WD 03/ 028541 PCT/ US02/ 31487 APPARATUS AND METHOD FOR THREAD ADVANCI NG
Background of the Invention Cross-Reference to Related Applications This
appl i catiwo wloassas t he benefit of and incorporates by ref ecanse2/3ps? or
filed co-pending U. S Provisional Application Serial No. 60/327,704, filed
October 4, 5 2001. Field of the Invention This invention relates to the
suturing of surgical incisions, wunds and an ot her_.j o] nj or fixing of
ti ssue in general AER@QEUSMW&OQW@REMM\%ANHIQ% sut uring,
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 sur]gicgg!ou%%@g%\%ﬁ-&? that of limted access of
t he surgeon's hands, as wel |l uturing inplenents, into

t he i nci si @rowrReferenck to RulgedApplieiohs anplified under circunstances where
del i cate surgery,such .as. heart, brain d,spinal 15 surgery, as | as
surgery on inf afyﬁlbg aé)ﬁgcazwmcgqx@ﬁ ﬂi‘esbe&ﬁ@teo%t%&ﬂ orRArA{ER bY FFggrfﬂglegPE%ﬁ f‘{ﬁér eas of
interest i RYYeNEnFUSIIoViSRhLI L5plickBdtySéHal BioC80/327,00£0E€SctoBat4, Wwoul d

ot herw se be possible on adults and children are inpossible due to the tiny
oper at i fig 299& ds and nany conditions that m ght otherw se be corrected by
surgery ar ;4 06F L hfentisRNsi dered to be inoperable. The sane situation
occurs und ces such as 20 suturing within interior and normally
i naccessi bl e ar &his infention rélaty fo thaevtaring oksvogical igcisigns,avounds hnd anyes and/ or

i nstrunents_can.access_ i he areas_an rovi de ecessar i cal

ol ef - Thete GESERE Byaye e derh Soflf g Boekfes JREBRIBNE S N ¢

i nvention issturifigJoianecortbinding bfissae fuugsica lpraaetiuel iy olvidg verypaallj cul ar, to

facilitate access tQ very. 25 s I orpally, but . not limted to, .
| bedli brBnEd aEoRerT RO Tble i gt ions B is in gkl FateotoRiyal

cord, as Wghd n@BolPRYERhInANAlerP! ORESHHHE ProblerhsWvBithSs infheredt InGWarsur gi cal
relief which has heretofore been unavail abl e by conventi onal surgical

t echni ques surgiel prgesduees ipthat pf kmited egeeisod thessusgrangdiaads. 28 vellyas 4 ar cuat e,
[1xed, oroquat. fia 4A6RRS RIS G HIREsT0] of woRhaCTRANIbEIGY, Conf | gured

support frame nounte I cudlati on on an operating vi ce and
capabl e of amptiiedumdpr airciohsténaeg whererdeBchtnsegéry sich selbaw, bfairg and spigetlh  of

t hread, _Frictional vices are.provided.in the for .selectively engagi ng
LV 85/ 05585Y BorrlESFE6n HeRs gl el iR R R SRR o ovat o
in either dicaeetintest Givobietminnftfeatum® UMiny 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 oceurs under circumstances such as
20  suturing within interior and normally inaccessible areas of the body, where no known
surgical techniques and/or instruments can access these afeas 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
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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 wo icoegs@nents in the operating device. Needl e dircaatSonsran) 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 thep¥gkq 'laﬂdth&‘siIF R 0Bl e RS RIS i MithBr RSHRBE Yol QundriMe LR&IRL | NY

device is typically facilitated by means of cables connecting the ball or

uni ver sal , whidi ean-bemparated With mefficienhforgedy ag aitigulated giate] dhese fpetdatatied on t he
operating device  _Accordinaly. . af | . e | y in one
or both di r(% C:é:soa‘r{g recsg(?‘]ns[l)ee tfgnép?&el%ﬁogndé fg{%ng%snﬁh%%fta ieg%]rﬁ%r*@?{]c:o%é%%?%%” ate

di r ect i onalin &rcbperativig deyies.alNeedle direstivntadjusting tlements eambisobe gawided,in and
articulation of the frapme, and thus the way_.and the needle .in concert, by
mani pul 3t i o Bme HE slevivenAURFHREIBe ARFaiNg ORGSOt GEopReng the

i ncr enent i REpERCERAGHat BAriaSHR Fdn&%@t@@btiﬁ%%édl@@%!?eéﬁé@ﬁto&% slrad@yi ces
can also be utilized in cooperaftion with the operating device to

facilitat e device istypicabntecilitefedhy mesng gf aables ponmeeting the ball vpupiEeisgle sut uri ng
knots as t g 84 Fbah BG:d i I i.ce and the
rotating n @crﬁ{él%ﬁqi%% cur\}&ég %)dﬁgr%féug@é?%ﬁa%g%dgg@g?I%Jéé#gﬁq%gicg'upport t he
needl e fromeodingly, retatiomhEthetnieed]n éwddngentallyiin onber bothrditenigonsesn bé on. The

arcuate,.grogved, or recessed .support . ds.shaped. i.n such.a manner as to
ot ovi 040 naeFd B BRIy «c PR R Ao BRE ol OBl AR i o

| eavi ng t henttporkatingalediceoatd BficlQGRSH thd BaAt,eaddius thbeal apd te debdle di sk of
rotation open to permt, passage _ of the thread around the way _ circuit

) g
traversed BYCosertyarepyatienf theldsyss pn theiaperating dgwcsn asipudthreade needl e

support  anghhiMoShi BehdR actbdsorfids &l hOH/aMtbIkAGbi-BEnd BERES cah BlsgPP! i ed
by means of the frictional devices to the needle at "selected |ocations on

the way. Boemtilires incedpasationowith theraperatiagdeviestoferilitaie pelliag.apdlingard a
correspendi 0{%'13 4] S : ] when t he
needl eq?s éﬁg%g%ﬁlﬁtrﬁﬁgg&cfbr cu ggﬁ%gyﬁi%ﬁﬁgaﬁﬁegﬁflﬁsﬁ%%ﬁg%ﬂ%ﬂ% p%lreopri ate
oper ati ng opeptneddviccoande¢hereatirg neediehe oper ati ng device, the needl e

passes through tjssue ich pratrudes intag e gap_i.n the . Fyrthernore,
B hce the tredte civstonamulle Homas SonsBied '8 e e herid B 14 ne

needl e, i nehB@heRER REdIZ% Mthé ktaftfiisl poRition NERE bR e igtsWVed Of rdcesstdie case of
bi -di rectional need| e operation in the center of the needle, the thread is

drawn behi SHPROFEV#EiE §haped dn suficp mARNe 3bte Areyide the qoprespomdingly-phyped t ne gap

and t hpgug i I l oy the

t hread ann ﬁg%ﬁﬁgﬁt?égé@g gés\}\lnb P ﬁﬁt ﬁm’tﬁﬁé&‘\k’%ﬁﬁ@?’g ﬂté@ngrp 3{6%2%%8\% Stélr}lg)ér:gt he tissue

t hrough  wihethp ofithegleskddfgotatidn pheretadermit (rssagd of fhe thivad appané theawdyon and

entrapnment s . - 3/ 2 4 esS|

enci rcl emeff irgmg)&‘!segs\géﬁrrg’ i tﬂée %ggd %vgg%&lgiﬂl%}’ ﬁgggg rti 8{2 %%fgzyt A ?{e §?e%f%§‘f’l° %r‘r?ead by
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 cbmponents 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 aﬁd through the tissue as the needle traverses the tissue. Although
the thread cannot be trapped within the way, it is entrapped within the tissue through
which the needle and thread is passed. If this penetration and entrapment is followed
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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 tigwDoanesswi || bind in the sane manner as a conventpiCareo2/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 i nventphyQicdeisife dcitblei@BtsQfr séé?ﬁer{té 8Ethe %‘ﬂﬂ;ﬁn@%ﬂmﬁ JrURY 8Fhb PRBhd BEW NY
and knotting techniques. Various el enents and conponents are provided in

t he oper at ithfgleading pertion or berdpadithe thoeadwivheretibioinadlie needle, rrdhatithanand t he
support fr f I r L } th
directions %rgg%t%glﬁg %eéﬁg '(S)é’ %ﬁl i aéﬁi%gisf@ﬁﬁ%‘%’ ‘Y’hﬁ%ﬂ %g%pgﬁlfl@ tg%\t/ ?Ig‘gw B%?c al of

t he needl| eidthesemd@vinaasasiacoaverewihlesutigicalbrtiaidhoa Mis significars ¢hdt@ll of set ti ng

pl ate conbinati on nounted in the su rt frame, .such.that the drive

B et | on R e TORaHIE Caslim SRR ey BE Rdin POn HEdE PR W quence
by the cor begRRBOS PRV aitiohdn Q fRIYEDA Sf B R TRQIILA Sy dohveditonaper ati ng
device to set_the direction of 15 rotation of thé needle and then drive the
needl e i n seMNZ@Nd kpetting techpigeetond drive. mechani smincludes a rack and

pi ni on nechani cq},,. j : : a.tN one
direction respo(;,lk}saln\‘fil/’?alg ?@%ﬁ%‘%%’%ﬁf’%’%&ﬁﬁ%@ %&g}daggylﬁglefg\gﬁélggﬁ%?ﬁlwd drive
mechani sm icoeperaton with the ptay, themkedle bhdthesupprat frame &reffscting motation ofr ane by

mani pul ati gn of .t he oper.ati evice to.engage.the. bl and_operate the

b1 ade 11 » BhRegiodt pBESTRIA B it S Spb B g il o e ASlCT Py ©
drivi ng nedbwibe. sTypiedl of diegiesdle diive dadedl ie atheedle anesr aad akigivedirectiona sel ect ed
direction is provided hy nultiple, fork- shaped bl ades fhat selectively
engage t hes?f@_ plats ‘"é’é‘ﬂ%gféioi}én?‘gﬁ‘fé{ ’_&rt ?/@J@Bﬂfﬁpa&éﬁv ?‘tcg tﬁ?fﬂéﬁ‘ g‘i%“o‘%f)‘%?“t”ﬁe
operating dauhg plate'@id RBAE Hﬁ{feﬁhhylbé‘&aﬂ?ﬁfh@é?! iﬁ@éqdéﬁé&&eﬁle%oﬂk?&ﬁaﬁgy wheel
and gear mechani sm operated by a pair of bevelled gears that drive toothed

25 rotors Pperaéngelgnagfs aneprapenenisdn threoneeatigaleviae tmsol Bresdirection af
arrang n i : .0t raiing device
in but i%nrgt }(ft%t)rrn&% (g%h% geﬁdﬁe?ds}lagg%ﬁ%%@%tﬂ Qéo%ﬁét tielgtladr{%gtrll(?}' o‘ﬂ.%e ngt {é’% enbodi ment
of the neediechanmism indlwies @mackrand piriow enepkaiicah agsmgemehiubietstypicall emiobée r ot or
t hat sel ect,ively engages t.he needl.e and i s drj,ven respgnsive,tpo operation
of the ope RTSYCaB IR Ereckpn FEDaNS 1B orgrign OFERRRFERE 36 P AR ng t he
needl e t o HfigyflctianisheintRiled Mmultipl@fdrkelbladdsibat ré@rtwitlih @t f@neby i s a paw
and crank device whi Cg'ti ncl udes a paw m)ualt(;hcli in the frage aBd,a
cooper at | ngranguEienoh e perEisedavige (2 epape thediade apd oppratepanpladeing f ect
sel ecthye  eL6aeLAREL 0R by itens BELEForPYatd NEnORY drivee ReaRRishPiR bl the
needl e in the way by manltgul ation of 'the operating device. Various
operati ng theuieedls torirgvesse the way e g selectpd disection ispravidad by fawdplefodd 03/ 028541
PCT/ US02/ 314 i iV j i .5l ng the
reedl o ar Ou}hnag%g Rlé&d\%\g@fsgle{cﬁgaﬁ Chiate (AL hRIITRERANVE IPa BtV {fuPUEHEL

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
cconnects 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
o 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

-3-



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 oa/0g8s8uri ng devi ce 5 which includes an arcuat e pCmarse2/bagi ng an
open groove; an arcuate needl e disposed wthin the frame and seated in the
groove; engaging means disposed within the frame and selectively extending
into the gragvf. Ie%?ecﬁ% Wﬁ%&’haﬁg%%flﬂa\; $E8YkEd1e aftfind tHd Way HBREOS

engagi ng the engaging neans for driving the heedle in the groove. Brief
Descri pt i oframk in he afficalatingysonoldGumnet, as hewinafighdesstibid. per spect i ve vi ew of
a preferred _enbodi pent of .a cyclical suturing and knot-tying operating
devi ce, geg%%air%ofuﬁfa&‘{e té%ng a handle; a housing to which the handle is
attached; a tramssdesnd othet ubectsofitiedflvannion atarmoVided i a/ottaling/devier i ed by t he
housing; a cable |ever nounted on qQne end of the transm ssjon tube for
Tani pulht | H b B K BATR TR HIRG B G BhEHES PRSPERFREFEn ¢ ube
and 15 conggintd (hg flamhelal@ séisd'AlBe bF RWE, enBagihg HRassMibdied Withld te fafeed and a
direction actuator nounted on the transmssion tube forwardly of the

handl e, whpehsebsatizelysxiendiogtine the gisevafng releasablyieagaging the ngedlesdt he t wo

cabl e circyj 1.C I bR firib 6L V, . An

ext ensi on ?ﬁ%%m\ég@lfsengggﬁféé?‘%%ﬁg?%{égg{ppos|o?gn{élﬁgt%f tﬁieeqltlrﬁ%n m Ssi on tube
from t he | Brief Dbsoription ofthe Drswmgshe arti cul ati on cabl es and cabl e 20

ci rcui and su an arcuat.e needle frame.or grescent .positjioned on the
end of hfhe ext Eﬂ@{%ﬁ %ﬁﬁé‘%ﬁldFQS’@P%tWS‘?%o%%F% © tﬁ]’ﬁfiﬁrheé’!t%% cur ved
needl e andcgdfifcaiCdutitthg 288 kibi-fighgQdperthguRvicesaaally dlisaathipes Airdds aof t he

| ever and the articulating and nee control elements of the operating

I ] l e
devi ce; FI bngto;whigh ﬂ’éé‘?‘n‘ﬂéﬂ%ﬁ@&g?%é tipngssien fyhs ByEted e cadlei ce
iI'Tustrat EQiJo&ltuP{%%nFe exeh@;)'ﬁ_% ﬁ@usgﬂuy;b& chHBlE tlc%v‘é%‘hﬁﬁhﬂéd bh LHS bARSS tE trhdnhiSsbat | on of

the crescent, Xt ension tube and the housing and housing cradle to the
left with tubsgecmanipulatieg srtiqulrdon cubirsrEtending thropgh thedrapamissionfeaande vi ew

of the,operating devj i rated: j.n..: %{ﬂﬁ& AR Ldirdehi LS a top
and Ie]f'f srde ef::)%rrl%{g)edé%i%\‘;{éit%/|ﬁ§%}vw’o1‘A ghdg%&'ﬁ)ééba I'ng aLﬁeew ceazdlg%hﬁrjﬁﬁgétro gt ed in
FI GURES 1- sounedenhe tramstissidnytubé farstrdiy ofife hastie, ovidcherteliids intortbeisver sel y

attached to_the first dle a inclydi ng an auxil i oper at i t ube
ext endi ng FP§#PE ﬁg@s%gﬁﬁe ﬂ’é‘?‘\ﬁﬂge fgo ﬁétﬂ?‘n P‘g%ts |“&'&‘?j’e§%s§ti¥ ﬂggﬁb"élé’é? y
attached t geddemoSERERE RN extchsdPHERY S8Rl A HdSipposildéhnd ofthéURE 5 is an

enl arged view of the crescent and the crescent-pount end of the extension

t ube ext entPRsEIpTioRTUbR &omy the doves Byrther enpheses fheagticulation cahlegp Ig 1-4,

20  circuits and supports an arcuate needle frame or crescent positioned on the end of the

extension tube for receiving the cables, mounting the curved needle and effecting
suturing of tissue responsive to operation of the lever and the articulating and needle
control elements of the operating device; .
FIGURE 2 is a rear perspective view of the operating device illustrated in
25 » FIGURE 1, more particularly illustrating articulation of the crescent, the extension
tube and the housing and housing cradle to the left with respect to the handle;
FIGURE 3 is a left side perspective view of the operating device illustrated in
FIGURES 1 and 2;
FIGURE 4 is a top and left side perspective view of the operating device
30  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

crescent;



