Fl GURE 120

IS:u(r)t ?1erm)re0 theeF’ g e@q%) f@é‘%ﬁéékgwﬁ’{%aﬁgﬁ?ﬁwe PP BeRSingg pi vot
shaft secti les%aéﬁ:ﬁﬂﬁistﬁﬁﬁam ?ik/bﬂﬂﬂeszﬁ@ﬁ @bt &Gl th AekRdpiRbatle déR, 1 Nto

the respective counterbore slots 220E in the housing 220 and project into
the 30 cdrr82Wdreasef the lijtier Bited with ejcagnterberes2203p having erserrgsrionding 230.

Accor di nal y o kel 1o $20BPPE ALY, LS s S0M I AD0N. bRA RSl 220 11

either the ¢ W Se or coun vvlse irection w respect to the
driver 230 B30Brmoumpeibatds@20Dfand cosmterfoatﬂ shote BROR bxerspécedtapart Mu&ntreaiee!d)) causes

t he correspondi |1 of. the counterbore 0 E t orrespondi ng
bear | ng. o oftTer Sgeselipe HEIBTG  THECTE AR 83t s TBkee DBash iPliso2) 91764
cor r espondi fimskgad) ifgheSdodhtessiités THOD, ASheteindfer fAdRer deserited! achaived pi vot

each of the_ levers 225D. This, actiaon causes he corresé%(%ndl ng

di anet r i¢al AQwpHHEabeekteshing hgusingdabs 206 prpisek %lﬂi*ﬁ wndspuge ofithe hopsing | ock
POi NS 225G, e, HRSPGEH BRI AL RHE 2GS HORSnART oL AnE OB a0t N

needl e 50 and facilitates a corfesponding 5 I ncrenentation of t e needl e 50
by corr espoweldrajtachroens geonvas 20K FIGURE hb34), ey recedving aetl whldingrd pasr o230 i n

th t t th
1 ustrar ecdirRR EpEa s, SHERIEISEEISURENT: HFIhBR e Mg 1
230D, ext endesngbeibvu’hmafodkmg 200 sypfacther-chpeacterived By & omhd podsimyinhérewdibt t om of

e ort Lt gand s Rettmar S kot A, 2 e St el 7 BB ES 15%6 Y

proj ecti ng fxomgahe respective driver tabs 230D, are positioned to recei ve
and anchor the drive cables_1247, respectively, for o er ating the driver

230, as further APipsiraied snFIGURESIREand 419 pfithg drasyings the druendsP and fe pai r
of housi ng p&gﬁézﬁﬁ%@ﬁ %léalﬂlsgﬁmmﬁéiéag Ei@ fuh&5shal f%tlz[a E}Hﬁ%ﬁuﬁﬁo the

underside o u5|ng are provide corres on ousing tab
ext ensi ons ﬂﬁﬂﬂlefrmpectefc@mt hglea 320 A aondh extlemrgngps/et hale s}gm 2200 prdvuded: i on

ncr e i nife ORI B s B30t PROYeSR Peciner o7 08,80 b R R AL0G ver
230 and pl V@it thB@asef210hBue to the presence of the locking slots 210E and the wider sections
210F, it will be appfeciated that both the housing 220 and the driver 230 can be
inserted in the case 210, with the driver tabs 230D, driver tab extensions 230L,
housing tabs 220G and housing tab extensions 220J extending through the wider
25  sections 210F, respectively. Furthermore, the housing 220 and driver 230 can then
increment in concert inside the fixed case 210, throughbut the length of the two
locking slots 210E, as further hereinafter described.
Referring now to FIGURE 120 of the drawings the arcuate needle 50 is
illustrated seated in the respective top face slots 225A of three, spaced-apart forked
30 blades 225. The needle 50 is fitted with a length of thread S0A, typically attached to
the approximate center of the needle 50. The respective top face slots 225A in each of
the forked blades 225 are each defined by oppositely-disposed, curved blade
extensions 225E that project from a pivot shaft section 225B, fixed to an underlying

base section 225C that extends to define an inwardly-extending lever 225D, as
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respective forked bl ades 225 to engage a sel ective dianetrically-opposed
set of the outer |lock points 225F and inner |ock points 225G
respect i vwby3/otBh4URE 120), into 20 contact with the needlpeTAGozBdsal | ow

ei ther counterclockwi se or clockw se rotation of the needle 50, as further
herei nafter described. Referring to FIGURES 113, 123 and 124 of the

drawi ngs an arcuate fixed way 240 is illustrated and is term nated by

downver dl - k009 NS RSHTBRLANBH I pladl SdhicHE8, 8 9BARLGNRRGY  dod

bet ween the respecti Ve Segmen corresponds subst%ntl ally
to the gap aéfﬁleamhutdfenmeoﬂkq:ogﬁpzmmd tHewppositegdr outsidE-bMBIRIE tHelldadeA pai r

of mddle se nment s (FI 2 re a|SOl|| trated.in e fixed way
240, whi ch a%ﬁ%’séégg@m “ggbﬁdgi%ﬁ%%?e SFESRRIE Bl lﬂ‘é‘?ﬂ‘a‘ﬁ@%‘? the fixed
way 240, as Ak:béruﬁltgrﬁhev@iula& appfecited din a CUhN@Fatat RGO D @het tAEOVi ded
bet ween the respective end segrrents 240A and the m ddl e segnents 240B as

further B0 Faspecéixe &rkedhblpgd cap he gaieted in eithey s leckwisedd are al so
d-
spaced- apar Eodn?era@@(\in'sé&%ctm 69% a@g ggééb%@ Eﬁmﬁ\e&s%@d]%o&s 698 cat e

with flared conical entry | e segnents 240B
and the endeﬁegmagsmmmﬁtbefresmnw dlemetmaLly-Z:pDosedhetsgﬁunher gcbpoiats 240D ar e

slightly un ized with res e _ne ret t he needl e 50
i n successi ggg(?ﬁ%cf%%rﬁf@ﬁp%%@%?%g thdt ?Pﬁ%ﬁ ge ﬁ?ﬁ e@%%\ﬁl 93/ 028544
PCT/ US02/ 31dl6ékwisespesimteydlodlavikedirdetian espdmve to 1ﬁdterndntau¢m@ftﬁehéusmg ation
after incre tation wth the houmg é\lo and th d iver 230, as

her ei natq er 2¢ad thp deverdspsastiliusiesie ighes hgrein 412 %und

substantial ly t hﬁeﬁmﬂgrﬁ)\z@wm@u&@s ?h0 hkte141 ofaHe M@er?gkoth%%odﬁﬁg DED AkY
arcuate thread sl ot h is narrower than the di aneter of the needle

50 to 5 facfiliyergB aredilasirateshasgpstalied indhaitase 210 (EiGMReE g%ﬁ)deloggdmbetbesz and

the fixed
traverses the ‘%ﬁ]s %%egzgﬁ.r@#ﬁgng ﬁe%@%ﬂé\gbﬁgﬂgx@@ﬁe 1?};{1'@%?% V‘?‘ruct ed of
pl astic andanmytatablymamdmethb correspioning pbtod holeslmhzzmtextehdlngem;bleoﬁ0 is

d d F d
s e e L N e
225 in pl acpgtwaadthe hguddh Fg YEY arﬁﬁ@eﬁhv&%ﬂ taﬁaﬁaigrbnl)t hﬁutéa KReeivayt 240) and
with the vvag? covers 240F of the fixed wa emoved for _brevit Furt her

i |l ustrated tye@fh@eiﬁfd@mrwﬁyiﬁhs@apﬁémofﬁféx@dh? forkedebladss 285 extendor s 225A
bet ween theaﬂuv@qlfex% e%fm DSt ﬁéﬁogfzzbﬁqo G%%Q@%é eéepefcﬁv@ﬁq?@éﬂ@lﬁﬁon%%

Accordi ngly I ustrate 125 t'he need
il lustrat edﬂ&&émtre@bmmgthemqeﬂie S00p thetop fasestoss 22080 of willee fugtherect i ve

S50 8 0 LBk e FRICRER T3S SRR ksl ook P
will be fur Idmrdlﬁ-&ﬁfeﬁ&mgﬂ@drs‘ 225, attachied talthe abirespoading pivot shaﬂ sections
225B, (FIGURE 120) are disposed beneath the driver 230 and the housing 220
(FIGURE 121) for purposes which will be hereinafter further described.
Referring now to FIGURES 120 and 122 of the drawings the housing 220 is
25  positioned with the adjacent driver 230 in functional relationship and with the needle
50 located in the top face slots 225A of the forked blades 225, as detailed in FIGURE
120. Furthermore, the respective levers 225D extend from the corresponding pivot
shaft sections 225B and base sections 225C of each forked blade 225, into the
respective counterbore slots 220E in the housing 220 and project into the
30  corresponding, adjacent bearing slots 230A of the driver 230. Accordingly, it will be
appreciated that shifting of the housing 220 in either the clockwise or
counterclockwise direction with respect to the driver 230 by manipulation of a

suitable operator (not illustrated) causes the corresponding wall of the counterbore

slots 220E and the corresponding bearing slot wall 230G, projecting into the

82



FI GURE 125 that the fixed way 240 typically snaps onto the case 210 by a
suitable tab and slot conbination (not illustrated) and covers both the
housi ng 280 oaneBsuhe 20 driver 230, allow ng pivoting acti exTafSozawk of the
forked bl ades 225 responsive to operation of the respective drive cables
1247, as illustrated in FIGURE 114 and hereinafter described. Referring
again to FIGURES 1, 64, 65, 66, 77, 78 and 114 of the draw ngs, the

(i ; _ : . : | tend
from fixed DurBoSlns BhrhesioAR0AT HRGRE,SEh okt 4h bBI Bk of X" 550,
and housi nglavets 226t disd aution 22345 theesprespiondial Wi anhdtri cally Foptposededeesasfalne e

tunnels 775A and 775B i he ,.socket 77 illustrated in Fl 114.
ot he. < oRWEL fo5% Boinis Apsling e Kk 03750 iy Ui TR g W g

typi cal |y extemgordst8EdH chhifietititl miedRad0l andFiRfatksahOrrbépdngingi on  gui de cone
1238 (FI GURE 64) and through the transm ssion tube 1200 to the 30

reci pr ocht i B¥remgatation s the needie G0y Formgepoaringdperenentatiomeidhe housing 220
respecti vel yng milahyat 538t dhd gqpﬁéi%ﬁ:ciio&fa R HRAIMURMGEr dditrifdaat poi nt the
drive cables 1247 are typically connecteg to the reciprocation input
collar 1216 and Asifgtfer ilhBeZtedec REGWRES 134, 1éramddR23 of thtefrawinige thewdrtvier

respect to 41-55 of the draw n Th . .03/.028544
T US02) 31,785 20 e toxvanty SR g Erelionpie BoRee B of e
di recti on adtivat260 tHrddgh thepeukirigidots 2a$0E esthe iched 10 (FIGURE[144) artt oriehtedRES 65,

66, 77 and 78.0f the drawi ngs..|n operation, e of, the forked bl ades 225
of the For k@&hﬁfl%t&%e WE@%%@@HV@FF ngipay 23 W, iprojgdingdrory tedespsai ye

confi gurat i @hvdrRats!28BEark2RsitibhédBFeded and anbhdtihe divscaBlek QDked bl ade 225
with the needl e 50 extended through the top face slot 225A, defined by the

opposi t el y- tfiseestizeld, for aperating e drigers 3 sfurthercipsfratefl ip FIGRIRE 114. Ina
SR _ ; . e
opposi tely ghﬁﬂ?ﬁﬁ GEth3 pRir ogg@fasgnéstg@zm Q;Etté%cﬁgggomaﬂ@gﬁ%? ek points

225G are no touching the n si nce ever each forked
bl ade 225 i sttacbteyietb the widetsédt ofith¢ heusbeat20rage ptovided 3Gtk wirespomdihg ver 230

' tafi f ot ing_ 10, 220. .Referri t o Fl GURES
1o ank 12t R eRPamigeD] 18 Frist et ifbonBatar BRL MRt od i 1 ¢ he
cl ockwi se didbestli2an (FIGITRB1 e4). bihetdi@chidroedbids S48 hietiispos&d Rk ifkfenadntiags 250B

to contact diagonal I¥ or dianetrically-opposed sets _of the quter |ock
poi nts 225Fthgkqusing 270 wath respedt to Hherfase 2Hbd the Anyere383nd givoeeaf ®es0. Thi s

15 contact jesp&hilesdrt Rh@R22%4é Qn%a@? ﬁgélﬁai%@ dismEREAl-O8bortd ddher fer ked

bl ade 225 by " clockw se rotation o e housing 220 i'n the direction of the
cl ockwi se houteti Ingit deintseX25F ané guleelack painitoR 547, respectBELY, (FIGURELRO) ante

roveTEnl f s LS ST ATAIN 08 ol SRR
the needle 50, as further hereinafter described.
Referring to FIGURES 113, 123 and 124 of the drawings an arcuate fixed way
240 is illustrated and is terminated by downwardly-extending end segments 240A,
with a gap or opening provided between the respective end segments 240A that
25  corresponds substantially to the gap 205 and the needle gap 105A illustrated in
FIGURE 113. A pair of middle segments 240B (FIGURE 124) are also illustrated in
the fixed way 240, which middle segments 240B do not extend below the plane of the
fixed way 240, as illustrated in FIGURE 124. Curved notches 240C are provided
between the respective end segments 240A and the middle segments 240B as further
30 indicated in FIGURE 124 and guide grooves 240D are also spaced-apart in the fixed
way 240, which guide grooves 240D communicate with flared conical entry guides
240G located in the middle segments 240B and the end segments 240A of the fixed
way 240. The guide grooves 240D are slightly undersized with respect to the needle

50 to retain the needle 50 in successive incremented positions during return of the
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Accordi ngly, contact between the edge of the counterbore slot 220E in the
housi ng 20 220 and the | ever 225D pivots the |ever 225D in the cl ockw se

di rect i orwpDr3m2ssadri ng  action, as indicated by the cl ockwcyaSbt/ates ar r ow
rotation 250B, since the extending end of the |ever 225B engages the
bearing slot wall 230G in the bearing slot 230A (illustrated in phantomin
FI GURE 126A) of the driver 230. Consequently, the needle 50 is nowin
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respective [ocking slots Eint to I ncrénent t
220, the drbrewity. E@@qm@ﬂm@dm@wwcﬁﬂylngmﬁaeé&matedmthckw@eeslptsect| on

around the fi wa 4 here escrl ely, other
drive nec ha%??ssﬁget%eén é’gq%? S\fi"ﬁfé’&lof‘% o?lftg%fesgec W f%ﬁ\l‘tﬂiglaﬁouisz:éng 220 and/ or
the driver 2A3€ordingbl, uslfurhebitivstratger FIGURE $25 thdineedit 50 ieiklubtediabdreeddr i ves
and rack_ and piniop driv gnents, .in_non- i cular, as

i |1 ust .r}ﬁ edmatﬁﬂt(ﬁ’egﬁ? ?1{5*@525‘%[3?% r\?%HchYstogl?Pgdﬁ‘i“f?é#& %‘it}‘(p%“ fiventi on.
Referring ngywdsPortdi sédz&t@trlgclé-gﬁﬁts(ﬁ%f’ f&ﬁd ﬁ{n%Wlo@E PoMRIBISG 6fi th Ut ances

where it is desired to increment and drive the needle 50 in the clockw se
di rection afasingdladecexteangions 3ANE. 24 o/ill bp durghes epnienieted Somcpennsideration i se

|0 STt o R SR Eh SRR mgEte e, S Bty 1
rotate in ttab and (slmrntmnhllnamﬂn/\ﬁnseﬂhisuraed)l and covers boud thié hastrigR20ahd the
ST e T KNI METE MRS o T IS
count er cl ockpdraonsfube fegpedtivy efivd\epibsa 28Dl R N @ratd iR PIGERE 114 and
hereinafter described. '
Referring again to FIGURES 1, 64, 65, 66, 77, 78 and 114 of the drawings, the
respective drive cables 1247 and direction cables 1248 typically extend from fixed
25  attachment to the corresponding driver tab extensions 230L and housing tab
extensions 220J, respectively, through the clearance tunnels 775A and 775B in the
socket 775, as illustrated in FIGURE 114. From the socket 775, the drive cables 1247
and direction cables 1248 typically extend through the joint ball 780 and the transition
guide cone 1238 (FIGURE 64) and through the transmission tube 1200 to the
30 reciprocation input collar 1216 and the direction actuator 1214, respectively,
illustrated in FIGURE 1 of the drawings. At that point the drive cables 1247 are
typically connected to the reciprocation input collar 1216 and trigger 1267 mechanism
as heretofore described with respect to FIGURES 41-55 of the drawings. The
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(FIGURE 128). This action causes the desired rotation of the forked bl ades
225 to 20 effect engagenent of diagonally or dianetrically-opposed sets of
t he respewDis@sswt er | ock points 225F and inner | ock poi mCcI/iZayA76n t he
correspondi ng bl ade extensions 225E in the forked bl ades 225, with the
softer needle 50, as illustrated. Accordingly, these needl e-engagi ng outer
| ock points 225F and inner |ock points 225G are positioned to effect

cl ockwi se rg | grooves
240D of ¢ he SFeansd w12 PEPRBLY ateel Rkl o o L P Y e
housi ng 220anddbctibe \ditlll vespec ROFIGUURB® 68766, 7H ahéh @8 df theciravoingof t he cl ockwi se
housi ng/ needl e rotati on arro S I n e.ca e .caun cl ockw se
rotation of the?%%%?ﬂ‘f tLions gng ¢ tﬁ%?@?‘ﬁ@ c%erq ég&ﬁ&@é‘eﬂ‘fgk agﬁéi ‘153758{ he initial
rotation of (RIGURHOUS SRR Med T @éuft@p&orﬁ@nfaﬁwmmqmlzh%omequsl ockw se
rotation_ of the forked 30 bl ades 225 t he position illustrated in FI GURE

128, is 1ypilluirpigs afqrked blade32s Wéh&edw?ﬁ#@ S8rextended thepugh thetop daresiatl es 1248
with fi ngerz@f&%ﬁ%g%ggfa{et §P§&1§bﬁ os@aw)ﬁafaueseﬂanﬁsﬁyﬁs@r Ac%&;h & ,g%@d on the

transm ssi on tube g ustr ed in FIGURE 1 and as
her ei naf t er oppsitelyhbispos&l sets cnfg)utﬂr lodkeporrge a2 ﬁﬁilahcrrigclv\lehtStZIaéGhmmmg 220

d dri f b
031 0znsaa bl SRl s Balks et FAD BLakhIbRe Rayfo® k35E5E, Y 201 ©

usi ng the ttitggein thie bbairigsiot R36A, ofttiee drivet L80Esporishe tb@@thﬁdilﬂ@fahe housingout
col | ar 16, as further illustrated in FIGURE 1. Referring. now to FlI GURES
1, 54-5 1?( - 126A, 127 and 129-133 of the draw ngs under circunstances

where the needl eReferrify A REFIGISRES RS £dnd 127 BEhe dFRHAEEhE kR blages
direction according to the rocedure illustrated in FIGQURES 126A and 127,

the forked Blagre cagehmotasedipt ¢§lopkwrs¢ dirgqfiop dedieqteshythgictaskwise plade to a
material 1 r o the
gap 205 and%g%t}e @ﬁ%?ggﬁoﬁgﬁg\@ﬂ%}%&ll%ﬂt& Chly #%g?cpgfﬁée@ﬁ}elggwgf 50, as
i |1 ustr at edlock ppinBREF12@. thdinaer lhdupomg 2220 Wl$h thesnftemmeedleet dtisi n t he
O B, LS AR A ATEED Do B o B bR MR T 100
(FI GURE 1), clbékvwigt tdt@tdnyofMhe/Bdusipe220ah lq&scal&bﬁ&esftaaadclawishaomfg/ﬂ@wrati on
illustrated in FIGURE 129. This @54?1' tioning of the forked bl ades 225

engages t heneqdissoEtion qEowi 2% F Bailifare ByeRer of thedevardeRDpp therdiresher and

i nner | ock Btcﬁ)cl%%égbléﬁ'etr&aﬁé}?m{’&#%@ ?ﬂcﬁﬁ{]@'%&i) BedirhiBy r espect to
FI GURE 126A and facilitates rotation 15 of the housi’ng 220 and the driver