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 5 facilitate articul ati @eeTafSor/BRsTr escent
responsive to operation of the lever illustrated in FIGJURES 1-4; FIGURE 6
is an expl oded view of the various fixed and rotatable drive conponents of
the crescent fOFI(F'URE'ﬂQaﬁt%ﬁaFg%ﬁ%é%v bPtht REesEER asEMe cAREe ML 80 t he

direction of needle rotation responsive to operation of correspondi ng

oper ati ng @ extamsiondwhesxtandisigdiam the transmigsiopgebeillosttpterbip BEUREGURE 6A is a
top perspectiyv Law, rtial ly ] i escent
illustrat eH‘OF%Sﬁfﬁﬁfﬁéy @ﬁf%ét% s%%?eedz&%%fﬁ% :886&?’&5[ Sl%(gjﬁd\%{' ﬁ’ﬁ%ﬁvﬁg&ﬁi?g way
removed f obalbtvlichtengage® heregeent saakietsd/motults fercadsbeny oh ke extaprnttubetoneed| e
driver,_drive, direction ttin | ate, .fixed di.rection.setti,ng plate
and cas® f@cﬁgﬁsﬁg "Wﬁnﬁﬁﬁw qﬁge‘{%cﬁ?qp\?ﬁ&e{ e%%‘)@hhﬁg%wgl}usgﬁ@ﬁ% 6B is a
bott om per spegkEya.-¥i ew, partially in section, of the respective blade

supporting and driving conponents illustrated i.n FI GURE 6A, nore ‘
particul arly i| FUSURES ipgn explpdedsdew s thavasionriinedkandgptatabiedsyeng directi on
and drive [ raf bk | La I j spective
vi ew of t hg&ﬁg(lér%?tes (grﬂ?‘ %?Qgﬁe@egl?\qggﬁ?éh%%ﬂg r%gg%ec%g?&ﬁo?ﬂrlgagg?%?%ﬁggél y

i || ustrat i digectionysnesnlofotation regpoasivé topgeosionsif pontésppudiog opereldnll e- engagi ng

bl ades, for sel ectjfvel enga in?g anq. drjving a curved needle seated in the
ar cuat €’ neEYPROH S\Pélﬁ,en}eggﬁgﬁlé 40855815t i on of various operating

el ements in t heFIGURE®A RQ toe perspactizd viewGphiallAin secopefspeeid vfthei ew of a
typi cal needl e- engagi ng. hl il lustr dip FIGURE. 7;. F RE 7B is a top
vi ew, par t PS¢t ﬁﬁls e M&%‘aﬁﬁ éllb_awmgie%&ﬁpﬁ%lifﬁ%%‘lvﬁb Q&oé’gé( V| ades

i |l ustrat eghph el 53 8REvity, mbPS FarBaullily Hhdfchitng the Wshédive ABedle BliRdeddayel on
each blade designed to'efficiently and sequentially engage the needl e and
sel ect i vel direhtionsetting phte, faed way idireetnn sedingaleie and paso Srsuspendigiangn; FI GURE
8 is a4 opdﬁ%@%c ' e%n\/e;%&\éz’ of one end of the drive direction setting

pl at e conponent 0o e crestent, nore particularly illustrating two sets of
spaced- apart, BDPFPOREGH ig-adottpmsedspentiradiiew cprgiiajlyrig skitmdesf thor sequential |y
engaging the -5 03/028541 PCI/ US02/ 31487 .needl e.a m ning the

di rection Beﬁp?c&vﬁtéﬁ‘}ﬁ SYRPOFHE Hd Vg %Wpt\%lﬂ{sﬁatggér} g??@ﬁ%‘%r > MMOTe

bl ade- posi pir@ibilady dR|faiign@bRsESERM derhéntd foe r@pin difgtidevhcéadved| GURE 8A

is an enlarged top view of  the needle driver and the underlying
cables in the operating device;

20 . FIGURE 7 is a top perspective view of the needle driver element of the
crescent, more particularly illustrating a system of two sets of oppositely-disposed
needle-engaging blades for selectively engaging and driving a curved needle seated in
the arcuate needle driver, responsive to operation of various operating elements in the

- operating device;

25 FIGURE 7A is a perspective view of a typical needle-engaging blade
illustrated in FIGURE 7,

FIGURE 7B is a top view, partially in section, of a pair of oppositely-disposed
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

30 the needle in the forward or reverse 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-

apart, oppositely-disposed, needle-engaging blades for sequentially engaging the



drive direction setting plate, nore particularly illustrating engagenent of
one set of 5 oppositely-di sposed needl e-engagi ng bl ades positioned in

bl ade growp odoessing 11 OB of the needle driver by the driweTdiSomst48Dn
setting plate, for driving the needle in the indicated direction
responsive to operation of needle-driving operating conponents in the

oper ating He¥ilEhd defdriduithe 81 dikcod motéﬁ%ﬁ/o'@ﬁletﬂ&@dleﬁa&?%swe t%gefafﬁohhe

needl e driver 108 and 10 drive direction plate as illustrated in FI GURE
8A, nore pafhladesbesitigning ppesatingtdomponents ybewnerating dewcessecond set of
opposi tel y-di sp | ad i I . ri i-rection
plate, for dri v?ng eg%nlge Iegl alg#%ttﬁgg%%%%fsjﬂh% }égﬁlér)%rg{e%rhd glg u}éﬁ%}?gg{éged,
responsi vedtive dipetiah isetting plate) monepattienldrly lustrathpeerab gangene bforerdes of n t he
operating device;,.15 FJGURE 9 is a nl arged hotio erspectiv | ew of
one endg] of OER?é“%I&‘H?pé’SG‘Lﬁ‘qeGPEF?ngW%?’b@?ﬁ P@%HF%@%&PB?‘PW%&@]& on of
t he respechf e nB&REiavanyard MivdditsdBon S@tise plate) batirivingtthe heedidia theedl e
driver for engagenent by correspondi ng openings. in the underlying, drive
di rection g@tqarq%gi@pﬁ%reﬁmw It QBRerAtiQTERf) needlelivirg ANSEAtNg COBPPRES B of
rotation ofyet gﬂﬁﬁgggﬁb.zo FIGURE 10 is an enl arged bottom perspective view
he

of the one end o %eedle driver and the drive direction setting plate,
nmore parti cul ar FIGUREWRR isattomyiew afitbagepnsiie end of the nepdlondvived 108 end endi ng

ends of,the.blades with the re ctd s._of rallel. am shaped sl ots
o ovi ai' 1 e BTl el s e RGBSR A Sle AR A B ATRE 0P, e

dri ;/ﬁ di reaig;[agémslgtotfiﬂlf@sebd)rgitﬁt :{bﬁ/oﬂ;i_oai_@k&ydiispe@dg! mmefmm' lm];eaile dﬁ;?gr bg&hfel 1(_'arr?ent S
in e operating device an eterm ni pg. the direction. of rotation o e
needl e; FI @J@dlﬁstlpgpﬁat%z?r%&g _ W?‘@%%'FI’GPHB?SHQQHF 19 3sUC4HY the drive
direction reggddstvadoBbatafod 8f the A&dd1QBAVIngPBRGHE ERmeAR e tHRAIpbiaGiEar | Y
illustrating a pair of cable nount extensions projecting dowmwardly from
the drive d¢viessti on setting plate and the 30 needl e driver, respectively,

for opprating tBestiREd) € o ko BRfloh RErGIELKR ALY, B8R0 itid APl ate to

both dri1ve the needl e "an mne t Irection of needle rotation,
r esponsi vedtierpperegtariieularty itlhgratingpaehsive of themrespettivg nebdrengagingblade

functions of the .operatin vice: ~-6 WO 03/ 028541 PCT/.US02/ 31487 Fl GURE
TR TS S IR o e e R Rl B S S P RE DS | g
pl ate, norgeRadédEbg aribydirdctivs béttihg pltd (ot 1ksipeed)itv detsghihe de disctbh el ogram

slots for receiyvi nog the projecting ends of the correspondi ng bl ades from
t he need| eoldpfafion of the neetls; curved tab cl earance slots for acconmodating and

oper atyng the tpRrGRE!I® S 8iarged bottom perspective view of the one end of the

needle driver and the drive direction setting plate, more particularly illustrating

engagement of the downwardly-extending ends of the blades with the respective walls
of parallelogram-shaped slots provided in the drive direction setting plate, for
manipulation of the drive direction Segting plate by blade direction components or

25  elements in the operating device and determining the direction of rotation of the
needle;

FIGURE 11 is a perspective view of the needle driver and the drive direction
setting plate in functional connection, more pafticularly illustrating a pair of cable
mount extensions projecting downwardly from the drive direction setting plate and the

30 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

.operating device;



5 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®si4gnot
illustrated) and mani pul ati ng the needl e driver by operation of the
appropriate bl ade control conponents in the operating device; 10 Fl GURE 12A

i's an enl arged peEURE N SRBOHbYSIMY SWoRE cR6F RO Hedle drtR 1R8O Esetilig Ver
nore particularly 11lustrating downward projection of the needl e-engagi ng

bl ades t hr platgh mooe patipdady Alyseitinasthe respectivesetdloé perpllelegragndots iies rel ati ve
position of_on f . ] t t |l e
driver for Ieﬁtg)vﬁlr%gﬁ? Réo?eﬁcgglg ?léfs %ﬁﬁgégﬁééh%@}ﬁéﬂlﬁg%ﬁ (gﬁ gﬁe %‘%gﬁeu s‘%ﬁﬁﬂgﬁfhe

bl ades r esfirnatwed thtpclependatsicnfafactdnemdatingsind opérang thettwolcaldo mpoment s or
elements in the operating, device; FIGJRE 13 is a bottom perspective view of

one end of SYHRBSINSM the AFlRIrver b 18 GFSER% ting plate and the needl e dri ver,

nore particul ar FyGUREUS!E &bb@&ntﬂéﬁ,{)e&ﬁfe&ﬁéﬁbﬁﬂk@l@bcﬁé 8tierpmom ded in the
needl e drive direction setting plate for receiving the ends of the

downwar d ypaskicelady iipsiating the &re spricadrapirherbie mopph exkrasigas frattaghment too
(FIGURE 12 ] i ol i VPR Lection of a
drive accé‘;sbsleg(a:(ggﬁ lgﬁé%tgﬁé%%%%ﬁ%éhﬁg%gﬁd%f%r thr(glu(g{]tﬁg first curved
sl ot in thapmoprae bhide eattiobnompondntsginheawrerdting dspiseat i ng t he needl e driver.

Further,illustr i ownwar t ensi on of,. ir i O i ccess
cabl e L@(t ensi on%@ﬂ%@ﬁ&%%ﬂ?ﬁ@f&?ﬁﬁ? Olalipreésé’te%v% H%%g f%’rﬁegé}lglsogtéé% H‘%ﬁdﬁ cabl es
attached E) Oritvdremdrd p@ti@?ﬁ@siﬂuﬂﬁiﬁng dGWTtIJIGde pnoj&’(cjidn ohthe dbe(ﬂ?%hgugir@r S ?t t ihng
access cab) e extensjon for gperatin oth.the directiqn.of travel. of the
eedl o anhiedEURSZhGPRHPORODE SOiRdhS Reedls dra B BE FORA PSS Bpr | at e
operating gPfkLAbIE mdudt é;&&ls%];@ raﬁ%é}fég 1§ ¢iredle GHAMEr hdfinethénkald om

perspective view of one end of the drive direction setti ni%bpl ate nounted
bel ow t he @wesfiaad ifrq nesdleand adinstingtha §ladperesponsiyepgperatienodbe nount ed above
t he negdl e L\ ' ' t : i.on of the needle and
drivi ngsdt h%eqﬁéec\ég% 8"%@51 ﬁé@héﬁ%}% %ﬁ?@%ﬂtgglc%‘?g}a&?%ﬂgtoiegwf hderlying drive
access cabl e eKIGUHREdS3 isabottomeetspestiva&ctes of omixing of thearesillendriveespect i vel y;
FIGURE 14 isS bot t.om pers tive,view of one en f.the driye direction
sett ng bl SectioR LR R GEFES hir eifbraany ™ S BRHeR HhSFrflaEay' hous! no
104A) -7 W06 8285431s Plolidddar iiltBdle deivsidiraetionaettink|plsit fatreckiving FI GURE

13, along with_one_end of the fixed way_directiqn . setting pl ate, el enent of
the crescetheends efjhe dewnyvardly ‘%F?‘gﬂg B%ﬁd%ep@%ﬁa%%?d%r%@m thi dee & i on

i ;'r ;J_SE iqlg refhb'ﬂmf h $3REnd thod SRSl ERR GRS R vl bfdcBidn bPa BL@RE 6, nore
icu
P acycess cable extension from the needle driver through a first curved slot in the drive

direction setting plate for operating the needle driver. Further illustrated is downward
| extension of a direction setting access cable extension attached to the drive direction
setting plate, with cables attached to the drive access cable extension and the direction
25  setting access cable extension for operating both the direction of travel of the needle
and needle rotation, responsive to manipulation of the appropriate operating controls
in the operating device;
FIGURE 13A is a bottom perspective view of one end of the drive direction
setting plate mounted below the needle driver and including the fixed way, also
30 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

- setting plate, needle driver and fixed way (absent the fixed way housing 104A)
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5 illustrating the dowmward 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/sastabl es
for extension to the respective needle direction setting and drive
controls provided on the operating device; FIGURE 16 is a bottom

perspecti veuMbawio iRl SHCURE i3] #5dd @R dnd éhd JOnEHBRFaPdirddiohRE 17 is
a top perspective view of the fixed way 1llustrated in FIGURE 16; FlI GURE
18 is a t opetiieg plotectlénpent of thy cwdsceiz needl e fixed way direction setting

pl at e di sposed t. ] dir i i . case
illustrated in E?%éﬁp%bgﬁﬁﬁgp T@%ei\}s?&%gf%% Cglglr)g%g{):ﬁlglggﬁeg% of one end
of the neeBIGUREXehIwaywitlditeaatd itlnstsatd il GURIE 6, moteystticalaly i n FI GURE 18;
FIGURE 19 (s a per ctive view of e end of the.fixed.wa unted on the
needl e ¥i XE@SM&%@EEBWW DFRG Ogﬁh“t Ve ASPES B%’rl‘f F%tﬁrllsét?q %“({%Fust rating a
typi cal  203p8dtoRN§eRir RBesd BabIE 3RGAsiGH, HPHRYdcHRE hedudhltecdrieypshdnay drive

direction setting plate, for limting its travel caused by notiop of the
drive di r eetvethoresetingrotpn theecase apdaftachedigreables fog sxiensian jo ths TefREEHSI ni ng
the direct] : ' : : g%gga LSyt i ew of one end
of the nee %1{({11;(%@5%%&% %dc%n&ggﬂsﬁﬁ%‘ﬁhp at ggfap%e%tsnﬁ‘gr g%{g%léfi n FI GURE 19,
di sposed on t heFHGEBEdS is h batompemspestiveriGUREhe fixad way ilhBtgtedtincul ar | y
illust tigﬁag§ﬁl,ckmﬁse direction of notion of the needle drive direction
setting pl tN respect to the case for setting the fixed way direction
plate in positFIGURE 1dlik avomppaspeoties clewa\theskxadi wadillustratalf inFIGAIRIDN of the
needle in the crescent; FIGJRE 21 is a top view of one end of the needle
drive direé®ion setting plate illustrated in FIGJURE 20, nore particularly
ilTustrating therdiyRedsueY téf peteheltiveeiewdT theXibelledxRd WRYy diRtRorbsetting
counterclockw se allow ng position with respect to the rotation of the

needl e i n plte dispesedivetween theriziveAirestion sesngelpiead the@seilbgirged fthe fi xed
way, ngeedl I@@@%ﬁ§’ needle drive direction setting plate and the fixed way
direction settfing’plate illustrated in FIGURE 6, nore particularly

il lustrating asEBERURYE 18 is haerpaspgstive miew, of-ddie Wil 08the 28&lld firETwais02/ 31487
FI GURE 22A.is .a botto e ectiv ' .the assenbled fixed way, needle
driver, ne Hﬁﬁoaﬁﬁieg§F$§@§F%ﬂfi8f?¥ﬂ§&§ﬁ§te and the fixed way direction
setting plate BRSERBEI1Y ik b buspédive didwofdrieldnl o2 fie fRle@urdy mduritad én thet t om

perspective view of one end of the assenbled fi xeq ) )
needle fixed way direction setting plate, more particularly illustrating a typical

20  entrance stop and range stop provided on the fixed way drive direction setting plate,
for limiting its travel caused by motion of the drive direction setting plate’s travel (not
illustrated) in determining the direction of rotation of the needle;

FIGURE 20 is a top view of one end of the needle fixed way direction setting
plate illustrated in FIGURE 19, disposed on the case as illustrated in FIGURE 6, more

25  particularly illustrating a clockwise direction of motion of the needle drive direction

- setting plate with respect to the case for setting the fixed way direction plate in
position to allow a counterclockwise direction of rotation of the needle in the crescent;
FIGURE 21 is a top view of one end of the needle drive direction setting plate
illustrated in FIGURE 20, more particularly illustrating the fixed way drive direction

30 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
drive direction setting plate and the fixed way direction setting plate illustrated in