230, al ong Apcdrdmﬁls' nerdelit beBien ithe adge of thewaretediotrslol POEdn thedrousingal ong t he
nggt Qr%(ﬁ ocgg(m) se/ %8‘%%%1%%? *n&éir%/t%%%g reﬁ?gt 1%1!(41%(?}15%13%1%%&%@6%[} ?nna C% 130.
The housi ngadidf, asniddidated ey thik3ockivesd Hlade arsomercsaibn 2501 siatd the bytesding ng
end of the lever 225B éngages the bearing slot wall 230G in the bearing slot 230A
(illustrated in phantom in FIGURE 126A) of the driver 230. Consequently, the needle
50 is now in positibn for counterclockwise rotation in concert with the housing 220
25  and the driver 230 in the direction of the counterclockwise housing/driver/needle
rotation arrow 250C.
| Movement of the housing 220 initially in the clockwise direction as indicated
by the clockwise housing/driver/needle rotation arrow 250A to seat the forked blades
225 against the needle 50 is effected by tensioning the two direction cables 1248,
30 illustrated in FIGURE 114, by operation of suitable direction actuator 1214 apparatus
such as that illustrated in FIGURE 1 of the drawings, as heretofore described.
Furthermore, subsequent rotation of the housing 220 and the driver 230 together in the
counterclockwise direction to carry the needle 50 in the same direction as illustrated

in the counterclockwise housing/driver/needle rotation arrow 250C, is effected by
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action, as in the trigger 1267 and reciprocation collar 1216 conbi nation
descri bed 20 above, (FIGQURES 1 and 54-58), back to the position illustrated
i n Fl GUREWD29/0285keavi ng the needle 50 in place, as ill ustrardaso2/rst her
rotation of the needle 50 in the fixed way 240 is illustrated in Fl GURE
131, where the needle 250 continues to penetrate the material 100 with the
thread 50A following, as the thread 50A traverses the thread sl ot 240E

defined by the.. over s OF im.-the fi ) ihued . 25.

sequent i al f%ﬁ‘ﬁ%%?%{‘ﬁwé}wgﬁﬁe F%Oe&%%eu%ﬁbfﬁea)ig%xg%ag(f%ethg?ﬁ%éer? %Z%iﬁerfswné oncert,
tﬁoi cally ayOIopgmatdﬁQer 230. t”m?s édrt]ibgmyp' dlibﬁﬂ)?iriiﬁ\atgdlby bp?m;jcsfah@nzz gbe 1200,
effects continued  rqtation o e, heedl e around the fixe A as
illustrat edr?CFPrP‘Fa@RES’“iS‘QIT%HaIé Juditriggen ipeq Sf‘hlr@gdds@d us]‘t@FV\é%dW ng through
t he openi ngrIGUREE, AR §lovad thd COr&spBAAIRE dRVer Ak 30804b8s e lendth bt théist r at ed.
Accordingly, the needle 50 has the capability of 30 encireling its own
traili ngg | efrgpective ledkingdots 8 0K i1 haicede 4] Oatednerempnt they hoysing 2205 thealrivey de

variety of j f j.al ﬁﬁf&r. it h
respect to E?%@E@@f%&%%Hﬁglgxo%i?&?ﬁgﬁg}sg\%gﬁ%@ag oC t\i/l\npggec?g atg?%mr?gof t he
needl e 50 i hefetodorkidesdibedy ARdfhatieely,nither drivy methanidnedmby be povided pondi ng

count ercl ockwi se.i ncr tin t he housi.n 0.and.then,. cl ockwi se 87 WO
03/ 028544 PEINGEH Wit §F b @é%ﬂfn‘gf’rﬁ’ﬁgnﬁ .ngw[j'gigrggq?aéltg?gr 5 Y%0r 230 to
facilitate udiedtdrRRibld &blddiedaaditack ahdpinfort dieveddoaponbs iflhoekdl@ive as

illustrated in FI GURE 128A of the draw ngs.. Furthernore, in both_ clockw se
and couh? er BRIGEWH, 88 1lfustratedand desgribrd e yasioys embedimegts of this Hwgntien. 5o

rotates into therpRsiid Ay id FREGRES §95 hiti PSR Awihfy BAGk-handl ing 5

devices such as the thread increnenting accessory 1101, illustrated in
FI GURE 40A eircunhstangeaiwhergst ie desitsd torineranesnt and diiee the seedla 50 imtbieused - t o

i ncrenment t A f i i 0. FI GURE
40A. Referr Pﬁﬁﬁﬂégvﬁﬁgégpé{ﬁ%gﬁéﬁi%n\ggﬁ%%fgfe érﬁge%# ag\?\np%%u?egﬁggwlg? native
confi gur at i orerefientdtnfibustactdih FHEERERS 26/Al andt 12d taad describédhliive 120 i S
provided_in the .10 sinple. farke |.ad 26. .The-si e forked bl ade 226
i ncl udeg5 anT§VArEd as@ifg%zg%ﬁ éﬁﬁghﬁd% ?eirzarﬁl“ﬁﬁg%%gﬂ tg){?t@{?dp upwar dl y
froma | evegowdd&Blodlwisd aibdtidn QisithE dirbdtRE & f HRCdouRRdId dkwistiAadtotalign OUt er
bl ade 226E and i nner blade | ock points 226B on. the inner bladée 226D, as

i |1 ustrat edarraw PR by pgrresperding Wifiad coyrperclogkwise potatipn of the BousagdA0nps
direction aspi.ci ' : i OBin 15"
FI GURE 135 glsdsﬁgtjfgtﬁ g?%r@’ﬁ{eegtg?‘?ﬁ% mf”g‘g'?}la?’? g‘t?%"rsegfé%h{tagg? g’fﬁé‘?%éﬁ t he
respective (HGAHIHAPY)y -Thpyestien cowsestheldesitkd rbtatian pHibatferked®Blades22Sitoner bl ade

ok oM R0t SRS o Ry B BISEL S SRR Sk,
the outer DbioaResindBBMindlintet $¢koirdt9223@ on the corresponding blade extensions
225E in the forked blades 225, with the softer needle 50, as illustrated. Accordingly,
these needle-engaging outer lock points 225F and inner lock points 225G are
positioned to effect clockwise rotation of the needle 50 (FIGURE 128A) in the guide
25  grooves 240D of the fixed way 240 (FIGURE 123) upon corresponding rotation of the
housing 220 and the driver 230 in concert in the direction of the clockwise
housing/needle rotation arrow 250A. As in the case of the counterclockwise rotation
of the needle 50 illustrated in FIGURES 126A and 127, the initial rotation of the
housing 220 to effect corresponding the opposite clockwise rotation of the forked
30  blades 225 to the position illustrated in FIGURE 128, is typically effected by
tensioning of the two direction cables 1248 with finger pressure exerted on the
direction actuator 1214 located on the transmission tube 1200, as illustrated in
FIGURE 1 and as further hereinafter described. Driving of the needle 50 along with

the housing 220 and driver 230 in concert in the clockwise direction is effected by
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material of construction of the needle 50 is such that contact between the
respective 20 outer blade | ock points 226A and i nner bl ade | ock points 226B
wi t h t he wofideessmeedl e 50 causes inpressions 226C and bumrcI/iBass1760 be
shaped, formed or cut in the surface of the needle 50. These burrs 226F
facilitate a better grip of the respective inner blades 226D and outer

bl ades 226E on the needle 50, as further illustrated in FIGUJRE 135. As in

L, S A e AR i B T
typicall yd ﬁfcfmmebyclp?ieﬁtam inputafollath 2 161 asg%;ﬁhemﬁuétmm@mHGUSREahg wge
1200 1 |1 Ust r at ed R TR IGUIES O P ddr Loed 22 Rt AR SERet ne

invention agradlifgnuhdks M@ubisaﬂees&meré fhe nlebd18 50 ifosd maelﬁbﬁelﬁﬁﬁhé% 138 and
is fitted with a |lever 225D, to which is attached a E:l vot shaft section

225B, updn Mclpgkwgﬁvwoaaﬁ%gdmswﬂ@m%éw llévsamedpa IQUREPA 264ne of
whi ch bl ad th
I ch bl ade, tté c}%%éég?h%d@ de 'cE %m‘ 189H1Tt1§fl}égg%ﬁor%sg'vﬂhﬁeﬁgéﬁoaz{ﬂat%nglheo er

of whi ch is i nner poi nts 2. ' Int case 0
enbodi nent s IO(D tost sufitred] sadiothet tht: matemal 00 progctspoiorthe g@PBIS andcheedingnap | ock

ol at; onshi S0Eh FIERRET gk S b ASeMERE o5 anmalbe ) PR EGRR, X E0° ¢
the needl e Bh6usiignpods tHea nfldrmidntwm tﬂé@lobk\;vdé E\thcgtg)nczfs iflinserateduis FKGURE20 and
In CO cert in er Ccl OCKW

s hor W of GHeA JBRERBIBLmSRBHEHRE f SRR S brrclokhen egranTDBaAMLES6A of

the draw ng$200 (FIGURE t)eto 1§1tﬁn9F>%t teorkel Bladed22 IRShE BorHfgutdtdnf or ked
bl ades 225 l(‘ias wel |l as ‘the si e forked blades 226 and the alternative

forked bl addbstated IITEJ&URE 4225 This pasigenipp ohthedprked ladapdf engagesithe t he
driving dir - M0l e

needl egdurl ﬁ%ﬁércg'? ﬁ?%}m %Hg-oﬁgh%?%ﬁ[e%ﬁfﬁgﬂ %j??s\:?er 9&8&1{%&;&0 glitg%zé@ as

i | 1 ustrat edwith therhe@IRE 0148 dlasdribed mmre:*.pebtctaIP]I@iUcRﬁplﬁﬁAnglddhmhtatdsaoﬂatlpm nts
225F angd_inn ock 1 sent the fac of t he needl e 50
fo i 11 r o i ping 2 aiddhe g8 v Oafl AP ich PherGo Rl Rfie o noeal o

i ncrenent at b@ﬁhtdrﬁoa&vae@dllrébueﬁ@tbngaﬁeel,engm dfﬁfdtsioloélﬁﬂ% E‘l@fsQIDEM:seS and drive
the needle 50 onward _in the fixe In contro t he Egosme sl opes

of each | ocHRlusated Yﬁﬁ%@n@WkWﬁ?moﬁé‘ééﬂdﬁvﬁféWﬁ]@éﬁ@HPn arevdPdpdted at a

shal | ow ang e Teand e ign
feature 15 Fg}mp g?e?@%%ﬁ%& of th%fvgﬁ%e(f&egﬁc}ﬁl rg?érﬁdsw?%ghgﬁ% 6A) and

i nner | ock padiont & in AxGiBeEemid62 28@)ccinreeation cola 13216@0@b1r1ahen é@pﬂb@ﬁe of the
i ver 330" HsbS ELCTRER, e PP Rafl ot BRI MatcdtOED RIBEAQENR TP 5%
the art thaleating tHeatcedld S0lingmceles iildmtrafed. Further rotation of the needle 50 in the
fixed way 240 is illustrated in FIGURE 131, where the needle 250 continues to
penetrate the material 100 with the thread 50A following, as the thread 50A traverses
the thread slot 240E defined by the way covers 240F in the fixed way 240. Continued
25  sequential incrementation of the housing 220 and the driver 230 in concert, typically
by operation of the trigger 1267 in the transmission tube 1200, effects continued
rotation of the needle around the fixed way 240 as illustrated in FIGURES 132 and
133, with the thread S0A following through the opening in the material 100 created by
the needle 50, as illustrated. Accordingly, the needle 50 has the capability of
30  encircling its own trailing length of thread 50A to quickly and efficiently suture a
wide variety of knots in any type of material 100.
As described above with respect to FIGURES 128 and 128A of the drawings
clockwise rotation of the needle 50 in the fixed way 240 is initially effected by

corresponding counterclockwise incrementing of the housing 220 and then, clockwise
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this invention facilitates a sinple and efficient apparatus for
increnmenting the needle 20 50 in either the counterclockw se or clockw se
di recti orwpasjpessgd ve to the operation of an operator suchpPaz/ushy31764
transm ssion tube 1200 illustrated in FIGURE 1 and as described above.
Furthernore, various forked bl ade designs are possible as described above,
for engaging variously designed outer |ock points and inner |ock points to

effect eith t | ockw o) i j . i . edle in
The 1 xed | TovERURiqHdie RGNeB0 aha MM 250 LGr BRI B BAGRE cateflg

drawi ngs a S@hutharcldckivise direttiuhe adidivstcated inSFIGRTRE 428 A of theusawiaged by
reference nuneral 300 and | ncl udes,a neraJ ly tubular- s ed f.i xed
Copport fr abarhdmora huh slotbuit 5rd faliatipbyibe intmtne S AR Skede 500 100,
fitted w thaghbink@le SORRMAES inkd MEPoLiALATLRARed 34 PIGORED36 thtddRBaddihe A
central 30 post 313Cis upward standing fromthe | ower fixed sug%g frame

t ubul ar Por f¢\aees sgalows the threasyiperismenting secessonr Kl0ds Blustaaiedindt] .t hat

i ncludes th - St i f ; TR ReN aspaced
apar t by novone SPAAHES oA dr @€ ARHTE A pdiiincieRbhetRtingiiSoas 0oc2
mat eri al gaps B@8ofme gesonibetbwithdispest b FIGUWREf 40ded segnents 310A and 310C in

order to receiveyapd.sutur i 00 03/ 028544 PCT/ 1JS02/ 31764
(illustrated in EF%‘E%@%%% %@ﬁ%@??}%dsg%n%%gﬁag 1%@?6@%1 g‘(’ﬁ t he

tubul ar f or kedigubdtiot @ f deMbked 30es 235 Hasteitedint IGURKE 1 befs pewided Inade The gap
edges 305B and_ 305C . define the material gap 305, the materjal. _gap 305
cor r espthds Slgg’éee%df‘?ﬁil tﬁ?‘jet?@@t h-é‘e SW?I_&? ﬁorg?d g‘ﬁge ﬁ?eéwaﬁ‘ﬂﬁ%%‘ 1%?&?#%%& cuat e
needl e 50, aﬁwata%ladéizsst,éﬁ&ﬁﬂnsgfﬂ%&arE iR a 14 27418 aR@RsViSs 88et YPI Cal | y
has sharp needl e Em nts 341A and 341B a includes a | ength of thread 50A,

n
typi cal | y ekliadaldickgointoidtthen tewuter blade 286% andinnet bladg logk peintsHa@Bwasy | it
i1l b Y - i Nt . b
Shar p_on ondean 42k AoAERaldaS hlcBrdilly Hijoddpr dLIEy 428G g N P

t echni ques &locduwise dirédtioaas dididatedyi the thoekwist bladd estattor oo 250B s where it
is desifed a, tupul ar, fork A devi ce .300 f sutur.ing in one
noedl e For af TOHRE 135 Sbieiior Yarepbefdafibict EPRaF it senthe e B 130- 141
of the drawgiagenafigchppasddictitdr dldd¥ 1ddk poit&REP¥A 44dinner Blasciobk poimaUR6BI xed

gui de way 312 is shaped in each of the upward- standing fixed segnents

310A, 3108 ¥iHh termredieai0. dpaerefemy emiodimerfiof tpinyeriion the relative axigstent
Ceament o 310A BT R e B e ecedi e 50
in place imateniel ofidestouctioniof thomeedia 60 s such duht gontaies batwees 1k regpestiveeed| e 50
ibs fur tﬂ?r o&%i brl%(?é lgglgpci)irﬁts%%ktaina rllmile? b}alag lcgciksp%?n% b%’ﬁ) %Iv%thftilé( goqieg Hti:e e V&Y 312
y nmeans of “a spring ‘ _
50 causes impressions 226C and burrs 226F to be shaped, formed or cut in the surface
of the needle 50. These burrs 226F facilitate a better grip of the respective inner
blades 226D and outer blades 226E on the needle 50, as further illustrated in FIGURE
135. As in the case of the forked blade 225 embodiment illustrated with respect to
25  FIGURES 127-133 of the drawings, incrementation of the needle 50 is typically
effected by operation of the trigger mechanism 1267 and the corresponding
reciprocating input collar 1216 in the transmission tube 1200 illustrated in FIGURE 1.
In another preferred embodiment of the invention an alternative blade 227 is
illustrated in FIGURES 136-138 and is fitted with a lever 225D, to which is attached a
30 pivot shaft section 225B, upon which is mounted oppositely-disposed blade posts
227A, one of which blade posts 227 A has a pair of outer lock points 225F and the
other of which is fitted with inner lock points 225G. As in the case of the
embodiments illustrated above, the outer lock points 225F and inner lock points 225G

are designed to engage the needle 50 in diametrically-opposed relationship and effect
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pressure pad assenbly 314, nore particularly illustrated in FI GURES 142
-144. The 20 spring pressure pad assenbly 314 is further characterized by
an arcuatwogpnessgs base 314G having a spring base rai sedpcirmssidties or
seating in a correspondi ng shallow recess 313E, provided in the arcuate
top section 313D of the fixed support frame 310. Munting springs 314D,
314E and 314F (FI GURE 142) extend upwardly in spaced- .apart relationship

Wi th respec ot t
T s SRS b Ly AL B8 430 M AU S ke
respectivel 920 aﬁkl:merddlvaxglx),mlcbnmﬂ 1h tlirecoapferdockatisdlorf dadkwasecdirestiokgraat i on of

FI GURES 139, an he drawi ngs that the spring conical entrance
gui des 314 Peig 5‘”5 %ﬁ‘f’é’ﬁ way segments 318A, 318B and 318C, provided on

the spring-mount R@f&ﬁh@&g&ﬂm@‘l@ﬁ@@um r195 BAd $26 8 bf the dBA#iBe MOwBIIHEC,
respectively, are disposed oppasite the_ di scontinuous fixed 30 gui de way

312 prov? deaPIPrﬁCI%tﬁ@ﬂ@éFheé@ﬁgﬂd’if H frrked bladetbntes Wil apthe smpis faH@dslpc
Since the needkeRhiisndARERRA thiked BGIETEN) lcidhhie s segPhiuials i xed

gui de way 312 ‘an e correspon ng way segnents 318C of
the spring pe%l#siﬁmtpadriviagsi?anﬁiqn, sdtaminiel reaowtiré applidatiomaf forcei ongtie i n

position for O;degree rotation. ar oy r portjon .of the, fixed
support frane?agi(amrgsr ﬁ"e Et%a usm escrldb&nd'erggd)%cfg %5%4ﬂ5€‘ia/t?9§(92/31764
?I?gg erring ag‘gﬂ}ldeEq 2EAGthREngb39ca111ﬁ£bppésu?g1eutd:r lamléI ggmts?zzgmdﬂ (ﬁ%rietl hﬁlé gg Sé egbl y
is ovi de ubu ap ower l.e.tube portjon avi ng
an open%l PRI St RrCsenhiodbE SR 0! orRtaiB g ive doferastepepr Bheteneng
through t hemwakdcedthe Hh-scudn%(eedrb ctkndngiRnRO bbb A3 CasktoFeisit ant i al

alignment with the fixed support frame 5 rotational sl ot 332D. A niddle

t ube post 3m@§tf@rﬁ%an¢piva'ﬁdh§/n¢qdlﬂﬁ(kwa@@w hgdixedvay 2R [rosestrohithidl e t ube

portion 320 tted
with a pair spacg%to;ffgr #gglélvﬁagﬁg gqt%k&%ﬁ%&?f%@%gem %8“{‘1
receive cor amsmahdwragglpmdtnesqucbtoatﬂesxlr%em thecheB8HOB0. Thsplesigh fedtyre The

| ower ddl.e. i 320C of th 1.ddl e assenbly.320 is designed
to T 1o cERubHeTRERg o e SRatioPh eomir Bt i A2 BRENE 1ooMtb ot o
portion 31022 5@ krid926B), |r63{d%&1\'ieﬂ)_y ro%ﬁhesﬁ@ace@fthemetemé 5exiigHdlt Mbemgithe  as
illustrated in FI GURE 139. As further jllustrated in FI GJRES 139 and 140.

of the drawnsegle 3 rrmwasdlyyhen therousing220\and 5 Vel 439 TavereRdireciPive spur

tubular portion #32tag Bﬁehﬁa&d%%ﬁ@é&tskilféﬁhﬁ the dri¥BhidRe fdiRed QUGS deviddre tube
portion 320C of the niddle tube assenbly 320 (FIGURE 15 139). A drive spur

hol e 332B | thipimyentipada¢ilitatdse simple and effineent apparatus fqrenosgmntmgbhn mgedlepor t i on

332 and t rLRYan nd
Tnto tRD any B Slehind s E A bR BB  fo BoBerdi G o
franme r ot at amnp‘dratoshmh a8 8i20rankmissjourtpies RO0Vbustiated ih IFIGERET endaf t er
descri bed. . égsml'l ede abovleJ bHurita}E 8rset various forked blade designs are possible as described

above, for engaging variously designed outer lock points and inner lock points to

effect either counterclockwise or clockwise incrementation of the needle in the fixed
25  way of the device.

Referring to FIGURES 139-156 of the drawings a tubular forked blade device
is generally illustrated by reference numeral 300 and includes a generally tubular-
shaped fixed support frame 310 having a lower fixed support frame tubular portion
310D, fitted with a fixed support frame rotational slot 332D (FIGURE 140). A central

30 post 313C is upward standing from the lower fixed support frame tubular portion
310D and terminates in an arcuate top section 313D, that includes three upward-
standing fixed segments 310A, 310B and 310C, spaced apart by notches 311A and
311B, as further illustrated in FIGURE 140. A material gap 305 is provided adjacent
the fixed segments 310A and 31 OQ in order to receive and suture material 100
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330F extends upwardly fromthe | ower drive spur tubular portion 332 and
termnates 20 in an extension nmount 330AB, shaped to define a first

| ever age wwtoangssen 330A and a second | everage extension P8WR|S0ype6ed apart
Wi th respect to each other. Referring again to FI GURES 139- 141 of the

drawi ngs under circunstances where the tubular forked bl ade device 300iis
assenbled as illustrated in FIGURES 139 and 141 a spring pressure pad

assenbly 314 t e

corr espondi HURARHRIIERES U 40 RepBRRER dRen PRI B® e
respecti ve blade dgvioolon, eshdreinafiérdnrtbardesazibad nThe gametige8108 arBiBKBCand 314C
on the fixe upport fr 0 ((Fl GURE .139) .. Thi s arrange ilitates
capturing tﬂg?rﬁgtgap@teg@?gq? ﬁ@é%%@?%%%’é@%ﬁoﬁﬁ%{%gﬁ %?8 13 Xlt‘a&eway 312
in ..ie fiyedhoeaabde2iPR058405 aotatsheddlasy ak furteeillesmedtd ve way
segrrents 318A, 30 318B an 318C shaped in the corres ondi n %§§ - nount ed

frictions anBIGERE; 40ndhe psgsle 30 Rlcagilll!@ $REp needle pevints élA ssure
pad assenbl e tu%?élgpﬁéﬁthéﬁd S@Att%lca é)&@t%h%ﬁ@h‘ﬁh@@é&ﬁ&'tﬁergwﬂe way 321,

| ocated in housi ngs™ 320A and 20B on the upper mddle tube
portion BZOABlS(rEtbleHEWQW) it withhe ppm’f:@atﬁéb}’éhﬂﬁ@ahﬂiﬁdun e artileatithemaedieon t he

needl e 50 i V(%eseln%iegl tne hgéaﬁie ﬁfaclge%ig QEG dO[%{(l])Slypen%%{ 028544

sl i
PCT/ US02/ 313% | sc | nuous gw e di'scenti nuous
novabl e gui ctehmyesaéhbwmcto tiioae slhlledatnethapn tundatmmmnstfanees stheghit isfdesieéd onal

resista eto ro nment, af . th needl e 50,.durin eration of the
L onu oL o ks S lae Rk v 06 300 reBrindn ane neclls o CBRc R

However, thgpgpring pressure pad assenbl y 314 facilitates 5 acceptance of
needl es 50 having a variabl e di aneter. ther illustrated in Fl GURES

139, 140, 141 an Sf@@lqzﬂhlssﬁtetiﬁbl’mlé&ﬁdég lﬂwéﬂtﬂ@a\!@gs@mm%wmw are

pi votally i i i d are
each char aglt3 tet?[lyggd] 48 &%%&@Hg%{%g%ﬁ?u ﬁ%%%?&gglza ive é%Cﬁ%gtehgl

transver sel ytamdtmgﬁv@i scgmentsSd D4, 500B mid/Dk0Chfom secgBiuy letn@ie@ﬁ@ﬂ) axl aaﬁldedlo
downwardly from respe vel

correspondi ?’F&meﬁi 30%%%562 Eﬁgﬁﬁ%sals&m&v@?d@% ?%Rff ﬁf‘?’ue short
Iends 352C amgn&ﬁ&mo(«notom hxth&IOG;tré@)e?tbfer, ﬁﬁtmimmt@&wsﬂe@dlé eﬂ iepidse of the
evers 354C and 3 respecti or in er r angi ng
undercut le ‘3‘%&9&‘ tdisgongwgus tvl?‘f‘ég%%é?}”% I&i’ ‘*HgdS%l‘ﬁ rﬁl@ Tmovabl e
segnent oveﬁﬁaﬁl@ané’dll% oaarﬁen%il%% dlslaént'irﬁl'iﬂ@ﬁkbd/gﬁlble w<a§ ;magy hRaRestd speinpl ade
housi ngs 320A and 320B of the m ddle tube assenbly 320. The pivot Dbearing

hol es 322C pusssuB2pad gsprsebly Bl hynergtpedicutedlybestialed| ip FIGHRESpH3vil #edThar t he
t4 f hl 320A
BT R P U

314G, having a spring base raised rim 314H for seating in a correspondlng shallow

recess 313E, provided in the arcuate top section 313D of the fixed support frame 310.
Mounting. springs 314D, 314E and 314F (FIGURE 142) extend upwardly in spaced-

apart relationship with respect to each other from the spring base 314G and carry

25  spring-mounted friction and retaining pads 314A, 314B and 314C, respectively.
Accordingly, it will be appreciated from a consideration of FIGURES 139 and 144 of
the drawings that the spring conical entrance guides 314 I and adjacent way segments
318A, 318B and 318C, provided on the spring-mounted friction and retaining pads
314A, 314B and 314C, respectively, ére disposed opposite the discontinuous fixed

30 guide way 312 provided in the corresponding fixed segments 310A, 310B and 310C.
Since the needle 50 is designed to increment in the discontinuous fixed guide way 312
and the corresponding way segments 318A, 318B and 318C of the spring pressure pad
assembly 314, the needle 50 is maintained in position for 360-degree rotation around

the upper portion of the fixed support frame 310, as hereinafter described.
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respectively. In a preferred enbodi nent the pivot bearing holes 322C and
322D are 20 each provided with ranps 322E and 322F (not il lustrated)
respect i Wweby3/oess44 aci |l itate acconmodation of the respect PCE/USOIVBLI6PI NS
352A and 352B, for inserting the respective blades 350A and 350B into the
correspondi ng pivot bearing holes 322C and 322D, respectively, while
assenbling the blades in the correspondi ng bl ade housings 320A and 320B.
Accordi ngly, when the respective bl ades 350A and 350B 25 are. assenpled in
t he correspondi nl}ef@hmkag}am}@iﬁi@ml%?nw(é‘?ébe g’fawt‘%’é Wﬂi&?eem?%%erggg'senbl y
320 they ar i ' 1506 RRIIEEBOPSHiBE 320 AhviRk BS 0p&2A and
352B, respeg%(?{\%&?{’/{]&%dyﬁ?%&@%ggﬁn FIGURE 146 (with respectgto he bl ade
350A), sucintératand heniddie hézpotatipna) skit 382G 5w 0jeinmigearghike wakbef ties0 and

al l ows rotational, ement o e needl.e i '

di scont i nuoﬁ@”%g‘ygg”\%ﬁlﬂo&ém/@% s gﬁan\kﬁégﬁ een%%t&&ﬂ%@%%?ﬁ@g%@gﬁaﬁeoned
per pendi gul aftatidhal 16t 332DV A wiigdletubicsnExdd ext&flls upwandly fdinutbe tdp ¢dge ofipper

m ddl e tube portion 320AB of th '(ejlgée t ube ass%nbl 32(@ {;iowe er, when
the bl ade 38BAover pidgi tabe PW‘@PS%&: FOURS S URe i“rl?BgrcIE{ I BOSPHER; row in
FI GURE 146, 3&6(}‘2? e6laesw Rt a biie oPLRE&I- AR blad SRMisinge 330 2 and SPUB, eiegigaed fohe

needle 50 an acilitate i ncrenentation of the needle 50 in.a driving

direction arteikicpmespending pivotine brdep¥iam 30 sapectively. Thedoweed! e 50
past the bl ade..350A in.t ' | ' rgekipaddi|rmtf ur t her
descri bed. fnﬁ&gﬁgﬁ’ﬁ rOHborne gr?;fcggﬁée%g%(ﬁ%ﬁn%%abo btl}ﬁzzq?\%r% I on ‘tlhe'

di scont imuodsncenmicalby msigitieloway fig&llsupperdidmerfubiier poméon, 2IBasand 320E,
respectively, as,well as .in the facging insjd l. espective bl ade
housi ngs 328 0‘5%”3‘9%9@,8‘05" 1%%?#;%‘{?’@@?5“’5&&“%%8 iléggcﬁpli{%lo%'s fixed guide
way 312 in the fiaxgeraemmahted3d BAGURBSOBIand 130 6 healravipgow idedspar t h

coni cal entrance guides 312L to,  guide the needl e ip its rotation around
the respect P¥@ispraddedwitspdguersiys Sﬁﬂ‘dmg‘ﬂﬁBp‘?rﬁo’P ﬁig’ﬁbﬁp Coﬂfe&lg'llcélh?'ube ’

portion 3204R W 330¢esk the aiBdE fub3 HoRmbY 9B MGURE OC of
the arcuate 6%@%%:%6%9%?%% O As further illustrated ilﬁ}lFl GURES 141, 148

and 14916f t1B®). ok duivergsir ppledBRRds prorvideian thespalbed the layadeye SBEAMRY 3508 on
the respect b\él%o I3}§»g%1f1$ :a?chtaie%% %%% %ﬁ%?ds.thﬂ?)ugﬂ &e%fv%%?ﬁqﬂ)q‘é sepphRathousi ng

320A and 32 provisio angr ed wal I's 334A, 334B,
334C and 3342 aliphed indédle tube trdtetiorat plot 33 2@ andbthe fixed SGHOC framraro8®oml whi ch

are undercut in_the corresponding..first .| everage,extensi o d 15
second | evelsh’@é:”@’tf@ﬁg‘i‘rﬁﬂse\%?g’g’h ‘gﬂ]tl?ﬁsheé?fl%% idS%n;?Séngn é’?ﬂfggﬁ%?d%lp ﬁ% drive
spur 330 (BhERESHdADwWARyY 8 the TheaairBRepumngbulal parioi BBambieaninntes of t he
respective levers 354C and 354D of the bl ades 350A and 350B, rgﬁ%gctl vely,

to faci POt atiwan extersian meurd338ABaghaped tadetineaditet ISyrrage X tSIONd ddges
bordering t @gco%ﬁ rlév%?a%@ %gtieﬂﬂon 330B, spaced apart with respect to each other.
Referring again to FIGURES 139-141 of the drawings under circumstances
where the tubular forked blade device 300 is assembled as illustrated in FIGURES
139 and 141 a spring pressure pad assembly 314 is mounted on the arcuate top section
25 313D, with the corresponding fixed segment 310A, 310B and 310C, respectively,
facing the respective spring-mounted friction and retaining pads 314A, 314B and
314C on the fixed support frame 310 (FIGURE 139). This arrangement facilitates
capturing the needle 50 in the opposing discontinuous fixed guide way 312 in .ae
fixed segments 310A, 310B and 310C and in the respective way segments 318A,
30  318B and 318C, shaped in the corresponding spring-mounted friction and retaining
pads 314A, 314B and 314C of the spring pressure pad assembly 314, as well as in the
discontinuous movable guide way 321, located in the tube blade housirgs 320A and
320B on the upper middle tube portion 320AB (FIGURE 140). In apreferred

embodiment of the invention the needle 50 is slightly oversized-with respect to the
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sl ots 350C and 350D of the correspondi ng bl ades 350A and 350B. 20 Referring
now to FI GURE 147 of the drawings in an alternative bl ade design, the

bl ades 35®0A0aeBs360B (not illustrated) are each charact er ipeadiSoy3i7ever s
354C and 354D (not illustrated) respectively, that termnate at one end in
the cavities 330C and 330D in the respective first |everage extensi on 330A
and second | everage extension 330B, respectively, of the drive spur 330,

as descri bed. ab F ES . ' . he

b1 ades. 350LsoEaal hre ey By ST g aRlon HiFORBOIIE BiBPHE BT o
bl ade 350A facilitateapplidaioh lo€a alight ditictiomlMebistansetgretational wervement RO of t he
illustrated bl ad ousi ng 320A.. Furiherpmare, .each of e pivot i ns 352A
and 352B (nB’Fe‘ﬁq f(bg't“?‘ﬁ%atwﬁﬁglﬁl{?é'gﬂgﬁfﬁ%alﬂfetd%ﬁ?gh@ﬁs EgafteS pondi ng

pi vot beari pgtRpH&cABAL M&kEFRENd dphingdiiebstrrad GERinbly b Lsfatidikfe) and one or
nore 30 discs 351A (FI GJRE 147) and 1B (not illustrated) are press-fitted

or wel de¥l oAcaeR@ncexfinerdlens0 brdas pvaniable ¢iamsieet i ve pivot pins 352A and 352B
(not illustrat ‘ed)qsgﬁlrgy?msﬁfrateégq@mﬂhﬁs%%&ﬁ@)wéﬁl{glg@so tht'§labiigd) .- to

facilitate nmountin pective bl ades 350A an on the
cor r espondi tig Hdded 856 asd 366B a(ivetallly B20Bed i cdrespor@idng/ e dSliaedgs 4

PCT/ US02/ 31 t cessity.of providi corJs-espondi ra 22E and
552k 1t e iAS RO AR e sl naR RSP SRISHERAIASHY, Rl %
i Imljuz trated d?sﬁgrﬁ_ﬂ@blﬁﬁgsvkﬁﬁly ré&elveathd nddile ﬁ@.f Pﬂvﬁt pinads21yand BISZ?]B extedderred
enmbodi mept this apd ot her e i of the invention the arcuate
need| engQ) igow‘?bw?lidﬁ Qim\ﬁf‘? vers nggtaﬂng%‘ﬁ%mﬂ@&aﬁm Oglr&’eo?o“ﬁé%f’rndtnrge center

thereof, byplad&s PoAVAd OB Ina R LRYSIiBEREBhe WHrEéhds3550aREd539 define a
shal |l ow cavity 340F at the bottom end and an upper shallow cavity 340J at

d
t he opposi t &ayppstratedbproiest Gom thagotted ends phthedevess 3HGRES4D51 and 152. The
t hread 50A | k- e\ ' ‘ E at the
anchored or }%ﬂ%dgggﬁh?géﬁ%ﬁ%nﬁg%, &g@g&gﬁg}i&?ﬁq%ﬁé ‘é'ﬁtaﬁﬁg'i RES 10 151
and 152. Thespeotizelycprarried itnthestmpbR4ePmeantdvsdoognddZly asd 3 2EB40E i s concave
in configuratian to match the internal. ¢ tur the needl e, eye 340B
when' £k PVt Be Febpietin blpde o By B uaaBp A KeBielE S48 F 2o
upper shal | eswemBMi 320. 3He biwt bedrliy Hodedi2eCaind 332D (Bot iﬂaafaltal? ﬁ‘@hb’otivteiy@ t hr ead
head end 340C essentjally fills the_ shallow cavity 340F of the needl e eye

340B to predemovifed inhetsgpestixe flperniBenagd 2528 of fhecroregnanding bladedl e 50 when
tensi oned dbidifhsshBASHE B0DAGARR Md Bvard Rrafidind sROGES BADARGdoRENt of 1 he

I )
invention that portion of the thread 50A which eéxtends fromthe secondary

fslt op 340E Epi\mcdwylyt dn ap]grfed]@t embrdimentdhspiantcheariag boles B2R( et 322D @tﬁf ine a
. 2 e _ R0 Lhr ;
(ot 1 11 us FRABaotoR bt Ffty 122 F 2R EE sy AL RSP Setd LIREHAL |25l e

50 and t husaccommodation of the respective pivot pins 352A and 352B, for inserting the

respective blades 350A and 350B into the corresponding pivot bearing holes 322C
and 322D, respectively, while assembling the blades in the corresponding blade
housings 320A and 320B. Accordingly, when the respective blades 350A and 350B
25  are assembled in the corresponding blade housing 320A and 320B of the middle tube
assembly 320 they are constrained to pivot on the corresponding pivot pins 352A and
352B, respectively, as illustrated in FIGURE 146 (with respect to the blade 350A),
such that the corresponding slot 350C engages the needle 50 and allows rotational
movement of the needle 50 in the corresponding discontinuous movable guide way
30 321 when the blade 350B is positioned perpendicular to the curvature of the néedle 50
in a radius of the upper middle tube portion 320AB of the middle tube assembly 320.
However, when the blade 350A is pivoted in either direction as indicated by the arrow
in FIGURE 146, the edges of the blade 350A along the slot 350C engage the needle

50 and facilitate incrementation of the needle 50 in a driving direction and slippage of
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20 mnimze tissue damage due to passage of the thread 50A t hrough the
tissue wwth the needle 50. In another preferred enbodi nent of the

i nvent i orwbDla/otdsat t ened hi nge 340H segnent of the threadPeQASIT3IERAI | er
than that of the thread normal gauge, for a distance slightly greater than
hal f the circular length of the needle. Beyond this distance the dianeter
of the thread 50A can be |arger than the needle 50, to mnimze 25 |eakage
in the tiss i { S = e draw ngs
the tabul ar Rds Grafdfe 43 3504 BrRIpocahetlina et Hudd? 1LY

t ubul ar ext desribed. Sbvanothiet preferred etrbodinidng i theéntenbien 8RGigoofimausng from t he

| ower fixed support.frane ul ar. rtion e fixed, support franme
310. Furthe cay W@H#B@%Pgﬁ? ﬂ’(?gvefzg%&ﬁiaggé%&géf‘@gﬁivﬂyc a?@'e{lﬁé out er
flexible tubethd@itigmhside wedlriiTerd Rebdctivé bladé Rywingdi3ddA endl 9REB, portion 320C

of the mddle tube assenbly 320 by neans of a notch 360 provided in the
| ower i ddl Eespeivelyopnd e dipsortinupis fixedomtide way 412 by the SxehefemsnictlOA boss
360N on thgyp ' ; OQRal [ : & , an
inner flexi gg%ﬁ%gld%g%é i?d%ﬁ")ﬁ?%‘%?n al Gy HAAGSNOR p BUlE MY BIR B0
and the out &9 irf itesotasion around tBEEsEertivedbRE¢ bostags 3204/ ap8320B i 6 upperd i s
connected tq. rres | r I . [ ul a nti 332 of the
drive spur g@%ag?ﬁ% Hc’(r)t%:e{]toi()%ré)l‘o‘qul;j %ﬂdggg&or?%sb%(ﬁcpﬁge%eé %%umsef1 {;se:?ﬁ gé’ %x e%noqz ng

t hr ough t he310@spthetaravatedop vetiop@i3Dol e 332B in the | ower drive spur
tubul ar portion 332, the., mddle tatjqnal. slot. 332C jn the |ower

mi ddl e 1fibe port?\éﬁ%@ﬁsél%ﬁa@ﬁ%FW_ﬁﬁﬁﬁé& Ay 190 et ehelinpiee PROLRE
rotational gf @k répd&liveblddes 350ABAd B 508 En SERYettivd pidd@hindd3olaaindsnE on 310D
of the fixed support franme 310. Accordi ngl %Ijé) initial manipulation of the

i nner fl exi Bl @ecomespesdipe Alede hoesing 30 B is dgqilitated by ke pogisionesft ect s a
correspondi ] iYL At Y . : i t he

m ddl e tubegl%sléﬂﬁ'%ﬁy 32% 3?12%’ ﬁ?g%ﬁ%gbégﬁr d;ergdl,?f%%oé I rcé‘?é%,g%gﬁgél t he

bl ades 350Aaid33} vdtciBaragadersut in ke warshandb@ first leherageomxtensipor33DAGnG| ade
housi ngs. 320A and 320B, . res j V and then r e the needl e around
he-t bl ar SeoplleyeRRs buebEOr L Gh pyPiion BPIm DR BE AR ER R ot Ton
of the inne(FIGUREDI 48 i1doB1936TRest bpeniagoallovt free mbadigent of theatdpettival | owed by
t he | ocat-or_ pin 332A faci | 1 m ted increment atifgyﬁg%@ t he drive spur

¥
330 with relyeEssete apﬁé%?bfﬁﬁt@e@%ﬂ&é33%@%%0%’26@6%&( HEAle 15
facilitatess@dat iﬂ% oghﬁ- rfeeaefsemﬁ% Hhadsed3a0rdithgIRORHdIbchdeant act

i
with the needle gggpt eterm ne irection of rotation of the heedle

50, as her eFlaif3SeE anfl 35PN thiceoriespradingrdades 8504 aagdbPBt o FI GURES 154 and
155 of é(}‘e draw RERmitl idw toctf@i%gﬁ“ﬂ‘&?ﬁle‘ﬁ?ﬁiﬁgéﬁldnsaltg&%{ibeeﬁ'laﬁé’d&?ﬁ{,p”' ate

the tubul ar forke e devic _ .
the blades 350A and 350B (not illustrated) are each characterized by levers 354C and