FIGURE 6, more particularly illustrating assembly of these components;
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5 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 osioess4pf t he assenbl ed fixed way, needl e drivecTarsd2/sisye
direction setting plate underlying the needle driver, which needle driver
is seated on the fixed way for selectively driving a curved needl e around
the 10 crescent pidyRpCRUIR] FIREKPLSScliol Holv T ke ASGHEIRE Fixed WERE 25 15 2
bott om perspective view of the assenbled fixed way, drive direction
setting pl ntedle drisedinsedle dvive disentiohisgiding wiage ang the fikpd wak dirpetiarsetf@e gri ppi ng
t he needl e_and r ot.at it h. ikve,.direction setting plate on the fixed
way for dpﬁ fﬁg’lﬂgﬁgﬁﬁ%%aléggmggggg%nt-shaped needl e into the crescent

sl ot for suturi RIGURESIEIs aliottbnGhdrkpe2hive wew of ens getoef theassembledhfiiedw of t he

assenbl ed drive directiqn sett.in | ate, needle driver.and fixed way, wth
the drive B’F‘Y’él?f’&@ﬂ“é’%rt 871}5%3‘}5 Cépﬂgﬁ'ﬁﬂg Pﬁé’éﬁ}%eéj’ﬁ’ﬁiv\'f"é(ra{?e@%? seltpg ﬁatc?’l rection
fromthat hdsbMplyrifthfrhtddinEIGURE &5 and the needle rel eased by the needle
driver, to a position for beginning a_second increnental rotation_ of the

needl e into t heFEGEBEe isgyboftompmprenedireviow of dhepsprapidpered ¥apaeed vi ew of
the assembldk:dhtiyehieibh Ahind Bldd By Rizihe AAM divdr Wisitn RIS | xed Ay,
nore particularly 11Tustrating quent1 a reversal of the direction of
rotation ofirivdrés seatedloa thie fivet wamn tbrisblectifrely dridig e ctuived neestle piognd fhieat e and

engagejrent of the needlte b§ t he n&gdl@ drdvgr,, for anot her increnental
rotatith oftdfat fbaGPEISTHOEYISE TRPEORAL SPNES . 25 FIGURE 28 is a bottom
perspective vi eRIGIRENE Basnbheskrsiectiee diewed theansensided fined phyptdeiveneedl e
driver and _fixed way, re particularly illustratin n .addi ti onal

i ncr ement aflirsGioBEPHRS Bt REcHs é‘i}‘éer@ﬂié%‘?‘ia Y-Sty ﬁ’ﬁ&%ﬁﬁﬁéﬁlv%ﬂg@%d t he
needl e ar oypGiebie and FRAEEPithINdb Y AHGNoA B&tifs SIEEIM ths FiRed why BRE 29 is a

bott om perspective view of the assenbled drive direction 30 setting plate,

needl e' dr {ixveing anelend wfthie areycenivileansd needheingy the eregeend slof & SYBIINE H§SYSH at e
d th dl i : - f
and thes needl e 9{(&%}3{5 NANG C#%?@Ecﬁ\%"b‘%fé@e 1%%fm§edtsﬁ%1?%lﬁ:@dﬁ% ga&gAnf Or a

final TTmcrenenta Vi ng e nee ack t position illustrated in
FI GURE 24; setfihghlRfe, Békdlesdriver apd fixalway, withethe dawé dirddtion dethiag ptite @wh i on

setting plate,and drive,direct.ion sept] at e ! by .the fi.xed way
direction & ‘i%@veﬁfeé’?@fd %‘5%%8%%%%‘35&%§%MI% rkss%lget?? Irlr‘%gis%ed on

t he bott omedastdiey Meadbde drivateto Bpshitidhefof bepgtthingy secont indrérterftaleetiomay

over head connecting. nenbers renpved for brevity; FIGURE 31 is a top view of

the fixed abtpe apede inte Hesrescei§loh at e and drive direction setting plate
superigpposed onpidErRO}T R Srspelityd RRLPyIEHIOf Ble ABGMBIBE dfil&8iection

~ setting plate, needle driver and fixed way, more particularly illustrating sequential

reversal of the direction of rotation of the needle driver and the drive direction setting
plate and engagement of the needle by the needle driver, for another incremental
rotation of the needle into the crescent slot;

25 FIGURE 28 is a bottom perspective view of the assembled drive direction
setting plate, needle driver and fixed way, more particularly illustrating an additional
incremental rotation of the drive direction setting plate to extend the needle around the
crescent and through the crescent slot;

FIGURE 29 is a bottom perspective view of the assembled drive direction

30 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;

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)
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5 way illustrated in FIGURE 30, further illustrating the increnental
novenent di stance of the needle driver and the drive direction setting

pl ate w tWworrespsset to the fixed way direction setting pl @ce/usa2/ster fixed
way; 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
dri ver andgtla f xsthy O bYRn o HeSlcbalk bkl REeBay, itk FRbd NG

i ncremental ‘otfon in one direction of the needl e driver, the drive

di recti on wey viverjeadl cateecing memebers seadvaAJordrevdlyt i on setting plate with

respect to the P %5%)@; ' b4 : L xedi WAy
direction settiﬁigé&g?%@fgﬁc}!) he d‘?iﬁ\}}%ﬁxgq élg%g?%cgwgg%t%lﬁggl%% at e superi nposed
on the bot tipeotioh stiting precduperinpussd crthe boteonh bk he nedde delyen dnddlse fizgded i n
FIGURE 32, further ill rati the final .position of the fixed.

directidn ¥& flﬁwgatﬁﬁg}gﬁé&lﬁh -J?}g 11'111&%? %Iéctﬁe%alf%?ve&é?‘gﬁ%hg t he
cl ockw s ofiiht eédl Ok aﬁ@ﬂﬁ'&iﬁe%@bﬁ&fﬁeﬁﬂg%vﬁﬁ regpedt fodhe fikelway the
fixed way direction setting plate and the drive direction setting plate
super i npos@éigedsionspiting pletern Ge fid Wided! e driver and the fixed 20 way

Il lustrated in Eté%ﬁﬁ%ﬁ@-a%é%viév} Si5thé Bkbd\Way BYEIDE SLORE PIERIAR] hERKLON Of

the drive direction setting plate and the fi1xed way direction setting plate
wi t h respediredtion sething plaseshpwdmpbend anghebettang of theareedn dovendnd theexide in t he

crescept; FI E 35S t iew of the fj . d] 4 [ t {d pl ate
and thgd dr W@gﬂﬁﬁfr?tgg .l %ﬁ}g&%tsﬂﬁ glwﬁﬁﬁ%tgg%cﬁéé?ﬁr%l\ggé%& olh%t%tﬁﬁ%%t?@o&rgtg? t he
needl e dri yesdleditket, ke fivedirecdn vetfing platesind ahefixédwist GickESn 3€tiBd plateur t her
illustrating the final position of the drive direction setting plate and
the fixed Wetl reipeelde tsf*€dta%g plate with respect to the fixed way for

det erm ni ng t hepROUREEIFIsQGEM RN @ﬁtﬁ@ﬁké@wgp&irmals@mhg ¢ ol thEURRE 36 i's
an enlarged top view of one end of the needle driver, the drive_ djirection

setting pl directionisetting plate supprimppiadianghe betfam pfthsingede driyenand thelired npre 30
particyl ar I .{@U 35 : - P M4 1 he case
and thgé fi &(V)éﬁ hl&%{;ﬁl&%g{; e %IEI%E%U oné?g%fs?? tﬁlg%egﬁlgfﬁgfsg}&d@ggﬁngﬁ ‘2? t he
range of mndiréationaétting plate withl respegt tolihedtted oraySer déterpipingttee dpekwisespect to
the case a dchxé%n er hockvu' se rotation of the needle in the crescent; -10
WO 03/ 0285%44° P&J%‘EP% PP F| GURE 37 is a top view of the needle driver,
the drive direcFiGUREEI4 isngophiineof thb Gixéd weyldwedtiodisettiap iplute aet the dgvel at e

and the case illustrated in Fl GURE 36 nor e rticularly illustrating

engagenent digectign selas B%%SW?WPQSI':%&“E‘E? bptipry ﬁg&ﬁi%‘?ﬁ © 3%&% a&‘flrd_;‘?:’%lﬁ‘ setting

plate @r %&ﬂﬁﬁhgﬂe@% PRYORES B0k MiRBafidgdéférs@incidnfnig etitRn\Wfte 5 respect
se;

to the case; .
drive direction setting plate and the fixed way direction setting plate with respect to

the fixed way for reversing rotation of the needle in the crescent;
FIGURE 35 is a top view of the fixed way direction setting plate and the drive t
direction setting plate superimposed on the bottom of the needle driver and the fixed
25 - way illustrated in FIGURES 30-34, further illustrating the final position of the drive
direction setting plate and the fixed way direction setting plate with respect to the
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 .
30 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
way direction setting plate with respect to the case and counterclockwise rotation of

the needle in the crescent;

-10-



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 andwoDlaoessse, further illustrating the travel rel atricansh/pi4bet ween
the fixed way direction setting plate with respect to the case to set the
needl e rotation in the clockw se direction; 10 FIGURE 39 is a top view of
the needle dri VPIGURB%?% a“‘c@;g Jickest thOReci®! drived thé atifs dlrédﬁ@nfsetﬁﬁgl vay

direction setting plate and the case illustrated in FI GJ nor e

parti cul ar plgte; theLﬁ;tGdWﬁg@ﬁ@@ﬁlnﬁidéte@ﬂdthwamméﬁ%m%%ﬁ@er cl ockw se

direction th f the
crescent, mS’ aré&ﬁér%gétru{" %‘%ﬁﬁg%gge%iﬁnﬂ%% %g)Sés?g ?P&)été at| ons e?p on a
transiti onwgyiditectibanettipg letel o detennnmgmm&clocﬂmme(ﬂrmisoﬁthe needle watht endi ng
fromthe transm ssion tube, with articulation control cables extending
t hr ough® t hESRSE @Fﬁ??etube to the crescent at the ball and socket nount

between the cr eRSERE 387¢la tdpevibw M Shd dpposilindf €y esedlel dakWeE e a t op
and front persgectl ve view of the crescent and 20 extension tube nmount

i |1 ust r at ediysdirgcipreetidng Plaiss thedarediveay) dizectjon yetting plafeiang the ease, daheri oni ng
of a | engtfy of Ay iGad. Rl rél%rﬁh%%t\%en%e hh& \%’5}' Jie&BR %gtltlﬁg g Rithhr ead

i ncrementing accéssory nount n one end of tHe crescent toO Increment and
handl e t heespéut tailic cieGURE thqnftesll@lropﬁ@psmedlelcmkwmlmtl@me cyclic suturing

and kn tying t.in deV|c illustr

parti cﬁ(f arly i|?{?§[?$—§t3?ﬁ%a >P‘|“%‘§| the ellégleélr%&grgtﬂé%edr?tes e@ox}sc?ﬁmggr@ht‘r%bugh t he
transm ssi ﬂi&ﬁmb&:aytdﬁlectﬁxi&ﬁmg(maﬁelahéﬂMSe ﬂlhﬁraiechmﬂTIGLﬁhE gsu dmre;one from
the lever to t@e crescent, fo arti Iatéﬂg tge cre n gile end of the
Lransi t | onPtFRETEdRETaE wRl mars Phije dpelat Bh o R hEBaRESer . t he
needl e drlwﬁhqbgp@&ttb%o%gtl ng plate and the fixed way direction setti ng
plate in the 30 crescent; FIGJRE 42 is a perspective view_ of the handle

el enent of t he BH&%EAQQS a etjors ¢iqw piitke cessesat.imounted jragioqulafinghaland
particiy arly. }(la Whé‘fi %)lhgﬁlfg g attg?lSlﬁ%H%h etcf)hg 'illded '8@ Wik @ﬂﬁi ghfheCkRdlisy el ement s,

the cradle © etelrves t ansms [ustrated I n
phant om mbe‘éﬂeﬁéﬁhgﬁﬁﬁﬂﬂleIﬁ@ifdmﬁélahmswlﬂlﬁﬂ@ulaﬁongomsolazabbﬁ S?Fte@dmgle Vi ew

of the hangdle illustrated nFGURE4 S I t.e

facilitat e&'ﬁ‘ﬂﬂ tb? EXIEBT ?‘nfont S5t a&&gﬁ@ ss?oggghrh@&tb%&%e rat ed in
phant om na@meﬁdaﬂdnhéﬁ@setﬁ@dgtﬁde&@RE 44 isa perspective view of the
handl e, cradl e and _housi ng, nore aPartl cularly ill ust rattl ng addi ti onal

rotation of theFHHREMPA traigpand fiogt persarciiysdpy of the crescen
20 extension tube mount illustrated in FIGURE 40, more particularly illustrating the

positioning of a length of thread on the midpoint of the curved needle and a thread
incrementing accessory mounted on one end of the crescent to increment and handle
the thread; .
FIGURE 41 is a perspective view of the cyclic suturing and knot-tying
25  operating device illustrated in FIGURES 1-4, more particularly illustrating typical
cable arrangements extending through the transmission tube, the extension tube and
the transition guide cone from the lever to the crescent, for articulating the crescent on
_ the end of the transition guide cone and controlling operation of the needle driver, the
needle drive direction setting plate and the fixed way direction setting plate in the
30 crescent;
FIGURE 42 is a perspective view of the handle element of the operating
device illustrated in FIGURES 1-4, more particularly illustrating the handle trigger,
ﬁousing and cradle elements, the cradle of which receives the transmission tube,

illustrated in phantom;
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tube with respect to the handle; FIGURE 45 is a perspective view of the
handl e, housing and cradl e conponents of the operating device, further

il lustratwog3pesseti ng of the cradle and transm ssion tub@Cwush/saspect to
t he housing and handle; 10 FIGURE 46 is a top view of the handle, cradle

and housing conbination illustrated in FIGURE 45, with the transm ssion
tube renoved; Ftﬁ%’BﬁE‘lZmSage %Je@ﬁv@@i%%v‘&ﬂﬁéhéﬂdﬁé’ﬂluét?a@ln@@'ﬁmﬁ isne 48-48 of
the handl e and housing in , more particularly |IIustrat|ng a

needl| e- Opemam thghomsu%@ﬁat%dm faeilitateomultintopsitieningef tho titmsaeission tike handl e
and housin t?a?é’c?&k%‘éﬁ &&n%éd%f%?eégd s an enl arged perspective view of
a trigger sp ocC 1} engagenent ]tb drive a sprocket by mani pul ation
of the tri gger FRGUIRE hamﬁpersﬂelcusetvmefthe}mnﬂleGbﬂR&Bandhdﬁsing:IrWRE 49 is a
per spec |ve jew.of the. tri eth proyj ded, on the trigger
for engagi REHCHETY illvsGieting @9 tpqaf chgqcﬁ-g?fgthe %usﬁ}ggﬁﬁéiell%ndaﬁﬂl W™y the 20
sprocket rﬁﬁﬁ%ﬂif@péd@tmghm1@tl on of the trigger; FIGURE 50 is an

enl arged side persEec ive view of the handl e, trigger, housing, cradle and

transni ssion t ubeG {5 3 PRIEReEtive Waweo! thy kndte, bausing apd awdler ged, si de
vi ew of -t he,R3nale ofttpé sﬁé%q&@ueeﬁmér iSR! gp?v%dtﬁag otmteecrml& bnd he housi ng

renoved, nore particul a ustratlngflttln the trigger through
an openi ngtiensmaistian tubeeriterespect tortbe housigandaradisbsi ti oni ng the sprocket to
engage recipr 1] |J I I sm ssi on

t ube; GURE 52%§{)§%84§ Eéon%08e%?°sw gf: | \%nq @?e‘%/évaﬂ?g@%&%&%&ﬁ%léaﬁ%ﬂger

housi ng, - dhathedan@IGURASS] withdlne tramsmisli@niebé senafvehe devi ce, nore

particularly il i a. 30 typical tr rance ni in the
ousi ng. - F1 euREPIGURE 479 dhioSthelit B o e atong s BT GO B and
sprocket geaHsigHh FISRITOR kit nﬁ%vﬁarﬁé\nwﬂmsﬁatﬁfgfﬁ@&dleweﬁtﬁa@@ng@iaﬁ&t ive
operating elenments of the reciprocating i ngut col lar slidably nmounted on

the transnPRorksi combiatiommonpied in thgdendlegnd dpwdng sespedtrebhe sprocket gear;
-12 WO, 93/ 02854% %geﬁlje%ﬂ%ed;ﬂ)%&gtg Svibw o 2t rﬁﬁ(‘f’g}%r?g%ggdrew of the

trigger cradle, rocket gears et conbination | ced with the
respecti veeng@ﬁm'emrtg deive awpitoskas bytrhanipuletconpeidbeatrigggr intperharsidd llastrated i dabl y

nount ed on.t S ion tube, and the trigger engaged with the
spr ocket g&%@ﬁ?@@% is a side sectional view of the trigger, cradle,
sprocket gear amUGURE 49 is a perspective view of the trigger and upper teeth provided on

the trigger for engaging the sprocket gear illustrated in FIGURE 48 and driving the
20  sprocket responsive to manipulation of the trigger;
FIGURE 50 is an enlarged side perspective view of the handle, trigger, -
‘housing, cradle and transmission tube mounted in the cradle;
FIGURE 51 is an enlarged, side view of the handle, trigger, cradle and
transmission tube with the housing removed, more particularly illustrating fitting of
25  the trigger through an opening in a base member of the housing and positioning the
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 illustrating a
30 typical trigger clearance opening in the housing;-
‘ 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;
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sprocket conbination interfaced with the respective operating el enents of

the reciprocating input collar slidably nounted on the transm ssion tube

and the twoggeess4fully pulled to rotate the sprocket gear pamdsepsmasket and
slide the reciprocating input collar on the transm ssion tube; 10 FlI GURE
56 is an enlarged | ongitudinal sectional and perspective view of the

transm ssion tukesaRE Bﬁ%dﬁ%@@ﬁbnﬂ%ﬁ% @ftﬁeglli%ﬁ% %qcélg,a@r@&eag&msaafdocket

trigger mechani sm oper ated e trigger; . i's a transverse
secti onal vprevkebfcomhmatipminterfaced withithdeespastive hperating edements efthees and