354D (not illﬁstrated) respectively, that terminate at one end in the cavities 330C and
330D in the respective first leverage extension 330A and second leverage extension
330B, respectively, of the drive spur 330, as described above (FIGURES 148 and

25  149). The opposite ends of the blades 350A and 350B are squared off and, as
illustrated, the end of the blade 350A fits beneath the arcuate movable segment
overhang 312D of the illustrated blade housing 320A. Fuﬁhemore, each of the pivot
pins 352A and 352B (not illustrated) respectively, project through a corresponding
pivot bearing hole 322C (FIGURE 147) and 322D (not illustrated) and one or more

30  discs 351 A (FIGURE 147) and 351B (not illustrated) are press-fitted or welded on the
extending ends of the respective pivot pins 352A and 352B (not illustrated) in the
countersinks 351K and 351L (not illustrated), to facilitate mounting of the respective
blades 350A and 350B on the corresponding blade housings 320A and 320B, without
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20 into position for suturing in a wound or incision, positioning of the
needl e 50 to the desired |ocation can be effected by tensioning one of the
t hree cabWev382644 The cables 396 extend in radially spacedTasaz/s1764

rel ati onshi p through correspondi ng cable holes 396A, 396B and 396C,
respectively, provided in the outer tubular extension 364A, illustrated in
FI GURE 155, to a suitable operator (not illustrated). The opposite ends 25

of the cabl 396 are.attached 2 firs Xi . tj on.360C of a
series of eelg(elc?ﬁsgy f’fl%ré’vbdi’& ?o%egp%g@%@(g% 3 5%@ aﬂll(ﬁ%zsﬁ ltda ee@%ﬁ%hﬂsﬂgl?E 154.
Accor di ngl y 320A end BR0B juafatad in FI6UREI 450e of the cables 396 facilitates

bendi ng of the outey flexi.b e 36 i ncl udi he.outer tubular
ext ensi on 364A, klﬁﬁan%slnhrﬁgU%dlisg’ ?ﬂbﬂ}r&a]rsli Oégl?e_e‘ﬁfQ‘WH‘rgsé‘BﬁBr §1tfd he i nner
t ubul ar ext gpBbitheaPdfthishing QR binboditnents! e AV &HionthS &t 5dis

typically to the position illustrated in phantom In a preferred
embodi meht  &tted wéthiadorgih pbthreadSOpY abhor Brar the prates dharpafny hepovigon obz e

construct ed t . i r " " iyce, such
Char pogi £ BeciE R 0k, WARH it MRLEFl] derBREI ARG En ity SORSEIIRbEgHRICE
posi ti on foandan uppenghdblpwt darity 840l & tidonpesit@ippaOeBhoR8f 44 iIIRCTAtSOR/ 31764

et ween ¢ het IERE! FTaa0 o LB ISR D St DAt CEteh 3D tacsBufe s
i1l ustrat edsiop 3K)SIRES adéitbredl&rihredd Geadldnd 3400, dH@rthér itllharalédin FIGY REWE
tubul ar _forked bl ade device 300 can typically be gperated tq drive the

needl e 59 i A5 Al 1. sthersakptuesnrthg sieROHOH andl seronday stopi 3{OE igeqacavaing and
149 using t BenffpthkRidaitO hatdh tHE triérRal3 NPyttt GEIRE nbedi} eyd SMOBEWhENGleYesd I UCt UT €

390 includes the outer tubular extension 364A, mddle tubular extension
364B and i nAGA is tighitred insthedawenshallewcavity B4HXF ped veper shatlo@URRFity 340 afher ei n

the m ddl e L &L i i } A i £ ngi ng
over so7. Sl cB RIS, AediRn. Toqshhosfield Y BociGRulFRIERRTD: 1O
agai n to Fl chRewleity B¢0Klof the heatle eyeed#Bnig preveat thd Shteads500 finmchedt t 0 t he
m ddl e bul ext ensi on B .and extends .radial|ly.inward in the main
t ubul arwexf’@ﬁﬁdi W%J‘etegggés‘i’he&gtﬁ? §u§8¥ Y UEIBEIORG A48 dN 4 i xed to the
i nner t ubul greferfodtepiboldRfent 84 fhedhvenbibh g psitioh 0@ tiithRad SBAtwHIEH &ltendd97D. The
setting spring 397C is biased agai nst the extendi ng, end of the

1§

di r ect i on- c FaRihagecoaday stoB40E wpwardinto a predefenminehdistanegys configured to
qrecon ; . rhat o . . - 4
i rection-chaga J‘%&eﬁéf fnngé’ﬁ(blli‘ tcigglgllﬁéﬁgﬁlfsg’a\/g}fomé &bl tﬂxzod hlidser@bed in

FI GURE 156 nobves e direction-c 397 fromt ositlon
i |1 ustrat ediltustratad) andtallowahé theeasdjOdctorlte fiad 9gainsiithe meetdleed Osamdtthwsg spri ng

297C TaLs, ARG e RSB PR S A PR 108,
the first | aselief® Rxhoths prefesdd Amdodinsede ofthe 20/ ehvrethadhattexddeinge3n0BB0B on
the drive s Eelgne%?gf m;rthe:ea glo%ﬁnlasnsgnafllglr tﬁngrﬂhait (r)lf trhg rtrl'lsrggcis n<;[rpneal gauge, for a
distance slightly greater than half the circular length of the needle. Beyond this
distance the diameter of the thread 50A can be larger than the needle 50, to minimize
25 leakage in the tissue, as desired.
Referring now to FIGURES 153-158 of the drawings the tubular forked blade
device 300 is illustrated connected to a main tubular extension 364, with an outer
flexible tube 360 projecting from the lower fixed support frame tubular portion 310D
of the fixed support frame 310. Furthermore, a middle flexible tube 360A is
30 concentric to the outer flexjble tube 360 and is connected to the lower middle tube
portion 320C of the middle tube assembly 320 by means of a notch 360M, provided in
the lower middle tube portion 320C, for receiving a corresponding notch boss 360N
on the middle flexible tube 360A, as illustrated. Furthermore, an inner flexible tube
360B is concentric to the middl@ flexible tube 360A and the outer flexible tube 360
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bl ades 350A and 350B into the clockw se or countercl ockw se rotational
configuration for suturing operation of the needle 50, as hereinafter
further dweosiokssd4 As further illustrated in Fl GURES 156, pCIUSansl76b68 a
notor 398F is fitted wth a notor shaft 398E, to which is attached a
gapped gear 398D, having gapped 25 gear teeth 3981 provided around a
portion of the periphery thereof and fitted with a gear gap 398J in the

gapped gear t 1, i P . h

P et ot au b BlePadiieno B fortedBdrat A ki b pORioh 453 Oflhe - e
corr espondi dgve spur380.9Fh¢ ldcetet pinIB2A ip fiothed dhhistyated beteniding ehrogegt thext ensi on
398A of a drive gear. 398 .a t.endi ar,ound th eri phery of the outer
tubul ar ext E¥EF egﬁlﬂﬁ,sr_"*rcg’top%ﬁi |1H3ﬁje_ gg’ef ﬂ‘év‘ij%“{/gﬁ’b‘gaépog’é’g 3éagjtfhf’he_ i nner
tubul ar ext angd1e ubdGdfatibihl sive 332 Gkikt 3Gv@ midaRILIRS SdrasKk 32 asl thect i on,
responsive to the direction of rotation of the nmotor shaft 398E and the

gapped gear cauepondg &xed supper diamerratatipralriot 322D ot thetlewer fixgdsyeeort n - a
pref erred eqhndiiidy Rfudd"FLOWERL R0y apsX RN, e ARae K | nterface

mount 399 1S provi n the main t r extension nounti ng the
not or 398F aadipubGiowOf 08/i0a8 3kAibROTbeI360B 31d/8wn theweidghpldedblg abe 3898D i n

driving rel atdonship with respect. to t drive ext ensi on..,398A of the
drive gear §€§C.S§F %p?rhdgn%ﬂcgeéneél agllp né’g& eend;nlvgﬁp'%gg{& aﬁ‘?&?tgﬁ?%offt%m'fi xed
attachment tmddleeiberassinblyBR0 and th deins spun 336,46 firdttilvromient thdibladésBHoa t ube
drive slot 3 in the mdd| e _tubuyl ar extensi 364B .and_ the oufer tube
rive sib BBl fegispdr ship eﬁ#weﬁ'eggfﬁdgganﬁ@%ﬁ%%w@% he
gapped gear r3p&velyNdthbry fotl8 e ntedle 503rdRldehd RALURY forkdl AU 300

count ercl ockw se and cl ockwi se direction responsive to the driving of the

gapped gear f@ggmringpuepoaes: ilaerementatiersof the innsedexdbisgube IORLhravghewithg ar

forked bl ade, dewk 6630 $RE M i 069 B ABPRSHeIERMp B8R 3 1 L1 ed

with a snmooth gear gap no gapped gear tee are
provi ded, ufienirivetspar 330 with efpdch® theppéddle gdbaras@atidy 820.t Hias pwivatentf

di sengagenent ..of the corr ondi n e e eth 3981 wi the drive
gear tegf h ??S?gﬁﬁ%? p&vRténngftsgredgeéqigggfa@EsS?%q& %’8%%5[09% WEO ¢ c\t/g"bgléer 398 and
the main tubedddy 50K tediddraiinghé direétlonofiretatibieoOtht bt SMQS hbdefaftby
operation of a tube return spring 398G illustrated in FI GURE 156. As

further il futhendesgribsd. FI GURES 157 and 158 the nain tubul ar extension 364
needie 50 1 n or  REA g A R o O B Ry novi ng the
mai n t ubul aciremstanseowh@et ib desingd Ity manipukateithy tuhulardenked blidy devical3®kengage
(e 15 S50 o ST SR FBS Dnc SRR B n ST RS o,
as necessar yesirgd ldcatiapedandtid effectet dlye¢rsioningagri of theothFde@ahleS3 961 0TheléBleand 149
of the dr avv'g&ég gx’tend in radially spaced-apart relationship through corresponding cable holes

396A, 396B and 396C, respectively, provided in the outer tubular extension 364A,

illustrated in FIGURE 155, to a suitable operator (not illustrated). The opposite ends

25  ofthe cables 396 are attached to the first flexible tube section 360C of a series of
flexible tube sections 360C-360L, as illustrated in FIGURE 154. Accordingly,

tensioning of a selected one of the cables 396 facilitates bending of the outer flexible

tube 360, including the outer tubular extension 364A, as well as the middle tubular
extension 364B and the inner tubular extension 364C in concert, as illustrated in

30 FIGURE 154, typically to the position illustrated in phantom. In a preferred
embodiment of the invention the flexible tube sections 360C-360L are constructed
such that they typically operate as a “gooseneck” device, such that positioning of the

tubular forked blade device 300 in a desired position for suturing by the needle 50 is
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the needle 50 is caused to traverse the respective discontinuous fixed
guide way 312 in the fixed segnents 310A, 310B and 310C, the way segnents
318A, 318Boan@2$B318C in the spring pressure pad assenbly PC4/usaz3wed | as

t he correspondi ng di sconti nuous novable guide way 321 in the bl ade housing
320A and 320B of the tubular forked 25 bl ade device 300. This traverse
action is effected typically by operation of the main tubul ar extension

364, using drive.gear 398 a P . Of xt ensi on
structure 35{}%@?? u%@%ﬁ?@ﬁ%’eﬁt ﬁ%&%@#ﬁ%é@ﬁgsﬁ’ b&n%ﬁgloglebeg‘g%netgie ated that
ot hersg(r)i veéespsd_ti@md}aﬁemtﬂbﬁiblel:t&bmdcti?mﬁoam%{mi red, Bo i ncrﬁrreglt‘ éhe drive
spur and pivot_the res a an in the bl ade

housi ng 320A andA_§2]é‘E§,tra§ﬁ p Eg@gkﬁgﬁﬁypfiﬁgéflgglwggg? QFQ‘GQQ‘%‘BE%@C

di recti onal nilatdREd Bladd B&iRERY @n 2fbitdlyte@pefmttidib idige R&1ed81e 30 in the

Accordingly, referring initially to FIGURE 148 of the draw ngs wherein
cl ockwi s® agtaries eerHiguetion dustratediie FEOURES{IME agd 42 psing therextensioar r ow i s

illustrated Itch?R@ e loAG i

correspondi ﬁtéu‘%?rggg%%um nghggozﬁggé\?\%aggﬁ%ffgg@?%%%%L?%Gtﬂbulgrnd 320B

of the m ddkxtensidre3@s's eniddly t@R0gr extensipn \36#8 cind mnehbolan extenstdodcdl se

direction tq,engage fter ,needl e 50,, either indivi 1y or I

concert - andNERAEf FRAMRE LSS i R SobURE N BRI il ifive o

rotation of dirékﬁioﬁidﬁdﬂlgn%w?er 395 sefupthyr BaSrAasdint IGUREY 56md 15330 t oget her .

In order to_effect clockwise rotation of 5 the ngfedle 50 the drjive spur 330
i

i s inith@l 1 Referargrgsim od IOV RE B ths digrtion-chapgiag leyst 327 1sjcoppgstaddp &e by t he

arrow super png Abull ekidRsiGr S64IS bt e iR radARABWALd e Maln/@buaPur. 330.

This rotational novenent of the drive spur 330 (within. the s?an of the

m ddl e t ubeextonsien ko redt 6gaigy 2GetHing ISP P, fixed thdelieatwulasi n 3324)

ef fects con . J ] I : n_the
cavity SSOCE%E ﬁsf%ﬁ%#f%ﬁ eﬁ[lgg IS@\?% %‘g“ecy‘\@%‘%‘t ngrﬁéagggoiﬁgﬁéﬁ lﬁgé’@gﬁrgggg%ndl ng
angl ed wal | biasetiGgangt thhexleadiag edddfihe direttivm-cdauging 182089 Hisuthhthatsecond

| ever agj ng ext ensi 30B of . the upper, m.ddl e tube ori.ion 320AB, . as
furthoc 14 11 GRtiiaasahs dieeheepentong ToRa 97 dh it oo keareebones Tgretibar i on
of the needFrGEREI 156MddRheiBctidEhamBtizNe R 393 foh thB Position ilkeR4ied b t he

bl ade 350A contact the softer needle 50 while the blade 350A is inits

pi voted 15 @bplfsriivaerisrenspesitipr iihg setting ensingoty Cn othizmeveentale needl e 50,
as the bl ad?oté’té?tﬁg:i@leé%%ugﬁgxtt@ﬁsggﬂ o2 h 0 ey ggﬂ?l%%'ﬁé‘%dﬁﬁﬂ?élb% of the

m ddl e tube asse drive spur 3 I'n concert in the
cl ockwi se diriecspuotubutadipodived3dywnd He fastloeveragaugxéanisiop3S64 and sehendri ddl e t ube

aeserbl 40 20 L LA GPELRIERL.AG;ASEES, T B Ol b GRS,
t hr ough t hebladésdsoal aniB30Biihtd théelotlvicadr &fitdrélacéwingrodnidnhlol | owi ng t he
needl e S0 configuration for suturing operation of the needle 50, as hereinafter further described.
‘As further illustrated in FIGURES 156, 157 and 158 a motor 398F is fitted
with a motor shaft 398E, to which is attached a gapped gear 398D, having gapped
25  gear teeth 3981 provided around a portion of the periphery thereof and fitted with a
gear gap 398J in the gapped gear teeth 398I, as illustrated in FIGURE 156. As further
illustrated in FIGURE 156 the gapped gear teeth 3981 typically engage corresponding
drive gear teeth 398H provided on the drive gear extension 398A of a drive gear 398
and extending around the periphery of the outer tubular extension 364A, for driving
30 the drive gear 398 and the inner tubular extension 364C in the clockwise or
counterclockwise direction, responsive to the direction of rotation of the motor shaft
398E and the gapped gear 398D. Referring again to FIGURE 158 of the drawings, in

a preferred embodiment of the invention an extension tube assembly interface mount

399 is provided on the main tubular extension 364 for mounting the motor 398F and
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t hrough the needl e opening material 100, as illustrated. The two bl ade
housi ngs 320A and 320B in the mddle tube assenbly 320 nove with the drive
spur 330 wpoam28smitial increnmentation throughout the | engCh/usb2/sites
respective notches 311A and 311B, provided in the arcuate top section 313D
of the fixed support frame 310. Wen the 25 respective bl ade housi ngs 320A
and 320B reach the end(s) of the respective notches 311A and 311B at the

fixed segnments an Cyal i -t i i rotation of
the m dd'e. EiebeCadbrgFis o e RISt inliafhed} (968 b Bar et T e

t ube ret ur n383u iofitheWRSgE4r IBRBirkce e drive deacedtertsiaine3Bavgoietstfnefired of t he
bl ade housi 320A and 320B .and .the m t ube .assenbl y. 32Q, along with
the drive sﬁﬁ% n%@dﬁe WHET URUIAL eXtERNIn ! oﬁt?ﬂwgﬁ‘et’ﬁéﬁﬁﬁ %‘BF é“Y?J§8t assenbl y
320 and t he3dgd Ethe RHldle Ul R TeRtenSE 3688 ahd tHeluser FaY BIve sldigogBggiR SO
remains in its increnmented position because of the_slight oversize of the

needl e df anevier tupplanexteryiici64A and engpges Hetgaprrshesar 3980 dheydiivregean 9812 and
h A, i i J . i
the way seg ﬁg@ﬁéto%&é 1n%3§1§h@@5{n§31§19cm8¥ hﬂ@ﬁg%@m&%%e éﬁaﬁ%ﬁlgi%g %

sSpri ng- nount friction a retalning pads 31
03/ 028544 Parivipso2 18 ighfded geas pD.i Vhis pctidhuotdtesrthenegdless (hareundthe syinilarg

pressure pa S ly 31 xert ressure.. through t rLNg- nt ed
PrFction andRETeIm drysal TriieRagaHics e ShabEkeat A2 RLAGRLTERRLCY,
nmoves t hr oughodthgeaQfahS9BDIHtwHigh do %ﬁp}ﬂ:ﬁi g&m&hBDSEﬁre@bﬂ\d@dﬁlﬁ?’%ﬁbﬁaﬁoﬁndd} he
way segnments_318A, 318B g 318C, this pressure serves to hg the needle 5
50 in plAcedf de gﬁmdrﬁeerd%9§_ 98 ea@gbﬂ@ NESRFTIEHEOL 6 CATPETLBE LaEpPed

re-incr enengeefr@éeth S9KILNBY thi QRLE BRR LN 9IRS thBarive gelr@xfRAsiah 998K, thbe

tubul ar forked bl ade device 300. Furthernore, dueto the position of the

respective Brivgigesr 380 andihe nemoRbalar exfeysiondofrgturn ethg@siginal pesitiahy needl e
50 i |1 i [ : I; . d 350D t he bl ad
2L Bl kAR Bl FRSs oat, 2500 o e ol

housi ngs 3 an I’'n reverse on by 10 operation of
t he tube return Apffirntigr #88Gatelid EFGIGRES U6E taindh ¢ 8 themerie tubuldr exdesion 864 t 0

drive t needl e in th countercl ockwi se.directi on arqund.t he tubul ar
forved BF adetthsonied ol 1of PRl Ful % Rrove Eppatin e nrdE B0 mdtndson and
350B are i niisioahd ¥r RckRngdot illudthed) b9 GhoMisLthe thaie fibulif cRendikideat ed by the

arrow superijnposed on_the |levers 354C and 354D, 15 respecti vel é Thi s
pi voting of lin¢palydprredly oo marsardlystosksengagerthe dnwueasy exteproe3idt Bpmdhe of t he

drive spur 33fbel Bedr9gCaHNAL gﬁz'sv\gﬁé%é@f b ﬁﬁ% ﬁgﬂliar Eefidifda anfaQpl act

bet ween t he spective angl e 334B a ever 354C in the cavity
330C of t heengagetuetofi erggad2@ynegpssatyet ween t he angl ed wal | 334D and t he