trigger nechani oper at by:. | ] catq . i nput
col [ar to SanepeRashfisiu siohbk holFRESn s dalfplsfifh BLE Bl ety R 6.
FI GURE 58 ksgaged eifhlthelgsoskiceneapf the | ever and | ever cabl e support and
nmount assenbly i pul at.ing t.he crescent on the end of. the extension
fube: B GURe s6IOURE S o Telipap ety S B ket S foropke: B oo cent
and the cr @@Jasm cB@binaiBy B fhcoNwitheh ek SR EVOBpdrath Adiflergeat®e in the

socket in the crescent, 20 and_ including a preferred cable network
ext endi ng fecinrpeatiaganet sollaiglidablyrmeunted on thepnsresan tibe anbthe fEREHT ssi on

tube to ar hhﬁ);@ea b ftatt ?l%ss%?d&ep%a}gl?d &9&1@{ artd ide BRERH: ifogatgg@gu@nd

operate the e driver, drive direction plate and nee tion
pl ate in tbadlaneshetransnfss@IRBLG0 is a bottomview, partially in section, of

the extension t 25 the crescent. npunt.ed.in . arficul atin
rel ati ms hi p oni}?ﬁg&g’ﬂs& B Fﬂgrgggﬁ%nr%ﬁugwgﬁ?ﬁ ol Fﬁl%g?r%paet% ﬁ YlﬁW%f&ﬁRE 59,
al ong W t htrandnyipsiemtubepead dielingriahhéadls ysdrating cables apdspotiat tripget he crescent

with respect to.the extension tube and illustrating the drive access cable
ext ensi ons“&ﬁ]éFIEFrI%QP%rﬁ’i?gbﬁ’mlggerﬁor connection to the operating

conponents of t ReGORES At ik AGral@Nt Ve haPPRlvAIitNOtriRSiRRAN e #Hd tver i n the
crescent; 30 FIGURE 61 is a sectional view of the transition cone and

spacer ri niptemelashles andtrigghemeehanisar opditediby therfspgar ghthederpiogating t he

transm gsi : i . . i nal cable run
bet oot t nbt B b fURIBARn 1 E crlldbheaidlN 4 PRGURERAS) 053541
PCT/ US02/ 31487 FRGURRB &R an sxpEoget dpe of thedewirand tfvet ¢ableestpeotiang end of a

short extension tub d the crescent noynt i ticulati rel ati onship
on the tr aH’sq“PP%Sﬁerﬁﬁliyggr TogpRula ﬂgﬁ’r‘?é’reéﬁ?‘ﬁr?gi%g%er{% ,eﬂéel}%oé‘:}gb%f a ball and
socket arr angenpnGURBSI® b Sottddiéve Hatidlly ihlstativhy @tthe gresdehi @id taki on of the

crescent with respect to_the extension tube 5 ﬁ?y tIcl,)lperati,on of a pair of
cabl es ext eisasergbal} mepnied op thecxigpsiondubgand segted 1) the segkebindge rigsceph GURES

1-3; 20 and including a preferred cable network extending from the operating elements or
- components in the transmission tube to articulate the crescent on the end of the
extension tube and operate the needle driver, drive direction plate and needle direction
plate in the crescent;
FIGURE 60 is a bottom view, partially in section, of the extension tube and
25  the crescent mounted in articulating relationship on the end of the extension tube
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 operating device and operating the needle driver in the crescent;
30 FIGURE 61 is a sectional view of the transition cone and spacer ring elements
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;
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FIGURE 63 is a side view, partially in section, of the crescent, the
crescent socket provided in one end of the crescent and the cooperating
bal | prowoediozssst he transition guide cone on the extendiPag/isod3ai7?t he
extensi on tube and seated in the 10 crescent socket, nore particularly
illustrating a typical cable arrangement extending through the transition

gui de cone to tPRSGREHELE E@ﬁetﬁ%‘ fe 6t the 9xt’éﬂ<ﬁn§ BB SR WhoktQxfenkioh St

position; FIGURE 64 Is a SI de” vi ew artially in section, of the crescent,
the crescehibe asdtietressesviatated in agulasing refptionshinonethe &ansitiprizuifie cone

cooperatin I i ansition i de

cong on thgng%t é(ﬁéélls%ét?o gyglﬁgﬁggeaﬁéleﬁdesg% cre m% t%@?ﬁé{e il : ulst ra?gld in
FI GURE 63, particelagipillistratigy driiculatiamsdiithe cregeeat wﬂ:hws@ectw ﬂiecﬁxteasieduﬂmsi tion of
t he cresce FI GURE. 65.i s enlar ed .per ectlv rti

secti on? ?y PPRation fa?ﬁa@lef‘ ﬁif‘fglﬂ ﬁJg’B’n%g ﬁ@ﬁ‘f? t'h? néé’ eﬁ@é‘fﬁf% %%‘r ection

act uat or apﬂ}mngssllgde switch 20 operating conponents mounted.on the
transm ssi on tube of the operating device; FIGURE 66 is an enl arged
| ongi t udi nal seFIGYRE|63s asidsviqvhdaetiallyin sectignpt theerescsnl theshesseint s of t he

direction evg@ﬁgsﬁ ggﬂlér{eeeng'orﬂfe &wc&ﬁ%aw&k Bdin IPHAGHIEE oRfihd Ne

operating strated i n Fl GURE 65; I's an enl arged
| ongi t udi nhnsitégt gwdatongiopihosxietkingsidofithe e)etmmomtgbcp mdseated igdreponent s of

he di dth h f th
oper at 1 g FEeRE R o e arih e Rl aRne SRR BHERYRL 1 1
posi t i onedthirdughrtha trasyitiat guide ddnead therabéscemitht grticwlbtingthe EtestdrEtGBfifss a

transver se sect i.onal view of the transnmi ssion tube, taken at the direction
actuator, B¥®Darticularly illustrating internal elenents of the |ever 30

nmechani sm and t pRedREMALE 9 §ide e paftiall) GR@Eoh Titkkecrbdtent, fRNSEEC&RI On t ube;
FIGURE 69 is a perspectl ve view of an actuator boss el ement of the

di rection seketpovidedisassng of theaupeentand sheragpersiirg:ballroyidehonthe

V0 03/ 585 TTuRES ke @%H@ﬂﬁ%ﬁ% den £ BRGSO bR T RETO Y
connect i ngcreswnedoeketitlustiatedit FAGURE 63y nicrGiRE cTlorly BluStoRrihg/Psdcendy

per spective_ view .of recj,procation input collar element of the direction
act uat or %/gf}'pogﬁlg—’?@fﬁ%% P 2 perspective view of a slide switch

nmount body el eNBIGURE @5hiean siliged peispetive vrme partiafly ihechpglodttieng devi ce;
external and internal components of the needle direction actuator and the slide switch
20  operating components mounted on the transmission tube of the operating device;
FIGURE 66 is an enlarged longitudinal sectional view of the external and
internal components of the direction actuator and the slide switch operating
components of the operating device illustrated in FIGURE 65;
FIGURE 67 is an enlarged longitudinal sectional view of the external and
25 - internal components of the direction actuator and the slide switch operating
components of the operating device illustrated in 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
the direction actuator, more particularly illustrating internal elements of the lever
30 mechanism and the direction actuator located inside the transmission tube;
FIGURE 69 is a perspective view of an actuator boss element of the direction
aétuator assembly;
FIGURE 70 is a perspective view of a direction connecting rod element of the

direction actuator assembly;
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FIGURE 74 is a perspective view of a forked transm ssion rod el ement of the
slide swwtch; FIGURE 75 is a perspective view, partially in section, of the
needl e diweaBiozss41 10 actuat or mechani sm slidably nounted @®aTiuse2/31487

transm ssion tube and including a set of cables extending through the
transm ssion tube and around pull eys nounted on inserts provided in the
transm ssion t U?ﬁauiz@gl%a%ﬁt Gewtd? thd@iré&eXiB eGiHectie SRRt ilfusate@Ct | onal
view of the insert and pulley assenbly, assenbled or nounting in the
transmi ssi onFEGIBRE 70;th the drive cable and direction cable 15 extending
around the respegti ul ' i nserts:  Fl ' tive
view of the i nsgﬁgﬁiﬁl 7?&%? gé?%%f%iv% Q%V‘;Cﬁ?Elr e[;%focﬁ{ﬂ%ﬁ?{.\{%)tﬂlaﬁal@g%g{ %q‘)cﬁ?he

pul | eys nodinéctidniastuatonassemblylier ei n and nore particularly illustrating

cable slots for iLvj,ng the various crescent . articulatjon cabl
extendihg thr oﬁgﬁﬁgﬁj%?éﬁ%ﬁ’ VBN 5511216 Spt “?%gﬁfiaveée%%‘f%é’gg% ve
vi ew of t hgideNSAich elddknk Sf’thélaﬁe@ﬁ geAéd;angenents illustrated in FlI GURES
75 and 76, .extendi ng around the pulleys and through the _insert sgots

i nsi de the tranEHYREGH is aperspestizemewrof 3 Briediemngpissiopyed glempnif the
sel ection rd@pt hat cooperates with the lever illustrated in Fl GURES
1-3 and ilTustratihg crescent articulation cables 25 nounted in the
sel ecti on beari REGUBEf74ds b perapestivp ereat, ipariially in sestipm\od themagdierdiregtitst es and

o BB A5 AT LA BB SRS e L o o

Vi ew o € crescen

proxi mty t4bléd xsaitehiRgl theltraegmissinauixsartd aolrdrjuleyd nusttedbh mmgerper at i ng
of the operati .device and. crescent to sutyre the tissue; 30 FIGURE 81 is
a per spect Prp¥ideddt thertranpission fghe, foriextensiop 19 1§ FSS°HEGURE 80, il lustrating

a preferred manpReiRE 78N #86btbASINGER BE tHeGnekt dnbllr AARy ¥y, |¥seaéer ed on
the curved needle using the thread increnmenting device duri r;g a suturing
oper at i on; formmumiing 2n the trangraissipe stbiey withitksdrite qahle apd digeelian caplg ystrating a

preferyged i: ' t o ted in FIGURE 81 in a | ooping
oper at |{§£)n ?’g&?dlggh%hggygﬁggﬁreé@%@&tyéﬁ% g facilitate stitching the

ti ssue whil e usFIGUREg 7ape petspentivel eicvcef the thsertedlustratedvint INGURE 76.hr ead

i ncrement i evice; F RE.83 is ers tive view of a suture knot,

11 st rat | st fog o1 g Pl Rl GleRB R b gt BBl Scent
segment s ofllusirgiSiiCcaBly dldtg for heceftibal then@ripiOaesent hticidativg dabkes exesdiept

FIGURE 84 is a_front perspective view of a preferred enbodi nent of the
through the transmission tube;

20 FIGURE 78 is a perspective view of the insert, pulley and cable arrangements
illustrated in FIGURES 75 and 76, extending around the pulleys and through the
insert slots inside the transmission tube;

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

25 mounted in the selection bearing to facilitate operation of the lever and the cables and
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;

30 FIGURE 81 is a perspective view of the crescent illustrated in FIGURE 80,
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
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thread i ncrementing accessory that handles and increnents the thread in the
cycling suturing and knot-tying device of this invention; FIGURE 85 is a
rear persweaBioyss4vi ew of the thread incrementing accessor YCTAGo2/B1485t r at ed
in FIGURE 84; FIGURE 86 is a side view, partially in section, of the thread
incrementing accessory illustrated in FIGURES 84 and 85; FIGURE 87 is a
Lop per spegidiie it 8ut W dshSFEHRAMIMAARE SIS Unoartitsthbat ed Ln
FI GURES 84-86, nore particularly illtstrating nounting of the thread 15
i ncr enent i Hgeainessentingpdevisee end of the crescent; FIGURE 88 is a top view

of the crescent of the cyclin I : ; [T i ce,
with the threadﬁé@%ﬁ?? arsg%cggéfggber@o%%&rﬁfgg& Sﬁﬂgﬁg%%fh%)t{(h@?lg ¥ nor e
parti cul ar two ldngths tof direaigto pasiht ddjavenigseginentslof tigdue dofing theesathrimgtpeoaisng from
the needle i.n the crescent, through the thread i ncrenenting accessory and

t hr ough® a 3¥ghesiescerthj ect ed to suturing, prior to operation of the thread

i ncrementing acEeSOREYS4 is BHieRFperSfbctite /ichdT airefred ethbEdifleRtsane
illustrated in FIGURE 88, with a thread incrementing accessory | ocated on

each end ofhreafkineremeating acgpwory. thaifpngles pnd ingreanentsihe Brendig the ofelinge needl e

t hrough bo hr e I ner.e ! : ies and through tissue to be

sut ur ed; Zg&ﬁ%@%&ﬁ%ﬁgagl%%%%ﬁﬁgﬁg{&m ew of the thread increnenting
accessory il | uSIGHRERS in a FéaGpREp&Tive FiaBiUREhe Gaecidkinaregicding awessonal  vi ew of
t he thread.jncrenent| essory illustrated in FIGURE 90 illustrating

t he thi adlliﬁﬁﬁtgﬁ@hﬂmﬁessory in neutral configuration; 30 Fl GURE 90B
is a side secti pr@URWE &8s akideReew [yagthdly in cecivnnss thethacldagemynting | ustr at ed
in FI GURE 90A, w tﬂ-@t he actuation 858‘%% increnented forwardly with no

gri ppi ng ofceerwery Hhushated imiF Gtz 8 3 PCT/ US02/ 31487 FIGURE 90C is a

side sectional YIGWRES 3788 dgpBsbcliRCTRIEIhBrAaGRESAEMirpldctisbogted in
FI GURES 90A and 90B, with the actuation plate increnented rearwardly, wth

gri ppi ng ofllustrated fim EKGURES G436, Brore particylenly Blwspretingreeunting of thaihesrdt he
thr eadl nC{n%%{{ﬂ%ﬁﬁiggraafegﬁo? 8h ¥ne énd J)il e tcfe@&e%g in FIGURE 90, nore

particul ar an access extensidn tab and a cable connection
in the thread | FOGURERS ing terdewsditle credoehiRiferientios the qyelisgmittringandi ew of
e o Bt inp RS o e Tn2ha 1dfem g kcs 5] SITRRLE0 0 G EEC" Y

thereof, more particularly illustrating positioning of a length of thread extending from

the needle in the crescent, through the thread incrementing accessory and through a
20 tissue subjected to suturing, prior to operation of the thread incrementing accessory;

FIGURE 89 is a top view of the crescent illustrated in FIGURE 88, with a
thread incrementing accessory located on each end of the crescent and a length of
thread extending from the needle through both thread incrementing accessories and
through tissue to be sutured;

25 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;y accessory in neutral
configuration;

30 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 93 is a perspective view of the thread increnenting accessory 10
novabl e housing elenent illustrated in FIGURE 90, nore particularly

i Il ustratwog3obdsade recesses and fin slots in the novabl e Poausongtsst| GURE
94 is an expl oded view of the novable housing and actuation plate assenbly
of the thread increnenting accessory, nore particularly illustrating the

ext ensi on of MUEIGORE: SUERS SRS RHEPORMT hofIPUANnGOREARRORMISC! ear ance

holes in 15 the no ousi ng and through the parallelogramholes in the
actuati on plustrated iF FIWRRES®H0Asand 998, syibdhe ectuatiomplase ingremepiteshl

t hr ead- engagi vahl e. bl ad far _use in the thread increnmenting accessory
illustrat eg&fﬁgéﬂoﬁﬁ%%%nﬁ%%ﬁf s a bottom perspective of the
actuation pl at e FIGURSE 9ladsiantgttbieetspbctixfe vitwef thevthizhé inetentimtih g atdessory
paral | el ogt.am hol_e, particul ar.l he, triangul ar shape.of . 20.the tab
at its ? omé‘fusgﬁtﬁd\}%ggﬁﬁﬁ Lo POERANE %r&yaﬁ]dfﬁtéﬁmﬁaﬁnl acyss f’ﬁ?n%"al} @b aad ggr am

hol e; FI GURES186dhrettiéh i 1A fReadahcremeh@iPaticBsoB), ade tabs extendi-ng t hrough
paral | el ogram holes in the novabl e housing in close proximty to the needle

thread; FI GUREFYGBRESOZis ansrsaedivg viva g tambonsing prdibrse elgmenisiof i at ed i n
FI GURE 964 E L el Lade tab illustrating the
tab and pg}]rrg%lqgW%gégﬁn%g%gsﬁﬁlg%@%ﬁﬁ%gﬂwId&ét rated in Fl GURE 96B,
illustrating coRIGURE 9Beisweperspedierebyiiew ef thathreadiinaregieating\addessofy

Pt cad na CoRp aEp o hE clemaipme R RER PIERRE chio! Sap Rl bRl | o o

t he t hr eadbiade FeEset b fid GlofGa @sS@bYyableBeginzarti cul arly illustrating
handl i ng of a | ength_of ,threaci qfi%ite,ndi ggjfrom tjssue ng ch i.s sutured and
| ocated in cl osglgp&ﬁ?ﬁwn%p? YRV QA4S HEY USHIg an @E@%%%’r@?teﬂ GURE 98

I's a perspgehingy ¥ tﬁWﬂﬁEeﬁiH@reﬁﬂéﬁtﬁfg%UceﬁBﬂr, Qﬁ?l%fbﬁrt&ﬁﬁhiyfiﬂius'iﬁ&ﬁﬂ g and

knot-tying device, with the receiving arins of a hook/unhook device

posi t i onedextansion gf mgltipdy tliadsahs pemdugptr@rhgprresiosdimgstessanas holes & t he

crescefs apl b MSEAEIL A bLAPHE EhDRoRH) HOBS GOLuuMA LI NG the

suturing t i's a per I ew a recelrving arm
illustrated i n FIGURE ®3is a perspectivanvidve af atyipical thresdtengbging nevgldlgbltadat of t he

thread by the open thread access slot 5 in the.r VA arm FIGURE 100 is
a perspect ?Qfélsef%%eélﬁfea PEEGY lﬂ%a‘é?re?ﬁ(’%ﬁlétr%g? Fﬁﬁ%ﬁg‘h illustrating
severing of theFtGUREDI afb@&w@rpérs@ieﬁm&h@ict&dﬁ@n?[dt@ﬂl@ﬂﬁrétﬁig&ﬁé tablofde

t hrough the access slot that holds the thread in place, .as illustrated in
FI GURE 99: the movable blade to the parallelogram hole, more particularly the triangular shape of

20  the tab at its lower end where it contacts the angled wall of the parallelogram hole;
FIGURE 96A is a diagram of incrementor blade tabs .extending through
parallelogram holes in the movable housing in close proximity to the needle thread;
FIGURE 96B is an enlarged diagram of a blade tab illustrated in FIGURE
96A;

25 FIGURE 96C is a diagram of the blade tab illustrating the tab and
parallelogram holes before contact illustrated in FIGURE 96B, illustrating contact
between the blade tab and angled wall of parallelogram 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

30  accessory, more particularly illustrating handling of a length of thread extending from
tissue which is sutured and located in close proximity to the thread incrementing
accessory; |

| 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
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FIGURE 101 is a perspective view of a receiving arm illustrating
retraction of 10 the grip/cut/eject blade and preparatory bl ade sl ope into
t he receiwbrg/ozssmt and into the thread access slot to altecmatSovelsy7 ej ect
the thread fromthe slot, in lieu of cutting the thread as illustrated in
FI GURE 100; FIGURE 102 is a perspective view, partially in section, of one
of the recegj.y : il | i SR -@gﬁg@dt a housi ng

encl osi ng gl"%%?‘?’ Xﬁ?@uﬁééﬁ%ﬁ&lz@ol%heaﬁ I usttgg%eelgéli{ n pharftf(g)rrr) for

mani pul at i ngnipuéatingrthosisuedgthreads of the receiving arm FIGURE 102A is a

per spective vie iLvin r j at i j

Fespecti ve accoblOURR P8 Endspdh P bt EoliRla Mot SOMITH FLOURES:,

recei vi ng afome pardcaipdy dlistgtingdngagemhent ofrhieehread by diel apeh thredd acséssalatng t he
rel atiopship_between the grip/eject/cut 20 blade el ement and the inner
housi ngstuﬂgﬂ’élr%cr?b‘ﬂ?%?mbf t he hook/unhook device; FIGURE 104 is a
perspective Vi ep]QUREROAS L heiRpecki€s Qi H¥h REMDinkArh B orcRekuUrROOk device,
with the receiving arns |located in close proximty to tissue _Dbeing sutured
and the suillnstratipg severae of the thieadi yuioawverd gnawamenheidhe sripce/geqt Bladag  knot s;

FI GURE 1054 I I | : .V : bREwPk/ unhook
25 devi ce ﬂ@%@t@gta e%gﬁbﬁ‘?%@@gfg%@%@r%%g%t%Sgg}‘%a@ ]?W(Est rating
engagenent of FESPRE: 10ids b pempaitive yiewnefs feyeiving asmpdlustraging wetrdetion of

mani pul at i the thre e nts_.to . ti knot ikn. the.suturi t hy ead;

1 Guret 06 o e PR Bt Sy s Sl 0o p° et R dblgh

F]Ic GUEES 10éhrediichct s sloths slt@adtivily et ﬂ)ehﬂﬂdﬁﬂﬁbhﬁﬂlbmﬁ)t,&dﬁbﬁ bf(;)agﬁng‘rﬂn:i pﬁl ation
of the 30 receivjing arns to tighten the knot in the threa uring the
suturing ofEragkasd P&ﬂ%@@b}?%oé perspective view of a preferred =
enbodi ment of t ReGIRYSI(DGs abb&@?‘ecﬁ% Uy, paskily phakosl@fbaSof e rdtedvifigcei vi ng
arm extending fromone end of the housing tube in _engagenent with the

| ength of eties Hlustesied o IGHEE PRilattechey te hdopsing grplosing panpo (iipgeg gipes
PCT/ USDR/ 31. j . [ j | ection, of
t he hogii néﬁ%tﬁaé&# ﬁﬂuﬁg? %gﬁgﬁ%uﬁﬁ %ﬁ@%%ﬁoﬁ%@%ﬁ%ﬁ?ﬁﬂgﬁ%ﬁéﬂg %’ntist rating
the internal coRPGURE K24 is atpemspéivsivivy oldrecainthgtdum, ilksteatingrajigament

mani pul at i n? el eme%ts atta%]ggj to the housing tube for manipulating the
recei ving SF WS TCHCENEIRESTH9™S s a perspective view of a unidirectional

device of the cyohURE 103Uk HEid6gectidlalsiel of Hentcdlad 661 akd 63dnftink09A i s an
expl oded view of a unidirectional devjce_i]l Lﬁt rated in FIGU 109, nore
S

particul ar plemepisymoreparigplaheilipstiatine the relatioaship hetvesen theerpy dertsand
connecs Oy, RFBRMAPMY the et RfusH886EAEmBRS XU i8he hook/unhook device;

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
25  device illustrated in FIGURE 104, more particularly 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
30 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;
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10 FIGURE 109B is a perspective view of a preferred di scontinuous-tooth
bevel | ed pinion gear for driving the unidirectional device illustrated in
FI GURE 1W0A3/0BS@JRE 109C is a perspective view of the unipdiTriEsor/sasal
device, with the needle in place and ready for increnmentation around the
fixed way/ case; 15 FIGURE 109D is a perspective view of one end of the

Fixed vy case, piGURuSigsa ) BsAR0E (RN, Blcchllgif Lobich WncHoadag el CUFE, 109

is a perspective view osite end of” the fixed way/case fromthe
end il | ust ilbstated im FIGHIRE 1009more partieidarly {lugsatingt the intanalpomwpnetts ehe i xed
way bl ades; 20 FEl 1Q9F is. i ve. vi recir ver
el enent, iﬂjg I Hf’lﬁé%%%ha@gt errgéglﬁggggrg%fag#& %ln&'e?%ﬁé%t%%hagﬁﬁdg@t%g‘gg@ssﬂ{ unt ed
on the conngeforananiputbeig thedecefving @thswi t h driver bl ades and a bevel |l ed

rack; Fl GURE 109G, j Qt tom per.spective vi.ew af e recjprocagl driver,
illustrated in }%—Y%ﬁeﬁa@ggﬁp e&“fsg?”te?” |aa11111§i“? lP‘aaéBF‘&P‘? ﬂ%‘%f’ﬁ%‘gﬁ’é%vel | ed
rack; 25 F PR otSying B&itM per spective view of the reciprocal driver
with the arcuate needle in place; FIGURE 109 | is a_ bottom perspective

view of the fi xBESURY/1094ds amexnloded view jofp yaidiretiqnabdevigeriffustiéediay el | ed
rack proj egfdiREtdbo, I e 1 9Jis a
top perspegiq}ve v]ilagwllﬁg%fdﬁ?u?% Qlelgu%h?}l %ase )\ﬁdt,?%{/ﬁ%é’ﬁ P?(glgv&\l/?ﬁ%i  ades in
pl ace engagimgctidremambeld reeynt EhdXURErdsténtingedlet op per spective view of the

fixed way/ case t t.o a_ socket.for.attachpgent t n rator; -19 WO
03/ 028841 PCT) LE%SQE%A@?B i BERROCTY B NePeOL 1%?8{%?8%1%6 ?‘%%‘8@??'\902%% ew of the
reci procal belielly@pinidd geat fortdeidtingithe hiGideitiohBdsvidelillistdtediih FIGUREe cabl e

extensions_for receiving drive cables; FIGURE 110B is a bottom perspective
vi ew of anl@Asernative enbodi ment of the reci procal driver further

detailing a drigryGRE! R0t & PSkptilOVichesahY iiirBctibhhVRviteCRith fhe FI GURE 11
OCis a top view of the reciprocal driver, nore parti cul ariy illustrating

the dri ver nésdbedasplaae and ecads Syrdnerewmentsiion aguag thet Wﬁi"‘(ﬂé‘@amusi ng bosses;
FPELL 5 SElOBR A DRSOV ARt SRkt (e
devi ce to {llustsating dilarraytofitheafixetiovdyebladesyur ed and t he positioni ng of the
needle in the dEYéﬁﬁEf eSS zg lpjéris;pe%ti%] View of the opposite end of the fixed way/case
from the end illustrated in FIGURE 109D, further illustrating an array of the fixed
way blades;
20 FIGURE 109F is a perspective view of a reciprocal driver element, including
the three, spaced-apart driver housing bosses mounted on the connection member and
fitted with driver blades and a bevelled rack;
FIGURE 109G is a bottom perspective view of the reciprocal driver,
illustrated in FIGURE 109F, more particularly illustrating the bevelled rack;
25 FIGURE 109H is a bottom perspective view of the reciprocal driver with the
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;
30 FIGURE 109 J is a top perspective view of the fixed way/case with the fixed
way blades in place engaging the needles;

FIGURE 110 is a top perspective view of the fixed way/case connected to a

socket for attachment to an operator;
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tissue; FIGURE 111A is a top view of the unidirectional device 1
illustrated in FIGURE 111, nore particularly illustrating initial

i ncr enentwDIi0od/0285f1 t he needl e around the device and enteriPag/usaz3nst eri al
to be sutured; 15 FIGURE 111 B is a top view of the unidirectional device
illustrated in FIGURES 111 and 11 I A, illustrating further increnmentation

of the need|e tRiGURE {10Q ishidEbh Sﬁe%péaiwwv%@ﬂ@r}@ciﬁ%ardﬂwrm%@tra&posi te

end of the device; FIGURE 111 Cis a top view of the unidirectional device
i |1 ustr at eth FIGUREGORESfittadiwith drile canbe extpaniensdort weeiying|driys catdes; ng

ERe 195 PL L MGORE e 9b BLloR peBeldVe AP oF S AR AL Anpiolhy B o O

FIGURE 112 is a one e an art ernate unidirectional devi ce,
mor e parti dielracipsochl drisek fathendetaiting b tdeiva @blde dxfension fonsevetvénl a driwen al t er nat e
fixed \é\gy; FI GURE 112A is a top view of the opposite end of the alternate
uni directi 6% device illustrated in FI GURE 112, further illustrating the

al ternate drivepriGURERH 00Ts kish vidw FihereBiptstal dvird, MBipaftidaldie 112B is a
top view of another enbodi nent of the alternate unjidirectiagnal device,

wherei n a dbebaiingihe driver Wadgsiin Bie rpspeetive wacednanapairiyes kausigdosisted  way;

FI GURE 112C is Vi f BE-r :

uni di recti onal @5)(38 ev?ggs%tP%gﬁﬁﬁgé%ﬁﬁ%@%%,ﬁﬁhﬁlﬁ?ﬁg second

al t er nat e dhiciprecal idrived) enak patticalady iflustretingwthe; préxti®iReET thepdsvics tatipwiespect i ve
Vi ew, rtially.in section f al.t.er.nate.fixed . I ) hfitted

i th ofGer PRttt rohiitned g, B pdiGhng o8 vl Er bR A R fBRd 7

FI GURE 113tikshep rear perspective view of a forked bl ade device enbodi nent

of the cycling suturing.and knot-tyi deyj ce, in ass | ed, canfi guration
for attachment £&3 (1205 @ toih et o thie wpeyy Oﬂlzflei"’scejqﬁ%%t?%lﬁer spective

vi ew of therdorked 1bhafe, LML ill%s&étingghﬁﬁl RlrenfenfatichBEhE BedlEbfRE 115 is

a perspective view of the bottomslotted case el enent of the forked bl ade
devi ce i | | thetdexiceand enterig e satarial smbe suturedr) GURE 116 is a bottom vi ew of

(he S L0 Faemelitetiaten B piaamae PR ety || 2t
of the for KEGURESdH 1 and\lil t4, illbteeingdteieriincrbinGiiion df3he needle through the
tissue to be sutured and entering the opposite end of the device;

FIGURE 111C is a top view of the unidirectional device illustrated in

FIGURES 111-111B, more particularly illustrating completion of the needle rotation
20  through the material to be sutured;

FIGURE 112 is a top view of one end of an alternate unidirectional device,
more particularly illustrating an alternate driver inserted in an alternate fixed way;

FIGURE 112A is a top view of the opposite end of the alternate unidirectional
device illustrated in FIGURE 112, further illustrating the alternate driver fitted in the

25  alternate fixed way;

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

30 device illustrated in FIGURE 112B, with the second alternate driver in the alternate
fixed way;

FIGURE 112D is a perspective view, partially in section, of alternate fixed

way blades, each fitted with a serrated needle contact area;
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FIGURE 11 7A is a bottom perspective view of the driver element illustrated
in FIGURE 116, nore particularly illustrating a preferred attachnent of
drive cabWwea3/tss4t he driver; 15 FIGURE 118 is a perspecti weTaisemsas7 t he
housi ng el ement of the forked blade device illustrated in FI GURE 113;

FI GURE 118A is a bottom perspective view of the housing element illustrated
in FIGURE 118, MGYRIAI1I &dlrédr!pérdpbeti3tidh b8 raRVMMBd i @dufiddinehtt ab
extensions and weld attachnment grooves for attaching operating cables to
the housi ngf treyelimpreuinpandsnet-fang fedes, e asspahled configiratianelonnd housi ng

el enents of, vice in assenbl ed configuration; FIGURE 120
is a perspeg%%}g%er{t/?%évg% aBleﬂog%E g(?ée forked bl ade assenblies spaced apart to
recei ve the credI6RRE hkpisd botien perdpectivir view o thehferked ditide devicei t her t he

count er Io vvis ar i.se direction in the forked bl ade device

illustr F&Q@ﬂf@ FIGURE 121 is a perspective view of the case
el ement w t h th@lgmm;rvgls afp@fsbe@hvlalx@@b%ftha%ﬁbﬂneﬁoﬁeh%@ dlerdéit ofitidh t he
driver and housi nag el enent (s) seated in the case; FIGQURE 122 is a bottom

per spect i véorkpéRlade deviee duptiaied B GIERES A&P e Bbhf unctional confi gurati on
with the forked Fm}@‘i@?llfﬂs B%&&ﬂnqﬁe& BF tHe Gl tRARALd 1ﬁgsﬁa?éﬁ Be88LRE 115, he

forked bl ade devi ce; is a perspective view of the fixed way

el ement of mqwepamckl@dyllbhsard@ngj@wb@éomlsﬂqis,trat ed in 113; -21 WD 03/028541
PCT/ USQR/ 31487 ?ﬁ of ed way
el erren?gl | I ust rgt:&e} 11]72?@3%!‘38?[‘%&6%& ﬁﬁ{h%@%g'%ﬂcéga ééﬂtﬁ)‘g’gh fo}kggé’li die(oned in
functi onal demnéllgmtraﬂedﬁmFIG’LREllmB FIGURE 125 is a top perspectl ve vi ew of

t he assenbl ed f vice 5 il ustrat i RE 1 wiih the
hy aovere ¥ o el B S p gty ViEG o S AHYET PRI o § ver
housi ng fOElkFIGIbREdIQS R0k JaktkRthrWeillustititnglal RRelfetrad hifRhmeRSEE drfvk Ghbiies 126 1S

an enl ar ged Perspectl ve view of a typi cal forked blade assenbly having a
forked bl adethedlresse proximty to the arcuate needl e, wherein the 10
forked; bl ade as ggl% L4 F @ hBL4RD l\éanﬁ't D t e
needl e FI GURE 1 %g silzglggpglggctt%gfe&?éw g?‘ t% or edf %gﬁegsﬁs?aedr% ly
i |1 ustrat edevicailkisBuREiMPEIURKEI2i n the forked blade is rotated or pivoted

in the clockws FIGURE 118A is a bottom perspective view of the housing element illustrated

in FIGURE 118, more particularly illustrating downwardly-extending tab extensions
and weld attachment grooves for attaching operating cables to the housing;

20 FIGURE 119 is a perspective view of the case and housing elements of the
forked blade device in assembled conﬁguration;

FIGURE 120 is a perspective view of the three forked blade assemblies
spaced-apart to receive the crescent-shaped needle for driving the needle in either the
counterclockwise or clockwise direction in the forked blade device illustrated in