N I X A e R
shar p edgesthefmetdie 56 isndauSHIQC takerse the respective discontinuous fixed guide way 312
in the fixed segments 310A, 310B and 310C, the way segments 318A, 318B and 318C
in the spring pressure pad assembly 314, as well as the corresponding discontinuous
movable guide way 321 in the blade housing 320A and 320B of the tubular forked
25  blade device 300. This traverse action is effected typically by operation of the main
tubular extension 364, using the drive gear 398 and the gapped gear 398D of the
extension structure 390, illustrated in FIGURES 153-158. It will be appreciated that
other drive systems can also be utilized as desired, to increment the drive spur 330 and
pivot the respective blades 350A and 350B in the blade housing 320A and 320B,
30 respectively, and facilitate a selected directional rotation of the needle 50 in the
suturing operation.
Accordingly, referring initially to FIGURE 148 of the drawings wherein

clockwise advancement of the needle 50 in the direction of the arrow is illustrated,

each of the blades 350A and 350B, located in the corresponding blade housing 320A
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t he bl ade 350A on the softer needle 50 and, although the blade 350B is not
in contact wth the needle 50 as the needle 50 is configured in FI GURE
149, the wbhade2$330A is capable of rotating the needl e 50PCH/USa®31764

countercl ockwi se direction indicated by the arrowillustrated on the
needl e 50, by itself. Accordingly, the needle 50 is driven 25 through the
material 100 with the thread 50A followng as illustrated, as the m ddle

tube assemblys 32k 6l g ChibkGs Aty 330 AL GyBlch 1Eh BufBRIGKRLN (e

countercl oc se directl by a suita rating device such as that
i | 1 ustrat eddirectiokltéeiRiage iHeFofibBnecdk: e eithapfirali €@ ddabcoriibedncett; and dffecbe

appreci ated_ from a consi deratio FIl GURES, 139-158 of the, . 30.draw ngs t hat
Fhe T ubul ar HedPRER Hikas of 1Finetls S TSRS 1 LI e BAERBES 1| oned
a desired cegbmbl 30 2d.thd divecsplut Y3E®gethbi Ihivade to Effiedt LIGRIEsd BStatidd 6ff zi ng

the cables 396, to facilitate suturing of a material 100 .in_substantially
any sut ut i niheaspdle §0tha drie sPuddq s &pifipiheinceementrdgn thadogkyysg direchion ked bl ade

device 300 fARRrREd BY AR mcbemas%d il thé BaehRoImIRAU AR08 00 364,
i ncluding the extenSion structure 390, the drive 99 WO 03/ 028544

PCT/ US02/ 319184 33gedihige@ationd morecregmp pbidie deiare spgeB0i(withistthespsa afthem| GURES
o Peer o BTy BB SN ond 3P AORA Scatha BERG) A3 A7 bl 20 o

effect incremnmen _ A and
350B t 0 conba&wker the angled wall334Arandthe/lener 35dQrihitigticarity GA0G M tHeefst i t at e

si mul t apeous driving of e mddle tube assemhly 3 d t he dri spur
350 1o L1 olev g B it it Gorcteonding Sted wa Pa R red pedven s o
Fur t her nor ejp thé c¥vity 338ID56f thescdbRd ReEAERE ckitation 38O 8 thelupperthiddRy tub&e
needle 50 is fittéd with the |length of thread 50A at the center thereof,

typi cal |y aBoripn 33@ARB: esdfurther ifty an FIGURED14% Agrerdinglyi Gogsidering the

under st ood : ERIRP sq,&?,e ’ : the needl e
50 under ci?oggﬁn%%giﬁgégée\?%ogﬁ?ﬁe neeg?géﬂ%% I %gfe%%?%égﬁwedevﬁllﬁeeither t he
cl ockwi se obladodifileraitact kivi étedneedlst J0owhileithp bladie 3§0Apom itdmvotpdsi t i oni ng of
the neegle 50 in the.tubular, f d bl ade devijce Ozn MDLLEQVES ~enbNSErtion
of the. Fbedeasrabit pE Y bBige 5308 Boerad oAb Becdlisp, WG Wito 35pBRR e £ | Yo
segrments 31{}Ahe aaéage gayt(%? @ub@i@eﬁﬁ%&ﬁi@g @Eﬂie&niﬂﬂlﬁ%ubéds@'&nbl@@Zg L8 &tiaf 3t2 he
spring pressure pad_assenbly and t i s¢ont.i nuous vabl e gui de way 1lin
the 15 bl adé“‘fﬁﬁ}’élf%o é?@%(“&_ﬁdn ockivndsg EﬁCE_%q‘Wh fqﬁgﬁ’t‘gﬁa‘ﬁ Wdef orm ng t he
needl e 50  gljef) hgedtﬁdﬁ RE RHANE tifeGsREN S2PURES céfl-és/boﬁ?‘i%%é&ﬁe fouynd each

other to reduce _diameter of the needle 50 and faci ate installing it
beneat h t heinrthe plogkwise direstion, assiadivetad by i drenvgsupstimroseaiarBhe needba 3¢,

B L T N
320B. When thwoughshahdedtt opfehmgmeatelia 180, aselhestraged. &'he two blade housings 320A
and 320B in the middle tube assembly 320 move with the drive spur 330 in an initial
incrementation throughout the length of the respective notches 311A and 311B,
provided in the arcuate top section 313D of the fixed support frame 310. When the
25  respective blade housings 320A and 320B reach the end(s) of the respective notches
311A and 311B at the fixed segments 310B and 310C, respectively, the direction of
rotation of the middle tube assembly 320 is reversed, typically by the action of the
tube return spring 398G (FIGURE 156), to facilitate reverse movement of the blade
housings 320A and 320B and the middle tube assembly 320, along with the drive spur
30 330, for re-incrementation. When the middle tube assembly 320 and the drive spur
330 are reversed in this manner, the needle 50 remains in its incremented position
because of the slight oversize of the needle diameter with respect to the discontinuous
fixed guide way 312 and the way segments 318A, 318B and 318C provided in the
respective spring-mounted frigtion and retaining pads 314A, 314B and 314C,
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smal | amount of frictional resistance fromthe outside walls of the

di scontinuous fixed guide way 312 and the di sconti nuous novabl e gui de way
321 in thwomewatshe bl ade housing 320A and 320B. Thi s resiPESTArso®3i764 a
contributing factor in prevention of the needle fromrearward rotation
after being increnmented in the forward direction -25 responsive to
re-increnentation of the mddle tube assenbly 320 and the drive spur 330

in concert rati of the. rn sprin I 6) as
doscribed RSBORSER] iRt Sircd o (el oPesS e o8 oS 14 BiRLR |
knot -tyi ng devughethebpridp-mountad &idtionrand setaining3tadad b4A i 31 4Bl BIRESC Hn%hd 66.
Referring initia to Fl GQJRES 9 30 and 161-163 of the draw ngs the
pl anet ar?‘mﬂ%“é‘h?%‘iélt HWF%%‘%B%%C%GF% 1 F‘é’nﬂ%ﬂ%sﬁxﬁegﬁ’éﬁéﬁ'w ldevi ce
whi ch recei y@pthe vy ségdlemte 808 £ FABES dnldtAICMHidprassuf@ives @ holdkeReqROA at

one end and _sharpened at the opposite end. The arcuate needle 50 is

d
desi gned® t 059 énplacs, agthesniddlgtebenssinbly SR sad thei drvg spend300g-peemens far f i xed

ur i ng. t no e eBet s B S ReT Cunltbs iy B el SRdeapbegodll o,

pat h and i nElmlirmgrea dhé soettie pasitiouo£the wesbective bipdend80A1 a8l 3 FOR3REey 162) t hat

is curved to accept the curvatupe.of the edle .50. The f.ixed 404 is
e e e

Il lustrat edand3s a s rPHiote irdvarsetothti

rotatabl e, bevelledf. tloo hed rotgo,rs ﬁélG, rotatably seated in corresponding
coni cal Lol ereraquett %B%Eé?mﬁ?eﬁpwgf’ 8G preferred enbodi ment of the

i nvention there gnged MGmbRAERSHhFOk Y FesttdPio BivRltAOhkdISHAGRe I N
correspondi ng nunber of the conical holes 416A in spaced-apart

rel ati onshi pousntesdaekwisedirention apangd shesfupuler forked bladedeviag 30004 illusooled éx , it
wll be a hat I I 0.t . . gr -ar fewer
nunber s of pﬂ@g{{g(}? g’etgg E&Iarg%fsoo?ls%{éfil r]rjaél}e I{e]ﬁ%?}roélivé%gg? ﬁle%g(%cfﬁgvé%ondi ng
coni cal hol émsectidbf As iridicatdidebydthe arrve dyperiihsed ep dredevays Bipthand@s4),ze of the

pl anet afy wheel [.gear .devi.ce. 40Q. t her . desi .considerations in the
devi ce.{‘%\ c’é?ﬁ?‘??glgaé’e }Sﬁlvﬁ%roqﬁﬁqgﬁﬁ °S?’§Péta§§|3§8§é§?f3%“‘fdﬁbx he center of
the di sc boph¢refentdtion R eeadriepid B39 ih Gleadoud Ry 6&wARDdifdcli6hJRE effB®) and

i ncludes a central bevel gear 415C, nounted on a central gear shaft 415A,

ext endi ng 1P hetyeen Hisresestire angledovall 334B andithe Iqver3o4C intthe ¢3yityengagi ng a

correspondi i : i drive
shaft 420 ( %%)C%BRfEtﬁg g 11389 ﬁ%seupé??jgl eet‘ﬁrg%%l © sla? E]%? % 6@21 g@ﬁg ajilg S%gnlg%ﬁed for

rotation i n3z4yauthe bavty FPDodisbabladeDyusing 3208h debckingtdfdhalbladesi3d0Aamd410A of
t he di sg, bo 10, and en Lng t central vel ar [ i ¥ing

rel ati o%os hi ggoé‘ﬁlethhs rll\llog?ic?s %gh F 4 e%tgsesg‘r: tlihge %\ag’o&ia e%%fl‘c%} ggl o\t/\,? ?‘ﬂé ﬁg a
downwar dl y- fhediideds0Aentthé mf:@ hedddo5 0 extl, Ak@lghale bladey B5UB Butot AcendkbF t hat
engages with the needle 50 as the needle 50 is configured in FIGURE 149, the blade 350A is

capable of rotating the needle 50 in the counterclockwise direction indicated by the

arrow illustrated on the needle 50, by itself. Accordingly, the needle 50 i_s driven

25  through the material 100 with the thread SOA following as illustrated, as the middle
tube assembly 320 and the drive spur 330 are driven in concert in the
counterclockwise direction by a suitable operating device such as that illustrated in
FIGURES 153-158, as heretofore described.

It will be appreciated from a consideration of FIGURES 139-158 of the

30  drawings that the tubular forked blade device 300 of this invention can be positioned
in a desired configuration, typically as illustrated in FIGURE 155 utilizing the cables
396, to facilitate sutﬁring of a material 100 in substantially any suturing configuration.
Furthermore, although the tubular forked blade device 300 can be operated by means

of the main modular extension 364, including the extension structure 390, the drive
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correspondi ng bevell ed and textured or toothed rotor surfaces 417 on the
toothed rotors 416, as further illustrated in FI GURES 161 and 162 of the
dr awi ngs.woAcwoessdd ngl y, rotation of the flexible drive shacu/usa®3izesi de t he
flexible drive shaft housing 420A effects a corresponding rotation of the
drive shaft bevel gear 420B and 25 the central bevel gear 415C to rotate
the conical central gear 415 and the respective toothed rotors 416 in a

oy ouRes 150260708 anf By KRBt Sherd HikiitGa ERRAUREG 539 s85E hOBaBHRIY L0
wheel i) lggag gtrehgr qq:axidglgsoarﬁl taﬂmn;]ieedanbemﬂtzedtd a’fécngltcreai(n:mdtio?ﬁiﬂ;amt%rwz% e
Z'lt“ E)ﬁe endpf%@J gbf%ﬁa‘lﬁﬁg%at{%ﬁ’ %é% aﬁﬂé%‘%&%@@?@aﬁ}e eﬁﬂ%@,‘%@%ﬂf‘ 8swing plate

424 by rreaneonﬁ%u fation@nll ifsclithdé-sahilgesss EWingoNthahiddlk futk2d&mbli B30 and
connection facilitates novenent of the disc bod%/ 410 from side-to-s
T
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responsi Ve the divgsevn e to grethe dasireh syrring @p illugirated ip EIGURES 46 ead 1256A
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articulation c 1256B 5 12560 typi cal |
03/ 028544 PEMedSURMBAEGZh oftireadSGA atrthe h@lwrrth@c@fo typitaltyhas 1Bp@msadan 1240

t hrough fou 1257. 1o fix ch ectlve
yoke arms AEE(E@RF@ lﬁge‘&? gg}esarflwmgl lsun ers Qé%aéﬁ%r};“lﬁ?ﬁé trat ed in
FI GURES. 159 atsavtied leithér a&l of thé néﬁd&&ﬁﬁmﬁi&ﬁéﬁcuméd \@herym@eneebllemlietos 422C
ext end of, t ns 422B of the universal, joi oke 422 5 and
or e sectl eabt BrtRdnser o fstkvBo s aymidlidour dYGue ehrubie (o s oA +o
facilitate Posifdinglorthe abddi€ s af thefutiartthiRedbhbe ROHYe 30D Mbibvérespect to
the operator 124 Accordingly, referring again to FI GURE 160 of the

drawi ngs t hisertien obgeyneadle S0am ﬂxerrespspta\f?é%l&wytlwwé|gpgi@avayd%1\2|qféhe4ﬁy@dcan be

t | at ed t
orescont anyfEn b 1880 2161 aflt 5 RiC, R se MALPHA, 088 Bha S IC DERRED
manual | y r os@inggesstve pap esstnbly ditéibe disomgmubes inom@'w pdideaiay 321 i theas
her ei h furt strated FI 160 a f
h50e "old onbledt hafine TR artLor B Pyt I Ritng etk 30452 To the.

di sc bott orrbwgm&byftfeﬁdmg@wndegletﬁwutymwemsca34uB)tomard/edeﬁoﬁ%td rdbéeahdi sc
body 410. Referring nowto FIGJRES 161-164 of the draw ngs, and as descri bed

above, 15 fwmetsaf thgneednsp and faciitatg 1nstalling ¥ benssily the r@@ﬁ@@rﬁ&iﬁfl 415A

ext endi ng d@é(%ﬂ%ﬁf&'&&hiﬁg@@lehﬁz@%ﬂd@mbhﬁfc%& irt (e QUEEs n&lﬁg&ixé&‘aft openi ng
415G provided 1 n the di'sc body bottom 410A (Fl GURE 1 and fitted with a

central bevedgmsater312581QHand mé@i thmdvabln@emm@ggzhmwfd 2Brand@12Raf t
e 1L 2RO DS 35hNd yR fa 03 1 20
central geasmilbaaown of fifidtivpakitSRane frorh chiepmedde vellswthe theondinhoudfikd
guide way 312 and the discontinuous movable guide way 321 in the movable blade
housing 320A and 320B. This resistance is a contributing factor in prevéntion of the
needle from rearward rotation after being incremented in the forward direction
25  responsive to re-incrementation of the middle tube assembly 320 and the drive spur
330 in concert by operation of the tube return spring 398G (FIGURE 56) as described
above.
Still another embodiment of the cycling suturing and knot-tying device of this
invention is illustrated in FIGURES 159-166. Referring initially to FIGURES 159
30 and 161-163 of the drawings the planetary wheel/gear device 400 is a reversible
needle traversing device which receives a curved needle 50 fitted with a length of
thread 50A at one end and sharpened at the opposite end. The arcuate needle 50 is
designed to seat in a correspondingly-shaped fixed way 404 having a fixed way
overhang 419 and a fixed way bevel 404A at both ends thereof for guiding the needle
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bottom 410A and the flat top segnent of the central bevel gear 415C for
exerting a downward force on the conical central gear 415 and engaging its
t ext ured wo osoessied driving surface 415F with the correspamdisogy3respecti ve
sl oping or bevelled, textured or toothed rotor surfaces 417 of the toothed
rotors 416. This facility insures that 25 rotation of the conical central
gear 415 responsive to operation of the flexible drive shaft 420 al so

causes the Lve togth . t eedl e
50 and dri ved Bh HesireaB 8 atRRE A ST ot Vil P s PR HPE RISt RE T

FI GURE 163 162)dhdids eirned toeaccépt thcherrvatars of iHeattedletSOWThE fised sapreeisat ed t hat
the conical cenfral gear .4 an al so J |y . i nst. the
respective P’E?Hfdﬁ‘?gdnl"‘ sﬁrbé’dﬁ%go ﬁi‘/"‘%a ﬁ@%ﬂb}@ @g&@%&efﬁ)ﬁ?zﬁw@%ﬁﬁﬁﬁa&ﬁ n
configurati RSUREAB238d & @chhlﬁ%p%ﬁﬁi&& fwithl MR RIEAVIS ibéeelleBAbdth&diofdrs as
illustrated in FIGJRE 166 of the drawi ngs, to achieve the sane result.

Referriny néip-retatblasmated imcesresponding eamaal holen4 oA apsnsetively-via aor ef er r ed

enmbodi nent i i centr al
Conr a1a i o Brefirftd RARh A be W ARRT N Burdiing Pt WEE ARMAME, CO0L T a1 ¢
mul ti pl e al seateddn iavcerresp@AdM@ndBbeLEHNd cHriTy]l bSlE2 433X 64 spacedhrepare rot ors 416C,

havi ng conc r.f aces ,416.CC shagedgi%er%eﬁh t he . doubl e bev.gllbleed edge

4147 of 1 ho SRR HRATRR e ¥k PeyRRGY oy 0. HedweVe, il beg oIt

illustrat gdgjbptedﬁt@ﬂ%&ofbéﬂdﬂlédlin bthe Glﬂlﬂialt gteagpe af fetaenahmngs pft}mgodm&D ma?/ be
i nt er pose et ween t central. beve ar 415C  nounted,.on the central gear
shaf t 519115mt0ré§3§ QMRYRS PrRYid CPHSSR?gg‘P%H%IFf% @n‘ﬁﬁ@, imbe;disg bf’ﬁlé di sc

bot t om 410A41 (T gperdinCupdAde 8¢ bOHE AbAéas whdtsgbdr @R ¢iRE BT hRCothGesiEA0

forces the alternative central gear 414 downwardly as_indi cated, against
t he respect Fansidgrationniax the devien cAwenicdl| depira] gearHlC. is rotateblyseatodinthe a5

illustrated. in F %gﬁﬁ [ Y%F f . hi eve the
same resul tc%lgersollgbstl %f?%ﬁgﬁf‘%e%l?‘?{kg en ?é%e%gé?g%@ri@éﬁﬁg%r%sﬁgaﬁSD 10
Accor di ngl yincheled aic¢rtmat bével per ddb @ omoumtéd GuUREertfb geatishaft A5 A, o¢xatridimg of t he
alternajive, central ge 414.in t man ~descri.bed above with.respect to
e  enbbut ranrahe pitad B e saricnl it A SrEnEaee S edrabendthd SHTSn of t he
respective glafttfendtfar $208; avuntedl o SAIBEdrid Bt 429 FACURERIR Thacave
rotors 416C al so contact the needl e 50, the needle 50 is_also caused to

traverse t hBefibledaiviaatubl) injoumelled fs seiationinscsegbbisaring Hlock#20R, a di recti on
det er m ned By Bftodhe B8E bR 1s10R 'R slody D 0GRP g LeriSfbovcf 15C. 1

a simlar manner, referring again to FIGURE"166 o ] wi ngs th
coni cal cengeaaklYear divisg rélatinnishipt diie iconiFa] ComEs gegt1566 alsé prdvededrveithi ngs can

2% o 222 bR DA P g5 RNl P GRS,
each of whi adirespdrlinpbevell abirtetdx tutid@r soothed rotor surfaces 417 on the toothed
rotors 416, as further illustrated in FIGURES 161 and 162 of the drawings.
Accordingly, rotation of the flexible drive shaft 420 inside the flexible drive shaft
housing 420A effects a corresponding rotation of the drive shaft bevel gear 420B and
25  the central bevel gear 415C to rotate the conical central gear 415 and the respective
toothed rotors 416 in a desired direction, as hereinafter further described.
Referring again to FIGURES 159 and 160 of the drawings the disc body 410
of the planetary wheel/gear device 400 is attached in articulating relationship to a
suitable operator 1240 by means of an extension attachment plate 426 fixed at one end
30 to the operator 1240 and connected to an adjacent swing plate 424 by means of a
vertically-oriented swing plate pin 424A. This connection facilitates movement of the
disc body 410 from side-to-side responsive to sequential manipulation of four

articulation cables 1256A, 1256B, 1256C and 1256D (FIGURE 160), as hereinafter
further described. The articulation cables 1256A, 1256B, 1256C and 1256D typically
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416B have a concave, outwardly-flaring bottom surface 416BB and a bevel |l ed
top surface 416BX, the fornmer of which contact the needle 50 in driving
rel ati onswom3aesi44 t he | atter of which engage the conical eemtusat/3gear 415,
to facilitate rotation of each of the alternate toothed rotors 416B.
Engagenent between the bevelled driving surfaces 25 415F of the coni cal
central gear 415, nounted on the central gear shaft 415A, extending

t hrough t he . i i i t he
correspondi ﬁ%‘gﬁ‘é?éﬂt%% “{?%S"Qé’ 3 g}eg%%gt%ggg%gﬁ h?ﬁ%tagﬁbz&n%% g%ség?ﬂteod rotors
416E by4lggﬁmwatfhchn1e&&gnlm espectigaiyaat doms QE%B zf tlmlrunoifersahJXTiSttyekﬂgZia ra:sp(r:I ing
washer i nter pos e r eye ar n e disc
body  bot tonfurtsRIaEeenm FIROLES) S End ol r4 aeif ShreAEabei paolfGRLS
described, bhekéb 4EI®aitenEREMNYoWEHEfokd hiths 4228 0PBe haRkRaEdintYoke 480t 1 al
gear tension spring 415D, as illustrated in FIGURE 165, . to performthe

same fundti anfd apseqised tarthewving platef st by meanspfiayoke swivel pind22440165 of t he
drawi ngs the,.: t : i 4 [ Lo bk tdaal |y
posi 1 oni ng e aP Rt acHAREAa R GFRI e B B B AT OBl Yy
404, and or 124 i Aepordinglyasfeting {RITAIRHGLRY 160 ofithe deawingsethadisd bed o1& an
traverse th i xed wa 04, 1 7 e rotation, typically .in.the
countercl océ\f/\n{hse @Tlangﬁmr'%/‘g ?eg/ﬁe%sﬂai"%ggggg %ggeb@l{lf lﬁlg eﬁé%%?yegeg}r?(gglf C(t)1 Re g?’r ows 428
in Fl GURE lfianipatutios of the@espectiveic@escalt ah@ie aptsculdtion shblas £256A) 1ES6RJRE 164.