25 FIGURE 113; |
FIGURE 121isa perspective view of the case element with the pivoting
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
30 functional configuration with the forked blades in position for incrementing the needle
in the forked blade device;
4 FIGURE 123 is a perspective view of the fixed way element of the forked
| blade device illustrated in 113;
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direction to engage the needle for countercl ockw se needl e increnmentation
in the forked blade device; 15 FIGURE 127 is a top view of the assenbl ed
forked blwoesdessuice, nore particularly illustrating a forkedSot/ader

needl e- engagi ng configuration to effect counterclockw se rotation of the
needle in the forked bl ade device; FIGURE 128 is a top view of the forked

bl ade device il kystRated ik MvbitddBEspdctite vIBN 6 tRBTkbFWhRElahehd skt | Ny a

forked bl ade needl| e-engagi ng configuration 20 facilitating clockw se
rotation ofn FIGHTREdAB ewitnthe hecuptsrmcedie positienefeini farction®| conRpura2@n is a t op
vi ew of thﬁle;e%lrl,ked bl ade device illustrated in FIGURES 127 and 128, nore
particularly Tl ustrating increnentation of the needle in the cl ockw se
direction by opPI@UREN 26fis atopyiekspettiveopiew af dre assesyhdetsfoviedtdadeatskiceg of t he

forked bl ades in.a rclockw.se confiquration, 25 FIGJRE 129 is a top
vi ew of thﬂﬁﬁg?tﬁ@@ﬁf%{%gdié’i‘@g‘%eé@é’acﬁv 5?18%6(1_ ’F‘_gﬁ?’l" YO0 a material to
be sut ur edparfiBhigrlp Aldstrafihehb Uritéd Houbihgtrbiked BRakd Andrfixed valy ihfiglediakiked

bl ades against the needle to effect counterclockw se rotation of the needle

in the fof3€d bl ade device; FIGURE 130 is a top view of the forked bl ade

device illustr ai’?@?ﬁg b A ql%i%g&?%gpém(fgvﬁﬁ{(ﬁia%g{ﬂlerﬂeh|bH1§Er ating

i ncrementation o need materi a sutured responsive to
i ncr ement agssembbyf havirg hivdsidridpderiol clisé prxinite trethe sravhtemised]e,ovhiesein thy ade

devi ce; . FI 31 is a top.vie f the f.orke | evi illustrated in

i Guretd 1 ek et S AEintetp N opliRai gl MR Bpple U o

i ncrenment ati on BIGURE 1264dk & perspebtMOvIE 62186 4drk e HlAdiS2éEBK8Tusttatedough t he

material t

0 be sutured with the thr .carried throuygh th ut uring
openi ng, rgwgzgowheﬁ?lf‘ﬁ&f%ﬂ??grbi%gﬁf Hiptg Ob?lvftﬁg%&iﬂ‘ie\f’ ?“Xiﬁ? housi ng
el enents ofiiredifaf th ChdeRE (R REGle 46V uierdtb Bdibe deddlciiScramb@Btiod RWhe! the
forked bl ade device illustrated in FIGURES 5 129-131, nore particularly

i 11 ustratifigkedieladodevies; t hrough of the needle as further increnented
througfs the mat gféBRE' G798 BSIEESr b AL IRRG Hald dcoRelbuON T he

needl e 'suture opening, respo onal 1 ncrenentation of the
dri ver andparticuisilyglestiretire foriofd Hlide feodleenighging eondfimuiation tFEfBMRE 133 is a

mor e part | SHEEH R R st SP SRR ip S R dedietitBar i on of the needl e
responsive to i FOGERENDAGS vpOfiew bethdribiked biudd deviee ibwsatedin FIGURES or ked
bl ade device; FIGURE 134 is a perspectjve view of an alternatjve forked
bl ade desi %7 »fogpyre particularly illustrafing a ?orkeci blade nee\élle-engagmg conigguratlon
20 facilitating clockwise rotation of the needle in the forked blade device;
FIGURE 128A is a top view of the forked blade device illustrated in
FIGURES 127 and 128, more particularly illustrating incrementation of the needle in
the clockwise direction by operation of a suitable operator responsive to locking of the
forked blades in a counterclockwise configuration;
25 FIGURE 129 is a top view of the forked blade device placed in close
proximity to a material to be sutured, more particularly illustrating positioning of the
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
30 129, 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
blade device;
FIGURE 131 is a top view of the forked blade device illustrated in FIGURES
1 29 and 130 and more particularly illustrating further incrementation of the needle
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receiving the needle, wth the forked blades in neutral configuration;
FIGQURE 135 is an enlarged view of one of the forked blades in the

al ternat iwe 030285fior ked bl ade design illustrated in Fl GUREPCIAISORBI487
particularly illustrating rotation or pivoting of the forked blade in the
cl ockwi se direction to engage the needle in driving configuration and

driving thgy 8 midferfal'® HeQURirEd iR SHNLPRd Sk RA thrB AR Whklringhe forked
bl ade device; FIGQURE 136 is a perspective view of another design for the

forked bl acesning regnsive tdf frthevingrengatation of the driveyyrE bpgying glesnanéiplvi ew of
the alterngtl i f .the forked blades illustrated in Fl GURE 136;
FI GURE 138&163%%e?§;adg@8§vc%f one of the alternative forked bl ades
illustrated i n FRFORRHAS2i86topndevt 87 thenforked piadeidevicaillugtrated imsFIGIIRBY

engagengnt e alternativ 25 .fork bl ades w LBa ed| o drive the
needl e 1 n Eﬁ%légﬂ?‘gﬁPﬁﬁt’&g]éﬂ?ﬂéﬁsgét,mg:{hﬁﬁmﬁ op %ft ﬁpgﬁ%ﬁ Viewof a

tubul ar f ofeRgh dh@OBrARH A AbridlNG be SiGtddadThe fdan Gatied thedagh thei ng devi ce
in assenbl ed configuration and ready for _increnmentation of the needle for

suturing; MeClREIREPFENg FesPRpsiveRdditiapabincrementatiph phtherdgivgiedndy| ade devi ce
illustrat eﬂ?(“esgf%n‘%lglggﬁt%eég‘%?‘}Fﬂa@g@i‘l@“ is a perspective view of the

tubular fo e devic ustrated in FIGURE 139 with the
needl e- engagi ngFEGEBES! 38 ésmtopdiéw of thedvilted bladedexirEingiated imFISE/RBSct i ve

view of ., a [ ressur ad. assegnbl e in the t orked bl ade
Hovt col0 [ TR B8R Cﬁﬁﬁﬁﬁl“i%?&ng- 1 gt e e gt el - ) e
143 is a paspasdidteenaremsitaiont dfehsdrivergng dob nasiagi theifbdkad blade devicey FI GURE
142 with the arg e _needle in functjon configurati 0 he respective
mounti ng spri nggfl(?‘}iﬁéd%g 131%13{“?1%60%6 WWa‘?fj@@&?tﬁ@a }S‘Je%’flﬁ%g’lﬁee‘iﬁsw for s xed
segnent el RIEBRHIngthe nSedld) GrithAUE ForkddE18dEUR BBlitkal ChiERIrdtioRy| ar nember, with
one of the spri ng@ ressure pad assenblies in place, nore tgartl cularly

illustrating en§ i85 65 amerdareed viewplioag ohiherforked bladewi the altgrmie 145 | s

an explpde ' - bl EUREh j .
illust irsgt i ﬁ)éyétﬂ?(?és?&#e@gﬁae Lirﬁmrjpt;%tl ngl%f ﬁ?ﬁ"ép %ﬁgﬁglfﬁfu%ﬁ%%ﬁmﬁousi ng;
10 FI GURE ddfivotsngaof drediudked blade in the chfckivire diteatiin toengageghanebdld inde

re particularly

R HEN e R T AT e
the forked blade device;
FIGURE 136 is a perspective view of another design for the forked blades in
20  the forked blade device;
FIGURE 137 is a top view of the alterhative design of the forked blades
illustrated in FIGURE 136;
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
25  forked blades with a needle to drive the needle in the forked blade device;

FIGURE 139 is a perspective view of a tubular forked blade device of the

éycling 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
30 in FIGURE 139;
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;
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FIGURE 147 is a sectional view of an alternative preferred bl ade and bl ade
housi ng design; 15 FIGURE 148 is a top view of the tubular forked bl ade
devi ce ilWwogBnatsed in Fl GURE 145, nore particularly illugcratSongi4sypi cal
increnentation of the needle through nmaterial to be sutured responsive to
increnentation of the mddle tube assenbly and the drive spur in

cooperation w t FIGNREILAEHL pakpddiGe MAHSSME BpridiEpad i8Rty IRBtePHRE 149 i's
a top view of the tubular forked bl ade device illustrated in FlI GURE 148,

nmor e part i EUBHRE142| wighsthe ardualy nspdle &1 fumctipral sorfiguaatiosrpnghe raspediiged| e i n
t he counte %hﬂﬁﬁ%@ %gj rection responsive to correspondi ng novenent of the
m ddl e tube ass I'yY7and the drive spur; FIGURE 150 is a top view of a

typi cal confi guFaGURE F4dris ad édatged gerspectiad view dffeefixcdSegmatteerndntofie ar cuat e
needle jllystrated in FIGIRE 139; .FIGJRE 151 . is a.sectional view taken

o ong. 11 nethedeReEhsad buppead g Beular patibesay i 8 B§ P EERIS B o
preferred gREMBLEd RIPIRLL m&rpaht&ddgigriﬁa&ramg chBgenaeeH LictiPRI ¥EB is a

sectional view taken along l'ine 1 152 in FI GJRE 150, 30 nore
parti cul arﬂ&?fleledlﬂist rating the preferred thread-needl e attachnment; FlI GURE

153 is a | ongi tg?%ggg l?ggg glpn%gjéodgd%‘ggfggﬁdg?ip?g&gm{d%g@éjég{,@de devi ce

illustrated in articularly rating ypi cal driver
or oper at partigtlady Mbutreting hbrst pteddreed honitieg dfitxddadtaniteeblade hafsingst i ng

incre tation -24 WO 03/ 028541 PCI/ 2431487 11 ddl. g, assenbly
Lnd SRS, on BIGURR 148 1s § Briitohsd Siehy Stplé biale bttt ana BisiE flutiien 2550
devi ce; FlBIREGURRE 14S imassértlsled configupatidn, alory particdaxdy illustratifg théeiviotibg| ar
forked bl age .device re.partjcularly illustrating a flexible tube
connecti ong{flﬁﬁf’%_@%ﬁ'ﬁ_@lﬂ%gﬂn@8%9%0851Bgaqe device for articulation of the
forked bl ade deyiGERENU? ifa SRE0AAXi&HBF hdhlkckhatiR préferrd] BldidddWla@per at i on;
FI GURE 155 is a sectional view of the nmain tubul ar extension attached to

the tubul beusing destth| ade device for articulating the tubular forked bl ade

devi ceq ¢ esponsi ' f F A ' t hr ough

t he r.els%ecti ve Fg’gm{%rﬂ?%%ﬁ(d g‘ﬁg‘?gggl;ectﬁm%égggl S a%s?gﬁl%%%{g gr\l/i ew of an

ext ensi on EIGUREUMS, mork pﬁrﬁau@rbyiﬂumatingrtypibaigin@mamtamgl qzﬂtbe deddle spur and

,? Llevlt Bgu} 2’&11‘(?] dl gteﬁﬁggggglz@gglé‘gsptogsi% {oeﬁl%ren{erﬁ%accigrq%%] hl%tﬁﬁﬁle%bé he needle in
assembly and the drive spur in cooperation with engagement of the blades on the

needle;

20 FIGURE 149 is a top view of the tubular forked blade device illustrated in |
FIGURE 148, more particularly illustrating opposite incrementation of the needle in
the counterclockwise direction responsive to corresponding movement of the middle
tube assembly and the drive spur;

FIGURE 150 is a top view of a typicail configuration for attaching thread to the

25 - 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,

30 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
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FI GURE 157 is a sectional view of the extension structure illustrated in 15
FI GURE 156, nore particularly illustrating a direction-changing |ever

el enent fwpo osiozssaenenti ng the drive spur prior to drivingPcraSoe/sidBe t ube
assenbly and the drive spur in concert and increnenting the needle in the
tubul ar forked bl ade device; FIGJURE 158 is a sectional view of the

extensi on gidde H’b‘é%séelrﬂligys b4 Phe dril 8 spuf! (SRS erhertt theRéI N fché RULRF Foked
illustrating a typical drive notor and drive gear 20 arrangenent for

drivi ng t helade deftiee;t ube assenbly and the drive spur to increnent the

needle in the t fQr. ice: Fl. i nspective view
of the pl anet argﬁi}l}\(}%ggll gé%?ggge)&il%ggpg@r%g% %ﬁ%@&ﬁgb@%ﬁ%%ﬁn ng and
knot - t yi ngdelése, aaoreartecualytiilasttating v flekiblesibe abinegtian torthé tabnkad faked cul ati ng
mechani sm for positjioning t.he .disc.b ina 25 variety of.positi.ons with
r espect to{’lﬁd‘?rg‘f‘@?‘? ’é?l'r a’ft’&gl& 0 Bf%‘?gglr,ke‘gg%ge‘f%ﬁqt%a QGSHS{(F%@%E??%%%& ive

vi ew of thgsklAREbpitiieel / gear device illustrated in FI GQURE 159; FI GURE

161 is a longitudinal sectional view of the planetary wheel/gear _device
illustrated i n FIGJIRES 5?5392 saetjonad yievsof @P@mmb@?r%te%%%fﬂcgﬁ@@ the ew of

t he pl anet i . Fefih i r.albd

coni cal ceﬁl'g) %ﬂa 95!54 g%ﬁ%d%é(ﬁfﬁﬁgtl?%tﬁ fgrrlg gl’élt%llﬂlnﬁw fgf/ﬂse?g%dg ugﬁg@}gg@%&:%s a top
vi ew of t h® qhesatmnafy cable efringesrentiextensting thoeughthe raspeetize fupuldr| ust rati ng
directjons gf rotation of the conical central gear and the -25 WD

03/ 028541 W82/ 31487 respective toothed rotors to effect a

count er cl ockwi SBIGURE€IF6RE atdctond fvidvhel meedémionstruttuee pidahdieaystemtfor! / gear

device; FIGQURE 164 is a.top Vi of. the pl.anetar el device illustrated
in FI GJREmf’Eﬁ?}f_’nﬁlﬁgéh %S&Eﬂ%ﬁ%@gfgéﬁéﬁeﬁ@bﬁ %&?\Q@ﬁi@m ?ﬁ‘?c(t)n of the needle
through 5 pRikdndltiohd e el fethetibdRehoatditladidete, needl e drive system

i ncluding the conical central gear and the.toothed rotors; FIGURE 165 is a

sectional vi ew BIGUREG ds meactioral yiesy ef the exiension simshire dfustmied iz onj cal

central: ge . ner, 10 d the
R S R Ly L e N S A G
anot her al inerenaniting tlebedrivgrsphmpricr e drivingitbeinididntube hssgohly anddhafties nat e
tooth rotors for increnenting,.the, needle.around.the anekary. wheel / gear
devi ce; FI BURE! 1&F° ?ngﬁt?&?n% tpg; g n?/‘%éwngﬁw ﬁl%fuiaéz?rg?cgélra@? %?Vrléaleévi ce
embodi nent of  FIEURECIS8AYa Sdetibiidl RevabElhls Retentiph Bigudhere iltestrateddh udi ng an

arcuate disc and a _flexible ) . . . .
FIGURE 157, more particularly illustrating a typical drive motor and drive gear

20  arrangement for driving the middle tube assembly and the drive spur to increment the
needle in the tubular forked blade device;

FIGURE 159 is a perspective view of the planetary wheel/gear device
embodiment of the cycling suturing and knot-tying device, more particularly
illustrating a preferred articulating mechanism for positioning the disc body in a

25  variety of positions with respect to a material to be sutured;

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;
30 FIGURE 162 is an exploded view of the planetary wheel/gear device, more
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
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15 rotor nounted in the disc for increnenting the needle inside the- disc
in a suturing operation; FIGQJRE 168 is a perspective view of the disc

el enent oWotohe2§skexi bl e rotor device illustrated in Fl GURETAGH2/3HBGURE 169
is a perspective view of the flexible rotor elenent of the flexible 20
rotor device; FIGURE 170 is an expl oded view of the disc elenent and a

prot ecti verfhadiRet@the RO Hkect B Bolldt&¥lobk®ist MPEmératioA®fMeSkeelle ih he
flexible rotor device; FIGURE 170A is a perspective view of the disc

el enent of therpdafetasy ivicel/gasr devicejevi ce with the arcuate needl e in functiona
configuration i | SC:: ?ﬁsbﬁ i ol i.ew of the disc
and needle ill ugtlér}a edi6|§‘(r\1i?S ai(?%ﬂ?gﬂ X Qr%tﬁ@&]agﬂﬁ%gc%ﬁ@?s‘g%’%e\gtngr i nstall ed

i nsi de t heFHGERE &3, norapartiguladyeilfubteatingl incrementation of thheedilsthrart
increnmepting,th eedl e responsj.ve operation of a.suitable driyve

syst om > Fi kAL wibg witrer By BRBRten of B BN I o ER B P LoBPdent of
the fl exi bbéhtraB@edrah@thsiOvihe@rotomy € particularly illustrating

countercl ockwi se rotation of the flexible rotor; FIGJRE 172 i

| ] . c IS
perspective vi eRIGURENOS IS agpdiional;dew et an @FﬁémtwqHr?fgltr?fh%réMmentmaf@pE 171,

di d fogn; | | [ | ks W&8ihe 26 WO
031 b2ssa1 BOITUSHSI Y B AU TP he ol P Mo By IR REIERIR e 78 <C and

f1exi bl e rplaoetarsnwheel{gaandevigear |y illustrating engagenent of the needle by
the fl g' ble r O%ﬁ(%ﬁ;,]gﬁzf arl?&% s%%l‘gon%ﬂfyi%' ?»ﬁ g%t'r a?@ller Xl’te%tf% dEQ H)'r%l?e ang

flexib rotor, p ical-ar I'ng non-engagenent of

f1exi bl e rotrcalweiithal gememd|atematd tSoth rbtoss foaincrananting heamkedld mrovadtiieai n f or

rotating th flexiﬁl? rotor., within the disc; FIGURE 175 is a side
AT

el evat i on, PRAFENAYVRSELisRadeicfon, of an alternative drive system for

driving the flexiURE @795 alpersh&tive e anpfléxisle oBNEdvie dnftvdnnadlog for
suturing; FIGURE 176 is a bottom perspective view of another alternative

di rect dri the cyelinggvidng ashknobting deyiedénclyding mn eropase disc prse fexible di sc and
operatyng {6 &E&gh&’hﬁm@% "for @ﬁxnléitn%g@ng thE nERdREinkidé the dide BRI ve view of

a pawl and cran evice e e cycling suturing an not -tyi ng
devi ce, wi vperttie;paw and crank device illustrated in articul ated

attachient o &y pkeslo,9Reraler s 35 REEATHindd: SrBERSRERYHE Vi oW o
device illustrated in FIGURE 167; | :
FIGURE 169 is a perspective view of the flexible rotor element of the flexible