Drivin f ee 0 i,n the.5 countercl ockw irectjon as illustrated
o i VeSO aB i dransan et e B RPERT bt Alats T opait e mnor
i Il ustrat eds h@eihiferfthticr QbR riBed.VAs fltefel iifRRated IIUFURE G40 a FAche'a0EL | Ng t he

flexible drive shaft 420 in the countercl ockwi se direction. This action

causes the exgrdsgiomaved attpshmentits the yivgea seiat yokerdde t@ theddisgibostom 4184 i on

and drive I : : i . w se direction and the
t oot hed rot g(;r}ge%@%}%é?rﬁn%t} ?{el?tl():lggjnt gr%%g%%&sl%eo? g'g?i on as indicated by the
respective gear Refeowg #R81%kh FIGURES 86 -164ethetdrarahgs {1id asldREeribé@ phovep ef f ect

corresppndi count er cl.ock rotatiqn o eedle. 50, which I.s

ol nt o Fod T cpRidRkEfaiE el Ry deriih 258 SXEpfiog dopleilin tm
central geathedbiiomsth&psf thipukhagest sheioperdids ¥13@ pryvikden teadisctsidgct i ve
toothed rotors 416, positive driv[ﬁr}%éof the toothed rotors 416 I s effected

by 15 engagBetam 4h04 (RIS d62)apd with 3 eppirableval sear AP G thet meghea 15F of

the conical ifeR &ﬁ}es&ﬁﬂ'fn A5 bbR] §4r428BABdirato RS REGbIe\RIvRGNAL | ed or
sl oping, textured or "~ toothed rotor surfaces 417 of the correspondi ng

t oot hed r ot 62& agilBistrated in FIGHYRES 461 and 162. GuRRarthepillustrated inl FIG/Ripi @l at ed

21U UL B BRSSPSR a0 s e

friction-enbattuen A0ARAEthedlat aip segmetterfsind cenerd] avelf geat #tbOMdrlexéréieg h, as

desired, t Odownward force on the conical central gear 415 and engaging its textured or toothed

driving surface 415F with the corresponding respective sloping or bevelled, textured

or toothed rotor surfaces 417 of the toothed rotors 416. This facility insures that

25  rotation of the conical central gear 415 responsive to operation of the flexible drive
shaft 420 also causes the respective toothed rotors 416 to rotate and engage the needle
50 and drive the needle 50 around the fixed way 404, as illustrated in FIGURE 163
and hereinafter further described. It will be appreciated that the conical central gear
415 can also be biased downwardly against the respective toothed rotors 416 by

30 means of alternative spring configurations such as a spring washer, in non-exclusive
particular, as illustrated in FIGURE 166 of the drawings, to achieve the same result.

Referring now to FIGURE 165 of the drawings in an alternative preferred

embodiment of the planetary wheel/gear device 400, an alternative central gear 414 is

illustrated, having a doubled bevelled edge 414A that contacts multiple alternative
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facilitate the desired frictional or engaging contact therebetween and
effect positive driving of the toothed rotors 416 by operation of the

coni cal cwotwsabssgear 415. Since the respective conical heceaseisBiecext end
into the fixed way 404, the toothed rotors 416 extend into the inside
surface of the fixed way 404 and the correspondi ng sl oping 25 rotor
surfaces 417 al so engage the needle 50 and cause the needle 50 (oriented in
the fixed r r rse the
fixed way 4\§§1¥ca39{%£r94c1h recatlv‘iah c%ﬂ?éj\lreos élegﬁlg C %58 % oot aet%ﬁf}%t(%}l@ €416. It
will be appbemllaﬂedlgefﬂam of thealsérniaivatcentmnl gbard1@URESN Hidcasndf th60 of t he

drawi ngs that e scent . di hody n be .mani pul.at ed. i

subst ant i al F§°4 !ﬂkpeng ugfraied B’OI'SI&I b%bébl??‘gﬁc e et nsc“HbSpdgﬂﬁ%gg 8 GURE
164) acconmBéait@podddderiwdet theddenklbevel far 18CI neshntedSorf HE tEBFal gédrldﬁiﬂ ated in
FI GURE 164, 8; articulation wth respect. to_ the operator 1240 il]ustrated

in Fl GURE 160°A:extendierthroueh thegear éla@fomé%mséw%yn Hagrlissihoso
respective efse%&;%o@d?ﬁh?o@&uﬁl&éwalse%gfalé%?ge% thelaé%uve %&g&@ and

1256D, whi ch project rou e correspondi ng cabl e openings 1257 and 104
WO 03/ 0285446&?(4‘( # dswawamhsms indligplied zdgainstctba nespective alieinetier canesteamllem and

) st at e T et s dfegBleg RGO E i NG A BEER bR oetbt i ng
tension to tdﬂa:heaveslmatneae@ﬂte;yesubstctuinag fo@ﬂlmbirel gbaﬁﬁﬁsxmssmgtmm | ever

ol at e 51 nAsgneRng BiverdisHirdn MO o6 devipedridos eliteaBewante angl o
articul ati oeexﬁﬁbg@amlzﬁﬁ(ﬁem&wsmea%@@é Wih FRYENIRN the@mbolBn&iescent disc
body 410. Simlarly, tensioni ng4of the crescent angle articulation cable

1256B by mailystrptad ilrhﬁlﬁlmm 492164 abg pausgumasiontnd the respestive alfesratpody 410 to

d li ed

1o the oy eactiiietolorBs Q. shite MR cchithbTiuoRt Mt diflect BRHEIRCAEP. ©
body 410 |n50 Jthe DgdbsiQ s attnmauﬁeﬂ@mtravers&ihnﬁaecﬂtvyy404)1ntimcms@anndﬂs¢1body

io b 100 to b d and th

osThoky AP BPRRERERLRFBEL PO s el el Ral R o

165 of the drsw ngs, as her et of ore descri bed, rot atl on of the alternative
central gear 414 in deS| red di rgﬂml on det erm ned he 15 orientation of
the needi e 50 i nlit hEmplay@gnyen refeoving pgaIR;to Jﬁuj?%% the drings Hevel gear

415C prOdUCE&ué’al%&{tfa?ﬁ&ﬁ”l‘iS'i‘l%sﬁ%feﬁtlﬁ PIG@RESh%9ﬂ|6B%"f'EKE<ﬁa\9&%§§é{PbJ otors 416C

in the opposite direCtion to drive the needle 50 in that Opposite
di recti on. q’catablkéitﬁqrénnéme,cresc@ft érsmbngy ¢ ). FAlBREe t@Bhe rotdie 4 tifhesieratso

rotat i o, of 4 lig, 600} &Al £EBLAL: S8Ab Ao Bt or SELECHREA f5BEN ofPar L s

rotation of especti vé a erna d"otors € opposite
direction té168 hwe ddmacmednhte/aﬁmy-lﬂlanh@hdsttm paficed | dBBamtl iadevéelledithye manner .

surface 416BX, the former of which contact the needle 50 in driving relationship and

the latter of which engage the conical central gear 415, to facilitate rotation of each of
the alternate toothed rotors 416B. Engagement between the bevelled driving surfaces
25  415F of the conical central gear 415, mounted on the central gear shaft 415A,
.extending through the gear shaft opening 415G in the disc bottom 410A, and the
corresponding bevelled top surfaces 416BX of the alternate toothed rotors 416B by
downward pressure is insured by operation of an alternate spring washer 415E,
interposed between the central bevel gear 415C and the disc body bottom 410A, as
30 illustrated. Alternatively, as heretofore described, the alternate spring washer 415E
‘can be replaced by a central gear tension spring 415D, as illustrated in FIGURE 165,
to perform the same function.
In operation and referring again to FIGURES 159-165 of the drawings the
planetary wheel/gear devic§ 400 is utilized by initially positioning needle 50 in the
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and for the purpose described above. It will be appreciated by those
skilled in the art that the articulation feature of the planetary

wheel / geawodewesses 400 il lustrated in FIl GURES 159-160 is i lPcaatsozsi7ee, it
bei ng understood that substantially any articulation operator, including
the ball and 25 joint articulation described heretofore with respect to
ot her enbodi nents of thi s invention, can be enployed to operate the

pl anet ary i Mﬁ: nown to

t hose skil Y\@gg 9?2@4 goggntﬁ%%e %‘Poyeg% G’ﬁ)s ane?&%h%ﬂ e?(ycaélar

devi ce 400 &aavassthedicted tv@yﬂamdamﬂ-éege&nowioat uypm:ali)j7 irt the cdmrﬁerclmlalwlse410
Wth respect.to.a materi 100 fo rin illustrated
' S0’ B GoREirdinn af il i gectiodieaton Sgis Aok TLISUREARS B W Ry i | ng
sut uring anehakdal 100/Adusifrddia RGURR 64, |Mﬁﬂgb9ﬂ1eln@§dlb|9@$nﬁlef|eXl bl e rotor
device 500, illustrated in FIGURES 167-176 of the drawi ngs. Referring

initially teoyteciReoviss diragtign psdlustrated in HIGEREd 68 ped 164 @)@iﬂi@P‘éd P¥t or device

500 i ncl ude i 3/ 028544
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and are seahggB irBspebthRIVHIGURH ng%weIelffe&%ﬁ%sp%laaﬁg%uﬁte@ﬁﬁkmlrgﬂanwr m ng
wal | 511; as |IIustrated in Fl GURE further illustrated in Fl GURES

168 and 1700ft|héné«?@@%o*(hl@tmsmm@fnedﬂmlamb)cthsfgﬂedsvamoavﬁha@gﬂw t¥inee bot t om
openi ng 508 r Q%@,{ on groove
515E is proé{ (fggfc E‘ﬁm g%epreslgl éj@é%édg%g‘)\%‘*#&y%fh%%g%%s%hﬁé center
section gr owoﬁleﬁxaﬁrs 4l 6h peritiheeddrbyngofthe toottiedpatond 4 iswékedted byroul ders 515F

t hat extend outwardly, of the pl ane wal | cent e ion.roove 515E,
ao furt hor  PRREERPiheavaen s elpBl ordenth g <S8R Haak G e AgnEa 1 o

FI GURES 167l géa8 405 adbiedd eg&n%résbaxivbfbevdmﬂ@f shping, tbﬁtumlcdrudes a
flexible out er band 515A, with flexible spokes 515B extending fromthe

f1 exi bl e outogthediotprsuraces Ak pfithg cprespon gﬂotwrp&rﬁ‘% ag1 h’étratﬁd ¥haf t
openi ng 516A4GURE 1k m%'n el dppkiatdaasd, thaserMﬂéBE{%tﬂe?ét BAAnd fpddiGef | €Xi bl €

outer band 515A of the emg | e rotor 515 i ncludes a curved rotor contact
area 515C, mm&rwwwrﬁw #15F andxcogngtiondingaotor swfases Hioh emdesextungdi ch

rotor shoul gahs MaRd. 8&%$ﬁ§ gTEE%a?Q‘i a%rbfei%éﬁﬁ’%ilddr’lﬂte%lhx RIBU AR Rt Of

the depression formn
facilitate the desued frictional or engaging contact therebetween and effect positive

driving of the toothed rotors 416 by operation of the conical central gear 415. Since
the respective conical holes 416A extend into the fixed way 404, the toothed rotors
416 extend into the inside surface of the fixed way 404 and the corresponding sloping
25  rotor surfaces 417 also engage the needle 50 and cause the needle 50 (oriented in the
fixed way 404 for a selected direction of rotation) to traverse the fixed way 404 in the
direction of rotation of the toothed rotors 416.
It will be appreciated from a consideration of FIGURES 159 and 160 of the
drawings that the crescent disc body 410 can be manipulated into substantially any
30  desired configuration such that the gap 405 (FIGURE 164) accommodates the
material 100 to be sutured, as further illustrated in FIGURE 164, by articulation with
respect to the operator 1240 illustrated in FIGURE 160. This articulation is effected
by manipulation of the respective crescent angle articulation cables 1256A, 1256B,

1256C and 1256D, which project through the corresponding cable openings 1257 and
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rotor 515 rotates inside the disc 510, as further illustrated in FI GURE
174. Accordingly, in a preferred enbodi nent of this aspect of the

i nvent i orwbDla/oesstor shoul ders 515D and t he correspondi ng paalusoxbioed der s
515F are provided with a snpoth surface treatnent such as teflon or the
i ke, which is self-lubricating and 25 causes m ni mum resistance to
rotation of the flexible rotor 515 in the disc 510. Furthernore, in

anot her preferred enbodj ment of nventio he r contac area 515C
is provi dedi)(eﬁl Y"ﬁ“‘é E ‘f P Cih ure l??gfiﬁlla?siegm%e %Fif
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to and for the purpose described above.
It will be appreciated‘by those skilled in the art that the articulation feature of
the planetary wheel/gear device 400 illustrated in FIGURES 159-160 is illustrative, it
being understood that substantially any articulation operator, including the ball and
25  joint articulation described heretofore with respect to other embodiments of this
invention, can be employed to operate the planetary wheel/gear device 400. Other
articulation techniques known to those skilled in the art may be employed in the
planetary wheel/gear device 400 as desired, to facilitate articulation of the disc body
410 with respect to a material 100 for suturing the material 100 as illustrated in
30 FIGURE 164 of the drawings.
A still further embodiment of the cycling suturing and knot-tying device of
this invention includes a flexible rotor device 500, illustrated in FIGURES 167-176 of
the drawings. Referring initially to FIGURES 167 and 168 of the drawings the

flexible rotor device 500 includes an arcuate fixed way 504 having conical entry
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retain the rotor shaft 516 in place. In one drive enbodi nent a shaft bevel
gear 516B nmay be attached to or shaped integrally wth the opposite end of
t he rot orwelnamesssd6 fromthe shaft cap 516E, for engageneatr/usol/bi7es
correspondi ng drive bevel gear 516C, having a drive bevel gear shaft 516D
attached to a source of power, indicated by the 25 letter "P", as
illustrated in FIGURE 174. This source of power can typically be a drive

not or of subs: ially the i C i . cromot.or 48B
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know edge ofhetfixed evaysiod| IThe fixad ag 584 is préwidbd ar a dist 580 hadtma dise watlr
operating t flexi.ble rotor deyi 500,incl udes 3 irect drive such as
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is typicall ¥chatt abaii 50,5 ovisee’d im FRGUR BRI 100e] Toousido70B. be gﬂﬁe@wé phitd ached
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the art rotor 515 rotates inside the disc 510, as further illustrated in FIGURE 174.
~ Accordingly, in a preferred embodiment of this aspect of the invention the rotor
shoulders 515D and the corresponding wall shoulders 515F are provided with a
smooth surface treatment such as teflon or the like, which is self-lubricéting and
25 . causes minimum resistance to rotation of the flexible rotor 515 in the disc 510.
Furthermore, in another préferred embodiment of the invention the rotor contact area
515C is provided with an abrasive or textured material for securely, yet releasably,
engaging the needle 50 and driving the needle 50 around the fixed way 504 responsive
to rotation of the flexible rotor 515, as illustrated in FIGURES 173 and 174 of the
30  drawings.

Referring now to FIGURES 170A, 170B, 171 and 172 of the drawings it will
be appreciated by those skilled in the art that the flexible rotor 515 can be placed in
the disc 510 for either counterclockwise rotation (FIGURE 171) or clockwise
(FIGURE 172) rotation. As illustrated in FIGURE 170B the flexible rotor 515 is
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t hat ot her operating nmechani sns known to those skilled in the art may be
used to effect rotation of the flexible rotor 515 and the needle 50 in the
fl exi bl e wotoom2sdevi ce 500, as desired. It will be furthercapmonsi7et ed from
a consideration of FIGURE 175 that the rotary cable circuit 518 can be
housed in a suitable operator such as the 25 operator described in other
enbodi nents of this invention, as desired. Referring again to FIGURE 176 of
t he draw ng l. e..fu i art
e 2 "odollghh RS LS B AL Lo AORERA S Dbl
and descri bentl themeadlavb50 s ihgopicion fchrccoontlaeulookmcl'otmunm e fixked svayisodent i on

and may include a u rsal_.Go suc t he uni.versal | ol yoke 422
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177A) apsd |ncI gg%ng a fixed way or groove 604 that flares at each end

t her eof "at d way bevel 604A to accommbdate a curved needl e 50. The 15

needl e 50 |s ShaDﬁQﬂ@(bf&llﬁe ﬂ@ﬁhﬁe@(ﬁ‘tdﬁdd\ﬁ&eﬁiwdﬂi)i lsteao@ompﬁdiea byapy 646 6f
t her ebet ween, whi ch neg gap 605A is sl |g nor e narrowth%l the disc

cap 605 in teveralifevcespd t qPEﬁa fyracally|as gldys rafteéan fICEREURE wherathethe di sc
610 i ncl udegér sheBYSR 1ﬁsé;{ea(ih1‘69g}?fhe r@t%fls}(alﬁl (gé% gBi6 A oradn&isle $60P Ot t oM

610A which facilitate encl osure of a cooperating crank 622

and connect  Hyarskthroughithe B2Rn OpdmnxsiQSét @dhﬁ: dlSFﬁtQJREShEUatEd?lBF RE38. As
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one end2 conhecte appro cen polrn he curved nee
retain the rotor shaft 516 in place. In one drive embodiment a shaft bevel gear 516B

may be attached to or shaped integrally with the opposite end of the rotor shaft 516
from the shaft cap 516E, for engagement with a corresponding drive bevel gear 516C,
having a drive bevel gear shaft 516D attached to a source of power, indicated by the
25  letter “P”, as illustrated in FIGURE 174. This source of power can typically be a drive
motor of substantially the same design as the conventional micromotor 48B illustrated
in FIGURE 109A of the drawings or the like, according to the knowledge of those
skilled in the art.
Another drive technique for operating the flexible rotor device 500 includes a
30  direct drive such as that illustrated in FIGURE 176, wherein a flexible pinion gear
shaft 48H is typically rotatably provided in a flexible housing tube 49 and attached to
a drive mechanism such as the conventional micromotor 48B illustrated in FIGURE
109A of the drawings. The opposite end of the pinion gear shaft 48H is attached
directly to the rotor Shaﬂ‘S 16 as illustrated in FIGURE 176, to drive the flexible rotor
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and the needle thread 50A is allowed to traverse the disc gap 605 and the
space between the perineter of the disc cover 611 and the fixed way or
groove 60wWwo0B/0esse4 di sc 610. This continuous opening in tkReTdiSsz3BEd
facilitates uninhibited novenent of 25 the thread 50A throughout the | ength
of the disc 610 responsive to increnmentation of the needle 50 by rotation
of the pawl 618, as hereinafter further described. The disc 610 is

Lypi cal | y_consgehig. £ AULlof Uhithixfok 0l irddRnas JNILNRY selldist rated i
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preferred 3 enbodl ment of the invention the operating arm 634 is attached
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03/ 028544 PCT/ US02/ 31764 the disc 610 by nmeans of shaft support plate

632A. Vert i sphdlegV@hpmotatadfly mounigd dbetwesn @ pairtoh Hm@bbl@@kstﬂ& He enddgsat i ng arm
634 is effe gh t he
fixed joint 6P 8wl o Bl P81 Ao nPiive e SKOA BB HGRATD |

support beaf2ManhdBaRhespawd|SA6A a0¢ proviied whslke bﬁttom:él&tbf[the t;;h&dls 53hedft s uppor t

pl ate 6 ser\ves t our e en fl.exi bl e bevel gear s

51 or 16 ot BT Vet RPN SRR SUPFIIG BY R RO T B BIotar 631A
is attacheghetspinidiees 19 tAegpihdle bevl gedr $288s ploRidel bf theddHondeR thesdipet 631,

whi ch projects throug bevel gear shaft support 632, the shaft support

pl ate 632A @m@rﬂﬁﬁﬂ%gnd th@ép1®i%bqveb§&r PHhenzages  driveevel gear 244t ati on of
the drive bgyg ﬁgc??cfth?urtfﬁb . Pﬁ's% agc r&fﬁgglr@éra@dmoﬁﬁy&{?t& g5 631B,

meshed therewt strate RE 177 rive pin
bevel gear é&BikesBhe drivé hewl gearﬁ%Adndﬂ@qplndlﬁwefmﬁmmﬂotage,tthe@ebyr ank 622

andth_e ran 2A and..i mentJd ng .t he s.il.lu ed in

P cure 14 7 R hERETS B SEA T Wb O ARY o 3BendRe ¥ B LM he' har
support Eeépgndll 56382180 t@ratks, Xﬁ dfff@ rame&ésmndhg rbtagonloSthe lﬂ@iﬂbwﬁoﬁ% G/i\st o b fet ter
support the djsc 15 610 on the fix ] Qi ra A. Accordingly, from
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that other operating mechanisms known to those skilled in the art may be used to
effect rotation of the flexible rotor 515 and the needle 50 in the flexible rotor device
500, as desired. It will be further appreciated from a consideration of FIGURE 175
that the rotary cable circuit 518 can be housed in a suitable operator such as the
25  operator described in other embodiments of this invention, as desired.
Referring again to FIGURE 176 of the drawings it will be further appreciated
by those skilled in the art that the support or operator 531 can be designed in the
manner detailed and described above with respect to other embodiments of this
invention and may include a universal coupling, such as the universal joint yoke 422
30  illustrated in FIGURES 159 and 160 of the drawings and as described with respect to
those drawings. Other universal joint features known to those skilled in the art may
be utilized to facilitate articulation of the disc 510 with respect to the support or
operator 531 illustrated in FIGURE 176 of the drawings.
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appreci ated that the disc cover 611 is typically renovably secured to the
disc 610 by neans of an attachnent screw 620B as the disc cover 611 fits
on the diwoBA®sad ong the inside periphery of the needl e PRO/EBOY317684
stabilized in place on the arcuate cover 25 support plate 611 A that
defines the disc gap 605 illustrated in 177A. A threaded attachnent screw
620B (FI GURE 177A) is typically threaded into the internally- threaded hole

620A in the pivo C .
illustrated in F?teﬂl% a%Bn/eg\ a?éa?yltp%%%}ﬁed 1It1| VO %lgttrlthgggmﬁ?eq °?§8V‘f B the
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crank pin 622A, fixed to the crank 622, projects through the chevron cam
slot 630 prBIGURESIIAT1IAS, pslmlessngarcyats dise610, operalongmong ssgmept tordeinga ank pi n
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surface of t ' rovid teeth ich paralle
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in the pawl 61 characteri zed by a counterclockw se needl e side sl ot
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sl ot 630 by5@Athes M@dmonmtceadab tiekayipseximatd cehter foinsal the curved needle 50

and the needle thread 50A is allowed to traverse the disc gap 605 and the space

between the perimeter of the disc cover 611 and the fixed way or groove 604 of the

disc 610. This continuous opening in the disc 610 facilitates uninhibited movement of

25  the thread S0A throughout the length of the disc 610 responsive to incrementation of

the needle 50 by rotation of the pawl 618, as hereinafter further described.

The disc 610 is typically connected to an articulating joint 633 as further
illustrated in FIGURE 177 to facilitate articulation of the disc 610 with respect to an
operating arm 634, also connected to the articulating joint 633. In a preferred

30 embodiment of the invention the operating arm 634 is attached to a vertical pin
bracket 633D, pivotally ;:onnected to a horizontal motion bracket 633B by means of a
vertical pin 633E. This connection facilitates horizontal rotation of the horizontal
motion bracket 633B and the fixed joint bracket 633A to which it is attached, on the
vertical pin 633E, whic}} fixed joint bracket 633A is, in turn, typically connected to
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rotation of the crank 622, the crank pin 622A exerts force on each of the
countercl ockwi se needl e side slot wall 630A, the clockw se needl e side slot
wal | 6308 olessepunt er cl ockwi se pivot side slot wall 630@carsor/bes

cl ockwi se pivot side 25 slot wall 630D in the sequences hereinafter
described. These actions facilitate sequential clockw se and

count ercl ockwi se increnentation of the pawl 618 inside the disc 610 as the

pawl teeth GLEMNAMSHLALY RHOABE.A Bl SAN0RGRNERAIhPEr deadbe SO to

drive the nee I’n érther t W se or counterclockw seé direction,
dependi ng upbhwitheespecteo thewpeniting atrattddis effectdddbyoneank 062 Borizmtd]l pirt her

her ei nafter descri bed. In.operati.on and.t rri naw t.o Fl GURES 177A
and 178- 1836%)?8#}‘? extare%fﬁwagh ﬁwﬂﬁeﬁp?lflg?fﬁ% 8§1{:¥ AP hPBLontE motiom ¢ he
needl e 50 i BratkétSB3BON $Ha@REppdribeating 682B Vewelded 6tlotherwisy at@tiaave k04 as

illustrated in FIGURE 177A and the disc cover 611 is,f%\ge into place and
secured by PRAENIPBeT plage G32AnRsTYes §joutpab orendigf@ fiexibl Bes

PCT/ US02/ 31 rd3B! j r 611 and
the over hang. Bb W e e BB bt e B P all s S S RN (2610,

al l ows the aitashibdtosbe exterding erd ¢ighea flexibtphevelrgeanshaliia3 11 which projeds f i xed way
or groove 6 ut Wil n _ e Q,t bty L fixed way or
groove 604 &?%‘%ﬁqi%beevf: L%e_ar %{Saﬂfe%b ? (I\Q%[?ﬁle’ Iﬂl[‘]eusg}qbgs%l %;gorlt ?llgfleg&hlfngq&r?gg & paw
618 is- fitt gehfl bearidg 632@ talfasititfhd fotationofithadr v tevplaydar 636X, as WelAsar e caused
to sequentially engage the needl e 50 and, di sengage the .ne 0,..dependi ng
upon p ssH¥V8¥%‘?3’%Y%(¥e lﬁemﬁegttgﬁﬁwgpﬁlfgﬁgﬁqﬁ%ﬂt ddp ﬁgéﬁpﬁe”gt ongat ed
pi vot pin sirpé d8¥Spinttddd] ge@WB311BAS fikBEtdthY tivdpin 6283bE robtipR thGhhlt §281 es
novenent of the pawl 618 to and fromthe needle 50 resulti nl(%gfjromthat

pressure. Agbthgicrgkpin 6224 and inesementing thepawd 61 & as dluystratein [ EUREe cr ank

pin 622A i's ; - i I w 618 has
been in con% ﬁ%t e1%1§:1‘§er§ig§e¥5ﬁ’3 Ed.%AQ%E@?%%J{E%E&%S#&%@&?@E@ p|0P1tat he

count er cl ockerring 632Bédc fixedhconhbeioprtarthe gisnb@REAG 1 GA tobeteasigpdrtitioe dist at e i n
the counte ockwise .di.recti.o i ndi cat e the arrow s ILhposed on
the or ol obf0 SEBMBRI RO s S ASaERs B 3Rt BB Do
source (not 177 it will batpshecibiedthal mahipubdtion of e disesioking thembt dgegsp 6omft 631
and thus, the drive bevel g?ar 631 A, the drir‘éﬁ pi.n %[%vel gear 631B and
the drive pFifheespestdo amaserial fohe sutursd (ot dlystraied) ean bsreliepted by mayemedh and

the crank phfyhB832Aatiddlarsh FRVEERpMhenting tied #REIRIAY 832833 RidcBehe di rection
of the arrow illustrated in FIGQJRE 178 Causes the Crank pin 622A to contact

t he count er Bexibledieve gepnabaft 63 Havild bend (gedcrorgpodate thesdpsisedgorement én thev enent

of the 2?0 Rawk$18 away fromcontact with the needle 50, as illustrated by
the arrow | ocated at the base of the chevron camslot 630. This action of
t he crank 622 anBefeléngcagainktoIGURES 177A-177D of the drawings it will be

appreciated that the disc cover 611 is typically removably secured to the disc 610 by
means of an attachment screw 620B as the disc cover 611 fits on the disc 610 along
the inside periphery of the needle 50 and is stabilized in place on the arcuate cover
25  support plate 611A that defines the disc gap 605 illustrated in 177A. A threaded
attachment screw 620B (FIGURE 177A) is typically threaded into the internally-
threaded hole 620A in the pivot pin cap element 620C of the pivot pin 620, as
. illustrated in FIGURES 177A and 177C. The pivot pin 620 is fixed to the disc cover
611 by means of a pivot pin shaft 620D that supports the pivot pin cap 620C, as
30  further illustrated in FIGURES 177C and 177D.
Referring again to FIGURES 177C, 177D, and 178 a crank pin opening 622B
accommodates the drive pin 625, illustrated in FIGURES 177B and 177C, to facilitate
rotation of the crank 622 and the crank pin 622A responsive to operation of the

intermeshed drive bevel gear 631A and pivot pin bevel gear 631B, as hereinafter
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622A al so effects a cl ockwi se novenent of the pawl 618 as further
illustrated by the curved arrow below the pawl teeth 618. As illustrated

i n FI GURBVDM/0es3mt | nued rotation of the crank 622 and t hePCTHISor/anTk4 pi n
622A in the countercl ockwi se direction as indicated by the arrow on the
crank pin 622A exerts a continuing force on the countercl ockw se pivot side
slot wall 630C near the bottom of the chevron cam sl ot 630, to effect

ddi ti | ¢l gckwi t he
curved arr o TEE AL APHIRHE o e ISHR AR b er ank
pin 622A i san®ars, fige 6d8$§1&htaﬂétﬂmcthe dise 6¢0 Etwh|tﬁz{t tBDpiooipih sEa’fd62(1D S
novenment of the crank pin_ 622 t he p%V\A eth GﬁgA ev rther away
from the neBEVEting uppyardhsfrgm, agﬁcsl'ﬁ‘f‘enﬁ ot Srdf'sﬁ Homi Gl QARsd us
chevron CaﬁF?ch@RE@%%ch«ﬁﬁqw]bn&tmtmu@ 53-E6ndeBl Hib6t ;ﬁﬁ%kem 061%36\ i s

still in contact with count er cl ockW se’ pi vot ‘side slot wa 630C as
t he crank amhamawthgédsawﬁttmmmm& Thqmvm)mxﬂp)émm mnousbwobihm

continue t0uf0fg s&?ﬁe 8%%@8\19&%&%%&9&%%& e 1" rklln8§&t{l)a{) by the

arrow superi rrpos cran MeVron '€am s 0. The
crank pin @R2A10by m‘madahletshmqgrmxlnemhfeadedjhaolefszﬂms Fartheroae, aoillistratadid i s

novi ng di st al contl nue I count er

direction tmmdig 3?5‘&@" ?@ﬂ 2n WW&CE%HB%E%

di rect l on, aﬁewéd &b §18t €30 &Mvi&ib@uﬁﬁlé‘;ﬁ@m @rg \bpigathvird of ﬂ@‘&aﬂlﬁﬂﬁ h 618A,
downward force as |Ilustrated b t he

while still an jnward or
arrow | Bat éaflgé%@a pephera s they chewroncrenales P30 and drivingsd tha pawl il
conf i gur at i gftifine 4386 £J RBKORIVE S FAR G hOEaRRBY, G ferclddRecPither et 618A

remai n out contact wt e need e 50 due to the downward novenent of
the pawl 618escrbéd. | AnfredietijiustrateindGURID 1 i thel coankaiPQ hagsufficientiqlat ed in

FI GURE 181 f the {O% n? t%%eel% ea K 1602\/% c?‘rpg T&]e ancl:(ra nO e%%n%ﬁ%%@“l nue
i at1o néie Fritk

In a counte se r as’i I‘OW sed on
t he crank ppﬂ)vﬁ%aén amcbpphﬁte@uefadre ¢fithe ﬁﬂﬁ%l@dﬁomdw chewtoa@hmcklct%eo The

countercl ockwi se needl sl o | I t he. chev sl o

whi ch 15 acP¥rEd BpRey 8 %ﬁ@gﬁma %é@gmxfaw% thpﬁwbteaﬁgé% Shicgypat arrow
beneat h t heahpsgichithe &R\eat&le%ﬂm)&arwagl&t 63,60 Casl fOFR& il1HRraRAh teeth 618A
in contact with the needle 50 (not |IIustrat ed)’. Conti nued pressure

exerted on FK@JBEdﬂﬁeFéﬁb@mm%@%@moé cgmgdoti3gtproviged ingbopavdf618ie chevr on
cam sl ot 6391149%{#&%(1%%%%1@ @ﬁ%ﬁeﬁe@&ie?ﬂ%ﬁ?w&ﬁ%&@%‘é‘% clg@%x%s?ﬁ&d&é"e needl e

50 to nove e counter W|se rection as In 0 arrow
beneat'h t hesmiamllot ek bROB, 1B uatedclsckivase pilwet qixba/\dlott\%t 6308184 aawleckmsc firmy

fs ?iggdv\g@ t hl%o s1 g slgt W!(i)ll 6%]1? R%goq'ldﬁlg Y, when ﬁle 2 aplilrsx %Q2A?s &[1)1\5/&1 t%r ound the

traverse the chevron cam slot 630 by alternate counterclockwise and clockwise
rotation of the crank 622, the crank pin 622A exerts force on each of the
counterclockwise needle side slot wall 630A, the clockwise needle side slot wall
630B, the counterclockwise pivot side slot wall 630C and the clockwise pivot side

25  slot wall 630D in the sequences hereinafter described. These actions facilitate
sequential clockwise and counterclockwise incrementation of the pawl 618 inside the
disc 610 as the pawl teeth 618A sequentially engage and disengage the softer needle
50 to drive the needle 50 in either the clockwise or counterclockwise direction,
depending upon the direction of rotation of the crank 622, as further hereinafter

30  described.

In operation and referring now to FIGURES 177A and 178-183 of the
drawings and initially to FIGURES 177A and 178, the needle 50 is first positioned in
the curved fixed way or groove 604 as illustrated in FIGURE 177A and the disc cover
611 is fitted into place gnd secured by means of the attachment screw 620B. The
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groove 604 in the counterclockw se direction. Referring nowto FI GURE 182
of the drawi ngs continued rotation of the crank 622 and the crank pin 622A
in the cowontosnedseckw se direction as indicated, causes 25paddisoz/srrad
pressure to be exerted on the counterclockw se needl e side slot wall 630A
of the chevron camslot 630 to continue the upward force exerted by the
pawl teeth 618A against the needl e 50 and countercl ockw se rotation of

both the pa nd_ _t i.ndi .
respectivel yf’“ﬁg"i %tﬁg?nrt§§8§$r§%e€?%@%i§%§ ?E %gd giéé)\sl\ngﬁgs {5 e glrcgnk 622
and crank pextedd the 3idc barcewald 6l 4 nfithe dise a1Oyalows théeeedbaFt ecclotationals e
direction and extend th cranl&rfg{)i n 622A to tfgg di st.ﬂl e']fj otf its,circular
orbit, thus MPSRBRREYIY theSuRvRd et weay L groove P84 it yvill mghalloyethemegdle r ot eq by
the positi 080 @f edihie Eixad Wap oP g2\ NfrbMandRPe AN fubther illefhaNeddn RRGURH ot
630. 113 WD 03/ 028544 PCT/USQ2/ 31764, Referring to FIGURES 177 and 184,

under ci¥ cuh’l thspaw! ahdisditteddngdeihg dse H14 such that the apwl teeth 6dBAAregausediused

to rotate i j ' i : '

respecti ve oy gEe S AR SRl O oo nARR ) U OB, e

12(73\7/el 5gear ﬁ@iwrgmme_d?ypﬁlf?ﬂmatmgm@km 6@129“&;&?:51& lemgase_tdrmwmé inFﬂadJRE o
: presgure i.s initially exer i ns e ¢ WS e, side slo

wal | 6305 ol fstien s Pt bl e 5o S BIBY S e Pefo A PRI AIRTR o

?ih_r ection ofrointhe aéerdwsh Omﬁg% fipasthet Ihrgigufeomqoaﬁi_iﬁgl%z;%tﬂgnh?ﬁllﬁsmﬁﬂ&ﬂf 3%34.
is actjon s, the paw . upwar S i cate he .arrow a e

base ofEQ heFL@éggolﬂtgé%‘?@‘\Plvmeéé‘ﬁ 1?% “%tdﬁ‘? %f_@?o ; H"I’f"efﬁgglf?e‘gd‘f}%"ls such

that the paphwl@Rtiis Bd& ARSAGEt WiliethReREdIE 50@nd Fotdi0d el ncedd 50§h fel ONShi p.

The force supplied by the crank pin 622A agai nst the cl ockwi se needle side

slot wal |l 6soBtsrelogkvise disersions Thperank pand22Asits nost eaased: thgotgtpvin 218 and. t he
needl e 50 t I ; i i 10N, -n%' Qg arr ow

| ocat ed beg%%%a%)ﬁ(ehggg\? gctn{é\)lel? ﬁ%%%dddﬁ‘éﬁ?%usts}lg% e |h&§+%@3§g§as t he
crank 622 af2RA imthk chevrol2@isloo 00, byeperbBon of a powerssourve (e ildhstratod) that
directi as . indicate the arr uperj npgsed. on the ¢ K.pin. 622A, as
cont | nubtl prostsBing HegRig Nk iRt il AL Bl 8 Ber e T RatR e |
630B and | opitHeyeloRat 6318 aridahé aficepinloe s paeffedt ecirdspbddiAg agationssf thdie needl e
50 and cause the paw 618 and the needle 50 to rotate in_the clockw se

direction, &@nk A2 and g crapl Pim@22 dlamayementaidhe Serlopidiogryn thave pawl 618
and the necgigioh of fedin® MudfCPMITCURI 1 1ESEARE WahR pfil 20 {oQian@AEOUNd

the inner periphery of the disc 610, wt needl e ow ng the fixed
way or gr oothe covatercRekwiseipiypt sisle FlocyrE 6886, praducing inyvastogemertred thehe cr ank
pin 6224 beg:;vpl é llgeaway from contact with the needle 50, as‘illustrated by the arrow located at
the base of the chevron cam slot 630. This action of the crank 622 and the crank pin
622A also effects a clockwise movement of the pawl 618 as further illustrated by the
curved arrow below the pawl teeth 618.
As illustrated in FIGURE 179 continued rotation of the crank 622 and the
25  crank pin 622A in the counterclockwise direction as indicated by the arrow on the
crank pin 622 A exerts a continuing force on the counterclockwise pivot side slot wall
630C near the bottom of the chevron cam slot 630, to effect additional clockwise
rotation of the pawl 618 in the direction of the curved arrow located beneath the pawl
teeth 618A. At this point the crank pin 622A is néaring the distal end of its circular
30  orbit and this movement of the crank pin 622A moves the pawl teeth 618A even
further away from the needle 50 in the direction of the arrow at the base of the
chevron cam slot 630.
Referring now to FIGURE 180 the crank pin 622A is still in contact with the
counterclockwise pivo't side slot wall 630C as the crank 622 and the crank pin 622A
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| ast quarter of travel in the distal direction in clockw se rotation, the
crank pin 622A contacts the clockw se pivot side slot wall 630D of the
chevron camosloess4+630 and 25 applies pressure to begi n novipag/usee3pem 618
inwardly in the direction of the arrow beneath the base of the chevron cam
sl ot 630 and di sengage the pawl teeth 618A from the needle 50, causing the
pawl 618 to nove in the counterclockw se direction, as indicated by the

arrow beneath .th awml. teeth 6 7l t { hued
novenent of E‘ﬁ}ﬁ’enug f (grrﬂzat% ?‘?&lg § 8“‘%%@105 F\é'}r?éﬁﬁﬁé%& dr% dé@&{ei%r? ?’tsthé 812%"50 kwi se

di recti on asupefidipoaédch thy ctdik par 6224 suthe chevpaseain sloe630The drankexkgr t
pressure on e.cl ockwi se pi.vot .side. sl.ot wall 630D of.the chevron cam sl ot
50" and movE2bhis TP BEPPHIRH i ST I REPIE B SRS RNLLAA et on

W thout  copdRfubd® rbit neRStRInRPelodénikdirsclibe to conttud\ P 3meET4he _
PCT/ US02/ 31764 As illustrated in FIGJRE 188 the crank 622 and crank pin