20  rotor device;

FIGURE 170 is an exploded view of the disc element and a protective plate for
enclosing the flexible rotor in the disc of the flexible rotor device;

FIGURE 170A is a perspective view of the disc element of the flexible rotor
device with the arcuate needle in functional configuration in the disc;

25 FIGURE 170B is a perspective view of the disc and needle illustrated in
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 is a perspective view of the flexible rotor element of the flexible

30 rotor device, more particularly illustrating counterclockwise rotation of the flexible
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;
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particularly illustrating a disc cover on the disc, with the needle in
functional configuration for suturing; FIGURE 177B is a perspective view
of a typiwealosjpasshi with a V-shaped cam slot and crank instalrhesd2/staer ei n f or
engagi ng the needle by the pawl teeth and 20 increnenting the needle in the
disc illustrated in FIGURE 177A; FIGURE 177C is a perspective view of the
di sc el ement w EIGURE pfsaiglase&is&ﬁméwgf&im@ﬁdfFel;@Bﬁnér?marés a

perspective view of the disc illustrated in FIGURE 177C, = nore particularly

illustrati ngmanlaﬂwélmﬁr@tmg)pngag@l@wuol’ﬁ@lemﬁédlérbaﬁhe flexibletretoried i n FI GURE 25
177C; FI GURE 178168RE PAI HREH, and crank

| ocated in the%él ScC, Pn%rlgggg‘%t%oﬁglu‘%{%ﬁ% I(*ugd[nraatl ngéfzﬂelpgl\re%oved way in the
di sc for r eaicviarly 1ldustnaﬁ&glhm-bmgagemeﬂtlotf atfbmbﬂmroemmmth ageddixcardeed| e ar ound

t he way by.' remen of t.h ot.atiogn of.t rank; 30 Fl GURE
175 1075 BPBFRERE o Aol ot e doryfiing e ATk B P tie 58 at ed i n

FI GURE 178 il UFIG@R@msn@h@ide@rev@ﬂioﬂ pertialf iksdeboh,Ufes alte@a@@driven a

cl ockwi se direction_disen ed fromthe needle; FIGURE 180 is a

per spect i véyawr@\ﬁ?r Vit é%vu%éw tesrim e diesAnddnerpmgaingihe acedie for) GURES 178
and 179, ﬁl’tl cul arIy illustrating further rotation of the crank to
-27 WO 03/ 0285 PCT/ US02/ 31487 effect continued novenent of the paw in
the clockwi se cBI@I@Erb?tﬁl@ﬁbOtwmmﬂ@aqéﬂeW%ﬁfﬁﬂﬁ)@lﬂﬁ@b@m@wdﬁlmwl is a
per spe

pe et Vet AR AP A RS AR B E

driving thde\pea;,{ in the opposite or countercl ockvm se direction around the

di sc and upwar st the needle; FIGURE 182 is a perspective view of
the panl and cr AHKUREA 7705 ppPGRRAse s of o #4 GoRg- iy de e gDt of
particul ar tne dybin? §1It@ﬁlhg1ﬂ1cf HHot-ahe 88L&, weih tBé pAviearelcddik deice iltlistrwtedg t he
pawl and the needle in the countercl ockwi se direction; 10 FIGURE 183 is a
per spect i v& i @fiattﬁféﬁl}ﬁawo aiydicel epskatefevi ce il lustrated in  Fl GURES
178-18 nore paf&hRE [ 0 e crank to
facili g ate ter mF%%tl ngla?rrZDA%//l(gréln{*J G%E&f't%ﬁg%pgfmsﬂ gga‘é@ér%dg‘g%ﬁ\%&%vgnggt of the
needl e i n patieuldily djusErRBUYREJLE 4oves on thpatisp e thi the nedddevndimetiomalpawl  and crank
devi ce I||$OSI{ t :gmlf%r? STFF%GURE 183, nore particularly illustrating
rotation o cra opposite

FIGURE 177B is a perspective view of a typical pawl with a V-shaped cam

r-‘r(D

slot and crank installed therein for engaging the needle by the pawl teeth and

20  incrementing the needle in the disc illustrated in FIGURE 177A;

FIGURE 177C is a perspective view of the disc element with the crank
extending therein;

FIGURE 177D is a perspective view of the disc illustrated in FIGURE 177C,
more particularly illustrating an opening for receiving the crank illustrated in FIGURE

25 171C;

FIGURE 178 is a perspective view of the assembled pawl and crank located in
. the disc, more particularly illustrating the grooved 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;

30 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 illustfating further rotation of the crank to
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direction to drive the pawl in the clockw se direction and upwardly agai nst
the needle, for increnenting the needle in the clockw se direction; FlIGJRE
185 is a werospessti ve view of the pawl and crank device il lpagtusaz/adsi n

FI GURES 183 and 184, nore particularly illustrating additional clockw se
rotation of 20 the crank to drive the paw and needle further in the

clockwi se ditgchh@fhcd’ RBPEniqer iidipati i thSeRBkWEE cofifigurledrs BREkdaged Vi ew of
the pawl and crank device illustrated in FlIGJURES 183-185, nore

parti cul ar fipni themsedlet i ng addi ti onal clockwi se crank rotation to rotate

the pawl in the l. 1.Se..di ' r : : FI GURE
187 is a per spegg ‘?ggiﬁsglvbggé \Q%S§§Ctlgg\5’\ﬁ% waér)] %?%\?Kar{ e‘%{lﬂé%&ﬁ({é(z@gslrt%%egﬁéi n
FI GURES 18BIGBRESMYRel §oamorepdracdlatly illusisatingtfurtherfrotatibee of theockinifere cr ank

rotatiop tqQ. drive the pawl further in the coupterclockw se direction and
away frgm 81’[?51“15@]%%?%{’]1 18 00T ounfe i?%ﬁ’é%ﬁ 1938{1% %’i?/u%\gf ﬁ‘f’ﬁlésc and
crank devi gﬁygﬂd?fu%aq@&qgﬂegdlefl GURES 183-187, nore particularly
illustrating additional clockw se rotation of the 30 crank to effect

operation of thEIGHRE Hids aperpective vievhelibe pavkadseankaleyiqedtustrateddguence.
Desor i pLT Oy e B Alehi Aok FRAA Tk Sy RBIFRH s 01clh bt blonk G| CLURES 1-5

of the draw ngs a prefefred nt o cycling suturing and
knot - t yi ngddetnigdke pfwltdnidshe maedletin the dovntgedleckanisadirdctiost rat ed by -28 WO

03/ 028541 PCT/ U . reference nuneral 1. . Adtr 1.sSi-0n 1200 is
char ac?%ri zed bi?éﬁéﬁgg}’a{f F‘g? ersB%ﬂtliVﬁglreiWc%ﬁ[tﬁ?/P %‘ﬁ%t%néiac,r e %gr\’g%tﬂglﬁfrtat%ﬁ? ow t ube
havi ng a sEIGURIESN 78€k82] igresprhiailarkZiBastramganeuanbhositiontofahd @ to1251

pivotally extending therefrom the transm ssion tube 120Q_.tapetin
nvar dl y adacilHaleSHPHRING EAYPTICL S eV Lad SoRARS BV EBRL of Sirgtecdly 13
el ongat ed gxtggsi on tube 1240 projects fromthe small end of the transition
cone 1245 and termnates at a transition guide cone 1238 (FI GURE 5), which
recei ves and nblAUBEalB4ds & parspective yieshe! the pawhand; qranksdevipeallustrpteddn

preferred i t i i . 1.5 200 is

ount et of GUREo T artpafe bl Bl siaubh B RN ot 01 H3s. A
handl e 1266@irectioattd dde thetpawl frethh cleskwipe H2esticemahd wwardly egaid® the ndedke, t ri gger
1267 for d ivi'n% a ceur ed syt urj n?]ﬁnlfe‘ﬁdl & 52. ﬁli, | lustrated in FIGURE 5) in
the crescefflf BFTROLUNLIEP plls TP PIGFTHISP CHEHOM bed. Internediate the

sel ection bear FIGURECKSSLs 4 pedpéfitle Viter sT1tAOPAW] 41d BokedeliddHlustrafeddni ded a
drive input_section 1200C (FI

col | ar 121BICRBES; e epddsfgoregrivale i gas 248omal i FIHRE! noed! e
50 in bhe feIGhNb iR thehdH188 hici Artherhithd oM Bird@iohiafiind 280D,
including a slide swtch nount body 1211, is al so
disc;
FIGURE 186 is a perspective view of the pawl and crank device illustrated in
FIGURES 183-185, more particularly illustrating additional clockwise crank rotation
to rotate the pawl in the counterclockwise direction away from the needle;

25 . FIGURE 187 is a perspective view of the paw] 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
. FIGURES 183-187, more particularly illustrating additional clockwise rotation of the

30  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
. the cycling suturing and knot-tying device of this invention is generally illustrated by
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provi ded on the extension tube 1200 forwardly of the reciprocation input
collar 1216 and is fitted with a pair of pressure opposing rings 1211A and
a directiwooaoessat or 1214, slidably positioned on the tra&Iniseysws7t ube
1200 between the pressure opposing rings 121 1A for changing the
direction of rotation of the needle 50 in the 20 crescent 101, as further

her ei naf t erreféfsice hb@eral RefActiddshgssitavwubo1 T00 Bardct@izeihg Licawangs it will be

appreciated that the transm ssion tube 1200 and_housi ng 1265 can be
arti cul at edyipdngadlyrsBaneds plopgajed, hajlew tubedayingta selectipe bersing seckep 253 o
precisely rkal to: I { i -\ spect to
tissue to szgl%sn rgtegg’edﬂ.?@%g%%? g?sr}g}? li%ltl*]gmgl}((gg%{sl{eg%({ngggé ?%%81 lﬁognﬂggcr escent
101 on t he 1220 ¢apgiing insvaddiyfat thecoppositesmid 3 idefing atransitR®Cconan24fe Amt i cul at ed

to any.select nale fram far 1 gft position,illustrated in _ElGIURE 2,
Lo a fadr igeata Rl b N6 phdié ok RO Shall 8 bt GRS PAS v e
ext ensi on tanb eerifMlescan th@sitiph izofde dostoVaB8AFUYRET), wiieh releitet RiduUghout a

wi de angle of pitch b gi vot i (%Pth, cradle 1276A aon the handle 1265 and
the extensi® Wbari‘?%ﬁ ‘i?é‘??nbg 8t ’g]ﬂléfaat elgpprgsgied smbgrigngyt pf the

| ongi t udi NahveRtibs Y thdismidsitR tabSH D id MbfAsed Ut EMEAdESn § 8Glki1basA NY

precise positioning of the crescent 101 in a desired position in cl ose
quarters daeatedying hapging §268- dplandle 1260 ipattached tocthe hoysing 1265aud infitsdCURE 4

of theqdraw; ' I -gger
12618, Dan L LreBfEAMm TP AILE akiiba nyRiy Hobale SO RRRGIGA rioHR Y

PCT/ US02/ 314 81 crescent 101 gasi Hek@nafon fietter descliB&ll Antemaiediafel thesdddotioh ube 1141 is
projected fromthe d andl e .1261 t .thread .ingcrenenti ng accessory
(not ill us@?%‘&ﬁo"]ﬁ%ﬁﬁggéfl‘éﬁjﬁ SIEPlég%féenﬁ@diPmWerd&iﬁB'Béthﬁ%eﬂ will be
her ei naf t en26eC (FEYURE S§ tHabf@ludBes Ricipréhtion aiput tlldr 1 SUREoPingfadiie dr awi ngs
in a preferr, enmbodi nent t he, crescent is attached to the tapere

[ f d. enbodi ddﬁl 5 1071 i hed h d

h
transiti on Ygth the tigese [ Aohmdrivingthe ngeilepQ 41 e crasegnt 1900d dispctitans of a
fixed ji9i niedh Ewﬁ@l@secﬁﬁﬂ‘{ﬁ@mﬁ?,l 19&%1%%195 a@ﬁ&@%ﬁ@ﬁn@{ﬁﬁt b%fiytl £, id figsi tion

gui de cone 1238. The joint ba I's seated in the socket cavity 775C of
a socket PREifaden thedxtensiombiberldee Enmwartidy ofithd rediprocationriemiticoltarfldd6 | i t at es

uni ver sal [ | j r ct .to the transition
gui de cone %%&ﬁl{g {13;"%8%%’ %P?Eﬁsﬁlﬁé@ﬁg’%fgﬁh :&ct ‘Aéf“? %%gg%d{oﬁeac%?t@gcent 101
on the joi A214alidablBPositodedain the atesthisdiyn fubal 200 B&oeead therpgdseurar t i cul ati on
cabl es 1256A, 1256B C.and 1256D, ..respectively, .typically. extending

£ r om wi ¢ i RPRORE RoBs 2T Aol Sherie e CroSih ativugnor B Reelhahin g cabl o

hol es 2@384AsesdedB 881, ad Zlfer AB@inkA3BIdscritRgpect i vel y. As further illustrated
in FIGURE 5, the extending end of each of the crescent articulation cables

15 1256A, 1256BReferspgnewdo FIGERE20fike dramingshtwilhbe apprecigiedthatbpod t o
transmission tube 1200 and housing 1265 can be articulated to the left or right with

respect to the handle 1260 to precisely position the crescent 101 in a desired location
with respect to tissue to be sutured. Accordingly, the extension tube 1240 and

25 . crescent 101 on the extending end of the transmission 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

. cradle 1276A on the handle 1265 and the extension tube 1200 can be rotated 306-

30  degrees along its longitudinal axis within the cradle 1276 A, thus further facilitating
pfecise positioning of the crescent 101 in a desired position in close quarters during a
suturing operation. ‘

As further illustrated in FIGURE 4 of the drawings a second handle 1261,
having a second handle trigger 1261B, can be attached to the handle 1260 by means
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correspondi ng base corners 776A, 776B, 776C and 776D, respectively, of the
socket 775, while the opposite ends of these cables are attached to the
| ever 125%p oBlokssstrated in FI GURES 1-4, as hereinafter desarisomsii4ssuch
t hat mani pul ation of the | ever 1251 applies tension in the correspondi ng
one of the crescent angle articul ation cables 20 1256A, 1256B, 1256C and

1256D, to mRRiRKLA @natdicdbENRAHA HdblSHss ¢ et 151;9%@@& Goth the 8&dond
position with resgect to the tissue 100, illustrated in phantomin Fl GURE

5. Accor dihawdly 12§ htoz threafl drorermentingreressory (ot ilwsirated) memuintsd anibe cr escent
angle art |cgel§[:&tt|18 ﬁalrggse}%%ﬂ % Grgﬁelffﬁg(; g ad2pBl. extend fromthe
i ou ran

| ever 1251 connec senbly, sm ssion tube 1200, the
transiti on cone Refetfing 2&ain tueFIéSURE§|afmh¢drbmng§zﬂtDaamﬂerrddrm@d1mbm the

corresponding tr itio ide cone.cabl.e inlet h A, 1238B, 1238C
ond 12580, cF ek T bt i SBE BRRy Shp i concdoiR ot BRneBiRRE socker
775 on then@dee@@erbpni&ﬁs oRefired joﬁlﬁUﬁHWSOCprE\h&M&hb extendfhg 0l ofi 65 of the
drawings in a Breferred enbodi_men invention the crescent

#

i | | ustrat edrapsitien gwifeepne K238 B@PJ@H&P%F%@}S?@%F@W@G@?@@&@% sHab acase
102, whi ch (dafei wd?ﬁvfaemﬂ ﬂﬂé%@c&i{rm?gnd aﬁsoa)\aﬁect%q@amaiégrun?ve&%p 105

betmeen t he exten ends thereof, which case nount ed on t he
socket 775 abgcum?ngﬁﬂlemseen’téﬁhwﬂtlyme@bwtb@ trmslitum g\gda/\mmdﬁgé% bol ti ng,

br addi or, Kk [ u way

di rect :11 gn & Ya Pr Slled uﬁl’vfa E{Iﬂgu sea eégrle%% %Eﬁc‘%{g@e i@gt %{r%gﬁbtg é%llxtgt%%d to
recei ve a b@&‘oM@r%érﬁaﬁgléhrtRﬁTdtidﬁ&%laial%A dDH6B.£1256CLandd@sedj ve d| rection

setting plate 134, the latter of WhICh [ nds b means tlng
conponant s Hrerdals batcalld sciendy o b B E o Graf R Bhe ek

nmount body cdgdshofding Bl hales M3BA an3sBPE32208d 198D Ci%b}ﬁ{cﬂlrél N@s tfllilﬁler
direction of rotatfon of the arcuate needl e 50, further ustrated in

FI GURE 6. TilustrgiedynFEGRES: thegixtending eng of eaghe I@%CTP@E%%W@H@‘W ¢ahiest i xed
vay 150t 986 A elisk A0 ! S B3Nl ERLY B & IR RoAE ngl y- shaped

reci procating rlver e5|gn to I ncre rive the
cr escent - s bapespondiegibese50mers &/ G, I7d6Bj ?)76Cﬁmde7r7lﬁﬂaefdsmytlv¢m qﬁdbascpc&nt of the

d di | ) dri
108, A ar Gt BIe Rl e oo et el G A BRIP eIt TEOLIRRRYE, Ver '
108 for - 10i@BIGURBS atd, ag hewethafteddsbiizédn gach heat atamiailionaedhelebér Mm chis

provided with. a Iength of thread 50a, as further jllustrated jn Fl GURE 6.
Assenbl y oPP@F?é tensPdp theore @Qf?het‘%scﬁli‘t@g lttj&qu $hFrated in

FI GURExG exosph, 1REBT 126v¢: a\&ﬁmz’é@ﬁ%td rﬁmbﬁw@tahabﬂ&uu@e fole ChdsEent @6\1 afiéla 6B,

wherein a segnment of the need 0 is shown in position on the needle
driver 108desited positigh svithgesnerijiorthe tissue dp0.dusiateddn pbanteminFigUBEsY e 134 and

the fixed m}éoﬂhfg%g G2 Bre%&}éd' O JUiRES of the invention the crescent angle

articulation cables 1256A, 1256B, 1256C and 1256D extend from the lever 1251
connection assembly, through the transmission tube 1200, the transition cone 1245,

25 - 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.