622A conl i np@wk @l &igttke dogkwisadirectiprianiilustrated dyttheenrved arrw benegthghe cam sl ot
830 A : .
as | nal ﬁﬁ%ﬁ‘éaﬁ%l?ﬂg%gg gt%gpiﬁfl?&l@%@ 810@6%1%‘51-(%&9 ad Pﬁsﬁét&%w se

needl e si de sl ot wal egi n anot her cl ockw se
i ncr enent at therarofv lohaedbenieath1Be basd ofl tHiewahevror careattt 8050n tis confighmtibho€d way

Chat sel ect i et 8924 Beg SR ARLE dpe bsbll &k BURATFERD SR otkonlarEwith 652 ana
the crank pihe re@dé 50 das ROths dvenivardanovedsdno ofithe pawper Bfacititated by the ppvngaged

drive bevel gear 631A and pivot pin bevel gear 631 B, effects increnmenting
of the Phw PESPIHIE driving of the needle 10 50 in the opposite clockw se

or counter cl ockwiaggirhRakh PIGURE!NRE ofireCfaWis e FEkW2 anf@Ke Qinit pig di sc
610. Accordingly, continued rotation of the crank 622 in the sane

di recti on relZXasentinunén peaountgalgckwiseratationasdadieatedby the e Jupeampesed

rei ncrenment| 0 t L0t | i i for additional
contact wi thg%gn%mlgréi@?%%ﬂg?@&%g&#g%Pgﬂgg%l 1Tr1]oex¥ gééﬁt%ﬁ%ds @di rection. It wll
be further epmtercloektveide heedin sdagioiswab63A ofthe chdbork-taaBURIBE6AT,8vHIdB of t he

drawi ngs_t hat. t he. needl e | s thuysly caused to.conpl etel raverse the
[ xed WEy orcignaBives BepesT Olhipnardl 1 15 iiretnt REReaRPECENGHD lrpeseor
peri odi cal | thetchevBh $8mlsite 680,36 feraPtRPawl feefild 18AEIntdofitbew RN tRHeEAIE 50N t he
di sc gap 605 and the needl e gap 605A, as illustrated in FIGJRE 177A

Furt her mor e(nogjlistated)e Canfinuediprsssaragxsrtgd en gigrcopatersladswissteedlesidesiRihout
the curved i i aPH i i di sc
cover 611 alrﬁﬂ]t8 EQAggé}%e%ﬁgﬂog%%lﬁ%& tt62g%8itﬁsé;&out e? 63/%16‘%@‘066%2%5 ?l%/e %ﬁr‘]‘ﬁ be
carried t hrelfynd the nealles) wl meve inrtkeicauntearéleckivisedigerpios @S indicateddyrtbedl e 50

D5 RSk RERLH A bl LB B IR o Rt Al o
- seated on the needle 50, the needle 50 is also caused to move around the fixed way or
groove 604 in the counterclockwise direction.
Referring now to FIGURE 182 of the drawings continued rotation of the crank
622 and the crank pin 622A in the counterclockwise direction as indicated, causes
25  additional pressure to be exerted on the counterclockwise needle.side slot wall 630A
of the chevron cam slot 630 to continue the upward force exerted by the pawl teeth
618A against the needle 50 and counterclockwise rotation of both the pawl 618 and
the needle 50 as indicated by the arrows, respectively.
As illustrated in FIGURE 183 of the drawings the crank 622 and crank pin
30  622A have continued to move in the counterclockwise direction and extend the crank
pin 622A to the distal end of its circular orbit, thus momentarily bringing the pawl
618 to a stop, as illustrated by the position of the crank pin 622A in the base of the

chevron cam slot 630.
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operation and easy cleaning, in that the cover 611 can be quickly and
easily renoved 25 fromthe disc 610 by renoving the attachnent screw 620B
from t he wodenbssiuang pivot pin cap 620C to facilitate acce®sTiusor/bepaw 618
and the chevron camslot 630, as well as the other operating and fixed

el ements of the device. Furthernore, it will be appreciated by those
skilled in the art that the pawl and crank device 600 can be designed to

facilitate removgl.of o } tS S i ' 0 .and thus
50 the pan ' 615, Rerms R LRI SIPERNR, SR s bt {RbeethluBe B, o
drive trai nand thechanttiphg622re attrdaveedbe vathte gie e chdkiviserdirettien Py seotrspi n bevel
gear 631 B, as well_, as the . other caonponents.of the driyv stem. as

desi red. NbPBgHE ofthe rapectisE ORLF PRADS. B HeEblch el B EHRSe S8 [ n the
art that thgea) pédi6baAiang thepitét fisBevel ket ioh ab §lustitedh BUREREN71 S

exenmplary, it being possible to provide other articulati ng desig&z, 115 WO
03/ 02854% PpIFAtyso3/1Btinky exegted agaiastthecloplarise aeedioside slpt walk 6308 efithen FI GURE
160, which SAUAl b eBink Bi i Walol i cul ating the disc
610 with reg%eg'(r:t to %lﬁte@:)d; raHéng }.nm 284&%991{@&103&%@%&% will be
further appswetiatpesediherchmse ilbkstrateddn FIGURE 184t Thisactiah foroesghe pawliGigl e 5

paw is shown in,thi.s..e i pent  of .t inveption, a sys f. pawl s can be
utilized t@%ﬁﬂgn?én@gé}?gg% nghaerlrroyc?té%e%%sfa & gﬁlgfcgﬂ{gn 8%‘5isi°§.%@d?d%ex anple, a
shorter thromitadt wethahe neddld Skesuthilthiat thecpapd éetinolEempaps thandedlasoover pawl
profilei0 tQget her wt can nake

. shorter crank, pin of fset -paraneter
possi bl & mu Wlﬁgéelbtmsg&r é%ﬁ%ﬁ?@%\%?gﬁ‘e EHRIE @ﬁé agaifpt the FlOgEwIser ea

with the neggli sidddbl waANgl 0P RS Héde @o%@raﬁ@ﬁ ¥Ro fétcddtht Bawl 61153 tRE acenent
of the needl e-engaging teeth closer to the ends of the fixed way or.

groove. Eache (4 togatate ipdbe cleelrvisy direstipnyasiedigated by theyarrgwslepaiedit e cr ank
shaft and i Pglﬁg shafts or a central planetary gear
arrangenentgé(::l{a}ﬁﬁggeh I |§g§??}(§' power such mechani cal configurations.

Al ternatively, pAsitusebtedtin FEGURE!ISfentie crakoid2echdicrankrpim pp2 o pontatue manner ,

can al sp_be utjlize nder. appl i.cati on,.of electric 15 current to advance
Che Sl afs Detafatae il SRRk RRetRas filihed ok gy SErE PR eE! ehfhd'S “net
upon the paglaniepinGRRAS as édiitisued m?émm@ eRerfBAGdpaItisCak Clockwsk npddlesidé sloee t 0
the outer curvature of the pawl teeth against the needle, It wll|l also be

appr eci at edWBY 63¢1hgadicinty sangnpeta forsedhe padecth Shda agrigfidhe aedisP G and; he
cover al mechant et RSl MIEHEREtde 30 KPRLE I RRGIgRRYRE QARARR, ipafRicane ©
preferred ebptdiindipated afowheAtqovdinglyothe pawkt eand thegesdldosiraddiowe, it wil |
be r ecogni 26t 8¢, HAURIRLRQUeDR: B AHE iRFLLASRY S¥ihe BRY 6V, Wi " the
needle following the fixed way or groove 604.
Referring to FIGURE 186, as the crank 622 and the crank pin 622A begin the
last quarter of travel in the distal direction in clockwise rotation, the crank pin 622A
contacts the clockwise pivot side slot wall 630D of the chevron cam slot 630 and
25  applies pressure to begin moving the pawl 618 inwardly in the direction of the arrow
beneath the base of the chevron cam slot 630 and disengage the pawl teeth 618A from
the needle 50, causing the pawl 618 to move in the counterclockwise direction, as
indicated by the arrow beneath the pawl teeth 618A. |
FIGURE 187 illustrates continued movement of the crank 622 and the crank
30 pin 622A in the clockwise direction as indicated by the arrow superimposed thereon,
to exert pressure on the clockwise pivot side slot wall 630D of the chevron cam slot
630 and move the pawl 618 inwardly and in the counterclockwise direction without

contacting the needle 50, as indicated.
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t he appended clains are intended to cover all such nodifications which may
fall 25 within the spirit and scope of the invention. Having described ny
i nvent i orweioBl2gske particularity set forth above, what isPpcalsoreded s: 116
WO 03/ 028544 PCT/ US02/31764 1. A suturing device conprising: an arcuate
frame having a groove, an arcuate needl e slidably disposed within said
groove such that the needl e can selectively nove within the groove, the

meane. di sposed whbHiralaian FRaRE e Fa8 B2 it e B P ipda o
the arcuat erdigedh e chdtitwasedidewiorBANS clibivedns@tslvi 630 a3 ihdicatéd Byrthe t he drive

nmeans coupled to the engaging %s for  sel ect|veI[y9F }\1 8 the needl e
around the &8V & appIoah capigctarith thg clackwissagede side siot wall $3PR; whemdt gr oove.

2. The sutugjinged ﬁ‘éhﬁﬁer@lo&@éﬁhére%ﬁtraﬁbﬁoﬂﬂg %Qéﬁﬁﬂﬂl&fﬁ%ﬂﬁe hé&qf 5P
adapted to engage the exterior side of the arcuate needle. 3. A suturing

devi ce cnphi thediged wapor gepoee 6Phped frame having a groove, a sem-circular

necdle di sposed i e BANEn o BofSAGE O ABRINLIERRS Ui sposed

within the groove T0r's to nove in a first
di rection, emthtacldckwige amhdecmls@mamnwftlim craisab2p gﬂahe/erank pm GD2iAve neans

bei ng coupled to. the enga nmeans such the C veI anes
o ond_of ¢ PRI E COTTBOSIBY PREB o F Srapeed Bve b eLkrE P LS SUREL o

claim 3 furpiesevel 631IB) ®ffecHaAQBR eird T tHEYawIB 183 H e vIRITSheheRRS ed

wi thin the groove or selectively urging the needle to nove in a second

directi bh. nrthe oppesite ickgkyisgiox eoegeretoakwu dirgctipmin gheddxeddy ayPrarenvia
further I Qi of the
o cuate 11 aned L6 dRe SO RRChr Bl ol nTRRAO (1AL B 63 2 ARE R0

sut uring. 14&6&@@@#@283&49@(36’ 1 mom/tbiﬁmle H) anthfgcifitatesrreimgredentiogofis

claimed in gay. of eeeedl g clah MANLNSL . SOMBG) SEO% BindbLPELEQN PRL! I N0

neans for |ng |re |on [0} nmovenen
needle 50 in the first direction. It will be further appreciated from a consideration of

15 FIGURES 178-188 of the drawings that the needle 50 is thusly caused to completely
traverse the fixed way or groove 604 of the disc 610 in either direction and to
periodically traverse the disc gap 605 to suture tissue extending in the disc gap 605
and the needle gap 605A, as illustrated in FIGURE 177A. Furthermore, since the
thread 50A has a clear path to rotate throughout the curved length of the disc 610 in

20  the opening defined by the disc cover 611 and the overhang 616 of the disc outer wall
614, it will be carried through the material sutured in the disc gap 605 as the needle
50 penetrates that material in the suturing operation.

The pawl and crank device 600 is characterized by convenience, ease of
operation and easy cleaning, in that the cover 6141 can be quickly and easily removed

25  from the disc 610 by removing the attachment screw 620B from the underlying pivot
pin cap 620C to facilitate access to the pawl 618 and the chevron cam slot 630, as well
as the other operating and fixed elements of the device. Furthermore, it will be
appreciated by those skilled in the art that the pawl and crank device 600 can be
designed to facilitate removal of operating elements such as the pivot pin 620 and thus

30 the pawl 618, from the interior of the disc 610 and disassembly of the drive train,
including the drive bevel gear 631A and the pivot pin bevel gear 631B, as well as the
other components of the drive system, as desired. Moreover, it' will be further
appreciated by those skilled in the art that the articulating joint 633 illustrated in
FIGURE 177 is exertlplary, it being possible to provide other articulating designs,
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needl e. 7 The suturing device of claim6 wherein the direction setting
means i s disposed wthin the arcuate frame and the direction setting neans
conpri seswoasfessed way neans for supporting and aligning tha/usepsizes the
fixed way means having a resistance nmeans to prevent the needle from
noving in a second 5 direction, a novable driver means slidingly coupled
to the fixed way neans for urging the needle to nove in a first direction,

t he novabl e [ [ i ' . needl e
to move i n S ee RS 2 MsSabeR SGHIEE 16035 e bR T

t he novabl emdniputating @nd Thieuktihg therdjscdelVi with sespext & thie dpenatiagymp6 It eftte ng
clain1furthﬁr.conprising a drive circuit .nmeans for driving the driving
means. 9. TA®'SGturing device of claim8 wherein the drive circuit neans

conprises: at | gapill RTarth&apprRbiaftd byRBske skilealif thetaet thialMbhiged siap@ns for
pulling on the  driver, at |east one pulley means coupled to the_tensioning

means fot kB iRghewein thisearhodinem 9f mednventigngniysteanel Rawls eanshe Wiliged
advanci Ng NeAGHaGQURKEL cthQraEﬂ%ﬁsﬁc‘%'?)?k}i%rﬂe@ﬂ:efr?@f‘é%atn‘gﬂe,_saeéh fibd thRwat AR | 1 NG
the tensioning neans. 10. The suturing device o0 aim9 wherein the at

| east one adf/thamiulgplepawbmoryements swsknagrontes phwhprefitey, tegethenwith shortstf bosses
di sposed ar qu itsecircu enti ne.a trigaerin ans.for

acvanci ng. t HEng pir L pATEITEb e pOERTs AR bRYPASHEBIR AR ¢ e
bosses ar ouexpahd thepued lcontactaesn WwiletHearsdlonAdditivaalymwlocdndlso dehe to5 dri ver.
11. The_ sutyring device as. clained in.an rqceedi ng cl.aim further

conpri sithg TP PlaCETER e ARSI crgreipg leth pierdp PHEnSS o4l 64 Xi%or 118 vio
03/ 028544 PeroVS0RAGHaftiondoawT i BpiddNly B8 deloUl BPa Sépasdi bl inaiigiae n L he

articul ation nmeans_being sel ected fromthe group consisting of a ball and
socket | oi npin aad dedppendeatishadis r a gentegl plan¢tarysgear arrasigamen g de uiiizedrtge

sut uri ng dey) 66 <t ot dMichd odiidulfon€ ARGy, HeA Sl ALE A oNt 1 O!

means for adjusting the articul@ation neans. e suturing device of
cl ai m 13 whgroeped inhwa apptapciateananmer, camalsobe nelaed undet dpplicatmombelests:. a

tensi N N9 THEN toczg)d']vgrllc%thta 8avtv St p%(av(fsul%; eexp];rru?igg in f%plgth with a force sufficient to

act upon the pawl or pawls, thus producing a mechanically multiplied force to the

outer curvature of the pawl teeth against the needle. It will also be appreciated by
those skilled in the art that power transmission to the bevel gears ard thus to the pawl
. or pawls, can bebprovided by any one of several mechanisms known to those skilled in
20 theart.

While the preferred embodiments of the invention have been described above,
it will be recognized and understood that various modifications may be made in the
invention and _
the appended claims are intended to cover all such modifications which may fall

25  within the spirit and scope of the invention. ‘
Having described my invention with the particularity set forth above, what is

claimed is:

116



a ball means coupled to the tensioning neans such that when the ball neans
is 5 rotated the tensioning neans pulls on the arcuate frame to adjust the
posi ti on wh oless4ar cuat e fane. 15. The suturing devi ce asPciraiSomgi7eh any
proceeding claimfurther conprising a thread pulling nmeans for pulling the
thread during suturing. 16. The suturing device as clained in any
proceeding claimfurther conprising a tubular means for housing the drive
circuit nmegns. 17. The utur vi.ce of claim 16 further conprising a
handl i ng’ maslans c u‘ﬂ)tFIé?ig ?v(%cet%%n%g "ar neans for positioning the suturing
device. 18. The aaukduatagamiehivieg ofroany, of the above claims, wherein the

engagi ng neans conprises nea ed on a rior. side of
the needl e, an SPFERHP ﬂlgag&@éﬁ@p%ﬁegmggagaﬁg@m? ﬁ‘fcglrtﬁ%rtﬁ%?"(fglecﬁant he
needl e, suGhlebially mev¥kigihid e gRIMFBJIAR ARMANSHRIRIAOMelahxRABELife aiaredge of
t he bl ade neans engages the exterior side of the needle, and an edge of

t he opp@&si nefenPrside,neans engages the interi or side of the needle. 19. The
suturing device gf, i ectively
bend t he bl ade cag’usgé%ﬁ%@% 5 di oE %ﬂtfeil(r?llgrgg{def§ e ngg%ﬁgénéfl%g%%ﬁ%&}) {\’328544
PCT/ US02/ SJsmébftmé)arcuhtsmadta,agd deV| ce as clainmed in any proceeding claim
which is made fro nmet al ,.. pl ast rdr onbi nation,of these
materials. 21. R‘g]l}'ted??aﬁﬁdﬁg?ﬁea @ﬁ‘b@’?meg}}}efcrbvleé?%ﬁcw eéjitﬂtﬂ&eescrl bed
above and iehpaihg te@ih fot Selédivelgeadninaiheinegdld afvhd e grdd and an end of

10  the needle out of and into the groove.

2. The suturing device of claim 1 wherein the engaging means is also adapted to

engage the exterior side of the arcuate needle.

3. A suturing device comprising:
a arcuate shaped frame having a groove,
a semi-circular needle disposed within the groove,
a first one-way engaging means disposed within the groove for selectively
5  urging the needle to move in a first direction, and -
a drive means disposed within said groove, the drive means being coupled to
the engaging means such the drive means selectively moves an end of the needle out

and into the groove.

4. The suturing device of claim 3 further comprising a second a one-way
engaging means disposed within the groove for selectively urging the needle to move

in a second direction.
5. The suturing device as claimed in any proceeding claim further comprising a

thread incrementing means coupled to one end of the arcuate frame for incrementing

and controlling thread used during suturing.
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6. The suturing device as claimed in any proceeding claim further comprising a
direction setting means for setting the rotational direction of the movement of the

needle.

7 The suturing device of claim 6 wherein the direction setting means is disposed
within the arcuate frame and the direction setting means comprises:

a fixed way means for supporting and aligning the needle, the fixed way
means having a resistance means to prevent the needle from moving in a second
direction, '

a movable driver means slidingly coupled to the fixed way means for urging
the needle to move in a first direction, the movable driver means having a resistance
means for urging the needle to move in a first direction, and

a direction actuator in for controlling the movable driver.

8 The suturing device as claimed in any proceeding claim further comprising a

drive circuit means for driving the driving means.

9. The suturing device of claim 8 wherein the drive circuit means comprises:

at least one tensioning means coupled to the driver means for pulling on the
driver,

at least one pulley means coupled to the tensioning means for keeping the
tensioning means taught, and

at least one advancing means coupled to the tensioning means for selectively

pulling the tensioning means.

10.  The suturing device of claim 9 wherein the at least one advancing means
comprises a wheel having a plurality of bosses disposed around its circumferential
edge and a triggering means for advancing the bosses around the wheel such that the
advancement of the bosses around the wheel causes the tensioning means to pull the

driver.

11.  The suturing device as claimed in any proceeding claim further comprising an

articulation means for positioning the arcuate frame.
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12.  The suturing device of claim 11 wherein the articulation means being selected
from the group consisting of a ball and socket joint, a segmented neck, or a universal

joint hinge.

13.  The suturing device of claim 11 further comprising an articulation control

means for adjusting the articulation means.

14.  The suturing device of claim 13 wherein the articulation control means further
comprises:

a tensioning means coupled to the arcuate frame, and

a ball means coupled to the tensioning means such that when the ball means is
rotated the tensioning means pulls on the arcuate frame to adjust the position of the

arcuate fame.

15.  The suturing device as claimed in any proceeding claim further comprising a

thread pulling means for pulling the thread during suturing.

16.  The suturing device as claimed in any proceeding claim further comprising a

tubular means for housing the drive circuit means.

17.  The suturing device of claim 16 further comprising a handling means coupled

to the tubular means for positioning the suturing device.

18.  The suturing device of any of the above claims, wherein the engaging means
comprises: |

a blade means disposed on an exterior side of the needle,

an opposing blade meaﬁs disposed on an interior side of the needle, such that
when the engages means engages the needle, an edge of the blade means engages the
exterior side of the needle, and an edge of the opposing blade means engages the

interior side of the needle.

19.  The suturing device of claim 18, further comprising a means to selectively

bend the blade causing the blades to engage the needle.
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20. A suturing device as claimed in any proceeding claim which is made from

metal, plastic, or from a combination of these materials.

21. A suturing device substantially claimed herein described above and illustrated

in the accompanying drawings.
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