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

30  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,
bolting, 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
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136 are all stacked and seated in the trough-1like case 102 and nai ntai ned
in place by any convenient technique of attaching the fixed way housi ngs
104A- 104Dvom3bes4nal | s of case 102.. As further illustratred/isa2/FH4@URE 6B
of the drawi ngs, one of a pair of direction setting access side extensions
141 is illustrated and extends through a case 20 clearance slot 143 in the

case base MigRenturvbbdasdretidn mﬁxég Plageuicsa, @8 atck 9P faichiré@§ndyv@y di rection
setting plate slot 142 in the fixed way direction settlng pl ate” 136, for

mount i ng orf2¥378 OHPRFRING GoBMONENS Seteiefil drsekeditonampnlatieneftheslida o a cabl e
(not il U%Wn%h%un% 21l %&%‘e ernstnﬂ&&rPﬁPQ e ?ozo(fet&-?l%uﬁ%'tﬂedn%}ﬂ h 1211
on o tion o nee

for effecting a changé in the directi rota OaS|t
traverses tdigotatigreef thragtrcmﬂdne@EeSOrﬁlﬁhevrthhatedan iFIGURdFrfi vEhadrteess cabl e

exten n 0 f 6B ext end
From the ssueaiERE it 137 i Saseio S AL whliungrliS Roune st £ ' °°
rﬁm pr ocat |ra@1\de|i |a\ozrresf1368%mglyr-magd§tl fzeb@r(gfaﬁﬁg aﬂmﬁnaﬁc@sfghea toélﬁ?reﬁfegtéllﬁed in
the case e 0 e c and t the aligned fixed wa

di rection %?é't%telthf’gcresﬁfﬂgts al%ffdo‘%ee%ﬁ%%lﬂ atdllféc‘?q %@eddqyrtggpp@ﬂorg@f ﬁleng pl ate
136, and t [eivePdigRtion setiks ﬁl@feal@ﬂelrﬁglaﬁbﬂfto thé pRipBcdthhg dvey fogdi Agction

setting plate 134. A second cab (not il]ustrated) “extends from
at t achnment af%‘%@@“’éﬂ‘i@é%é%é@%ﬂ@@@loé thsresipsgoeing daverd 08 Her r eci procati on

i nput |1 l.

| mer emeat ar TS ar o 0e Bf o AR B2 pa HRBd S nleh PR R  SMe o1
det er m ned Olﬁjbrgqsbfr(maﬁhrtMriﬂhﬂrat@im\HGﬂmfe@tl on setting plate 134 and the
fixed way di rectl on e 136, b VO 03/ 1 PCT/. US02/ 31487
operation of t hé* gs)l %‘:hf%ggp a% V& PRI élﬁ%tf 813'%'?@6?8(3?’—’#%@1?2%%‘5 g

her ei naf t EIFIGUTRIET@éxcepl&BE fixb@way 04,45 1lusGatbd M FIGURINBESNE-6B3 Avhefeit e

drawi ngs the arcu th I’e(ﬁl %rocatl ng driver 108 is illustrated and is fitted

with three Se@’b% P arboygmgn position pa e nsedl f@nvirl’dﬁ ae reedB, nount ed
on a gieup dHossI 089d11i)@escﬁre1eﬂi5n sétﬁﬁ%ﬁﬂte"\f 3t4r11na tRBitedQfay @d’h@ﬁ@? setﬁﬁ%ﬁib }ee | driver

| onger tab clearance slots 8A and 8B). ade group
housi ngs, 13@akerpdl starbel ara}%;eawésmthecﬁm@hdtketcm 1é>>2tamémma1@tamdm platreby

crescent-s Quphousi ng
e L URE AR ALl U0 MG 80 RV
appr oxi mat ef 9aseq0%.l |As fephare Hustftdaen WETRENES bff mdelragmng@ olne osapgsoffl0 and

110B (FIl &U furt ustrated in Fl GURE 7, the
curved neegE rectioy Sg@fl%ﬁﬁfsesﬁ %ffi%ff&ﬁnsém&rlglg\}%l iﬁ‘?trat?(i %‘E‘ﬁe’ﬁ?rg\?'t%‘@ﬂgf fB/e group
housi ngo basleathide Bbt 1UBen tﬂeacsi@e B0 U2 A @ i @sel 1 aridaBroupk kh aﬁgnédrﬁﬁeﬂe bl ade
group housings, 110 and 1, 10 {not illustrated). Furthernore, sets of

opposi t el ywéyélﬁfS%té’G seiggrlai FIQE othe ﬁ?‘%fbﬂéfaﬁbﬂlé%tlé?ﬁééﬁlélg dlate 136 f@rr e
provi ded i ﬁmaﬁm?ga&hthe ABYE dHeMRINNBtRAHRatd 134 SACIABNNLBS (HERIbE @ TN angul ar

rel ationshi
il ustrated) that extends to the components of the slide switch 1211 for effecting a

change in the direction of rotation of the needle 50 as it traverses the fixed way 104.
25 . 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
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
30  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
drives the needle 50 in the fixed way 104 in a direction determined by operation of the
drive direction setting plate 134 and thp fixed way direction setting plate 136, by
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receiving the driver blades 112, respectively. The driver blades 112 are
seated in blade nounting slots 122 provided in the base of the respective
bl ade cl eapanoesssi ots 120, in two sets of six, oppositel pcaitsppsadr driver
bl ades 112 and the respective sets or groups of driver blades 112 are
positioned in opposite directions and identified as 20 forwardly-inclining

driver bl agegadd?Er h0didee] %0 if e hp@ld MeOYFIURES 103)ad Bereiibder further
accordance With the opposite directional positioning of the two sets of
bl ade cl edesgribed.s| ots 120. Referring to FI GURES 7-7B, each of the driver

bl ades 112 typi i r{4,C . Lonl or a

| onger tab 1{p|8§%%eni¥?%sqf 5@3’%%%&%%%%%% k}%)g r%:%ﬁﬁé%]?lgd to a
vertical fdrverll®8hyilhmszatsd afd ia fited math thizenspabddeapretritlate greyy howgingsaf 114.
Each of _th tensioning tabs 118 is further aracterjzed. by a bottom
r ounded englé’iﬁéﬁ ﬁ“ﬁgﬂf}%}}lg 6‘5)811 8@1“?‘}5’3‘033’85%8%\)3%%@%‘# glthﬁrﬂaﬁé’%f profile
117,  havi p@vadPasuliehdrs} fonkdr 46 cRAfhndd d16ts (164 CRIRURER SAWMNIERB)C dRaye needl e

profile 117 termnates in a rounded end 119. Accordingly,  a

t
i | 1 ust r at etheitladel soREhopsINgRel 1§0ind 4 0B are pesifpregiat they xreme£RgS Pt
forvardl y- bRGienR et fbcallh@ AR Fer 1R Bha hSmiAMRRR kSR 0d iand

positioned wt correspon g concave contact 117 (FI GURE 7A)
posi t i onedldcated émtfmgientgr ofitbe resitbentiBg drivenit08y eprrorimatedyl penablly specedhe

countercl ogkw se.di,rection,, Wil e J C et ,of driver

b1 adeslh 155 HeRE oS arcth polinef 1| G EPTGERACIAER® SRS AS ] one

i n the oppfQsgiHeeilttistrated InFIGURE 7)¥be @drved 8bddle PCEIZR2hdL4B 4 grdavewequenti al |y
engage the needl e 50.at the correspondjng concaye coniact files 117
when the nEé%@OWeSQ%SWPQH%ﬁ%PW ¥H€f6%%@§¥%@9u%i‘°%%“e¥5{<®% Sdi recti on.
As further wejllak usthedlRe gkdagﬁio%iﬁgs 110 i1 ©8, (@rRLetdedRf FitiRmhbrRISyOr oup
housi ngs 110, 110A and "110B in the reciprocating driver 108 are each

shaped to &% phepnopiidsidisepsedathenh direetionakiadecleenop sipli Helsarg provided in
facilijategur &H‘ﬁ&ﬁém%fbawﬁ 1%&%%%1-‘?%&?%?0%& aﬂ%fa%ﬁshg&}ttﬁi the needl e

50 increnental ?/ noves~in the creScent by operation o .
r eci pr ocat reggivilrg the drit@dladeet &2, respgetagdy. nTheodrFieCURES bl210e efatedis dr awi ngs

the drive rection setti l. at.e i S si_tioned.beneath an dj acent
the Cect o BlafS FotRRnd Gtk 178 mrRudtelin J8 hasd oR R HsnIRE OgREab R goRE) 208 o
The dri v]§ di(v,e@t\ir@ﬁbt§@$]ﬁi,r¢?p@§iﬁl;edi&§?heﬂsiﬁfvéﬁﬁlagésméz gjnd gl_’e&&spestb&&me_ fi]: apa(rj t
groups of two sets_ each, oppositely-di.sposed, .dual -directi o I Xe

way di r ect PHHOuB ¢ dyepplades H?@a? P%al%}wgm ABRasEe dfsectons pnenfie wne

el ongaged, fordaviy i dhp@enclhng 1'1@Bfang%h§waﬁqqulchﬁarg%ep&a&@qh:zgf the

correspondingly ~ positioned driver blades 112, as ilfustrated in Fi GURE 8.
The top poimntdceprslande witlethe oppadtetdinecienappesifioingief the fwepegiekblade are seat ed

inther es&g&}ai'lé/eesl&g ily@_r bl ade cl earance
Referring to FIGURES 7-7B, each of the driver blades 112 typically includes a

vertical leaf tensioning tab 118 or a longer tab 118A (illustrated in phantom in
25 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
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

30  set of the driver blades 112 (the forwardly-inclining driver blades 112B) are

oppositely-disposed and positioned with the corresponding concave contact profiles
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 -
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slots 120 in the reciprocating driver 108, as illustrated in FIGURE 7 and
as heretofore discussed. It is significant that each of the drive

di recti onweaBessgl pl ate paral | el ogram hol es 138 are shap@dTiusor/bes7
configuration of a parallelogram the angled walls 139 of which

paral |l el ograns are essentially parallel to the respective |eaf tensioning

tabs 118, %Pseaﬁ&tpam? b SRABERLMRS SERAMALIHdIPortdhEs hRivel BRRIORORRsahs 118

in sequence responsive to rotation of the drive direction setting plate
134, for puhpothesneagdeOiiptacberdivewin e dpppsits preleckwise diraciPESAS AurtlgB and 10
of the draw o] LR | GRE I u fkng 110B
segnent of \ﬁH%ggtre gé&g@@%@ﬁné}% %Télglre GEJ&)%Ol S© §I|%F? g%sbt%P gatogsgﬁ%%@r ?hdg‘géug% on the
cor r espondil hgB &etticirediprotatingalriver V@8 dt eadt shapedstetdefing opmsjttlgtdispb3dd of t he

crescent 101.. The forwa el of oppositely-di d driyer blad 112
(t o T of vy STRE BR PR e peliagf S8 entot oo bRiaa o tir ediede o 0 as
they are gleif@Bdles0RBatmBAtaRPHBvERNIBYEdsean] @by SRkatRRCME | eaf 114,

respectively, by rearward setting position of the underlying drive
di recti on &stree¢aiingldaiver 1084,  Accordingly, the forwardly-inclining driver

bl ades 112B ar eyl = Ord _ £ i : tion of
the reciprocati ﬁgﬁgﬁﬁggéaﬁg?ﬁ nt :ﬁ%@ @ggr%eg%ﬁgdégg\?mhes%wfggﬁnon oég‘at he
forwar d ar plate 134 is PGsitidvaiieesath hed adjectinbths@ediprocting drivier QR asoHusteatgrbnsi ve

to operatig t pi,gger in.the cycling suturi nd, k - tying

dovi betl | IERAES ¢ PR FE The G BreEb il TR AN (i barpl 2 [

direction gfacedhbirdgrotpy enNmitsefcati@f dppositei-diggised iusleditdctignglifxeé 134,

whi ch rearward. -33 WO 03/ 028541 PCT/ Uﬁgﬁ/ 3&&8% m)ven;int IS rg:qui red to

bend and s®eY dHectiyspding nate prrallclagmig kles B Brttgertveths si8neied. ' or war d

i ncr ement ahhRRwadlf-BReABEEeaf fRsiodib SablEIRUMACPbS th 60&&%?&%@1}56 forwardly-
bl ades 1" 12B is effected b% contact between the angled

inclining driver é ] i s
par al | el ogpesitionsiddisiyen Blgdesr1 12has iHasippéed inVi B1 Ehetppaertiessed cadvol FI GURE

10) i h ' 5 i ' t1 | . - ext endi
Fonr ¢ Eher SRRy Eoq B bl £9 b B B e SedieoRE b RN B S e
out of conslatst]2@iit lthe teeipreetitgdrb@®@r 108 rasndusdttaiel io FIGUREC arkasitetaorect i on

f dl t..as t. t d,. by the. | | el i des 139
of the. par APFERGh Wit Retiteh: HF e ordaGetseeet MR P R bR e 134
10 Referri pgle 038 41@ shifddR R opfigiitatords apaaitclvdrbmhthehapied whlls opposi te end

of the driver 108 and direction setti pl ate 134 and bl ade, group. housi ng
110, il | u¥hichmamplielogras @fﬁﬁasgmeeélymg?%fo ﬁb@é%ﬁmectzyﬁg?aéﬁr@wm%ﬁb% hk

1 ust @t ednd fe lspbld fo Contddiihbi Bl REGEnRéifing s 1 EQIVRERINGe kb dri ver
bl ades 112C set 1 n needl e-engaging configuration by forward positioning of
the drive ditatestofche dave diragtiph aqt%ngﬂ@ted§4sﬁmmrppse&fi}8mwddﬁemti on of the

forward arrow 1ié'ﬁlusm?edqﬁ‘%fé}bﬁhg%£r§!8%n%% &f?fﬁe 81raw§'ﬁk§ and beginning with
h FIGURE 8A, the blade group housing 110B segment of the reciprocating driver 108 is

illustrated superimposed on the corresponding section of the drive direction setting

25  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
are slightly 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

30  configuration, such that operation of the reciprocating driver 108 in the

~ counterclockwise direction of the forward arrow 110C advances the needle 50 in that

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
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correspondi ng parall el ogram hol es 138 (FI GURE 10) act upon the respective
| eaf tensioning tabs 118 of the rearwardly-inclining driver blades 1120
bendi ng twemsjoztse1 contact with the needl e 50 and thus fa®ciusat/sng?
rotation of the needle 50 in the opposite, or clockw se direction from

that illustrated in FIGURE 8A. The rearward 20 cl ockw se arrow 110D,
| ndi cat es hi&%ﬁ@ﬁﬁ@%z%ﬁemo Beng ahsget&ﬁeﬁﬁwmy dpéufig difer blhdedt B2B firr ecti on.
As illustrated In and 10 of the draw ngs% he group housi ng base

111 of t hefarweidinersmentagon of themegdig S0s Thm benling qtithe wepestivg iarardiyext endi ng

drive 2CCRRin AR PhEINIORS, MG LA IHURLAALE e ol ShBRpde 2 orive

cable crinp f'or Tecel Vi a cab trate hat
connects t sxdéshla%sr eftthp re3pedtive ganahdugram:bdlbsarB RFIGURECH] i they c’mvet he

transm ssiqQn tube 1200 .t o0 te operation..of.t reC| ing driver
108 1 & sPRedRGeReats bif Bl i ApBur B e SRt EnghERe R 1En Ut he
handl e 12 6%e AsirwhldWSincBAiRS diifer 1544 1 IC AP Df totthd eFithhBE abdtind ST
described. Further “illustrated in FIGURE 9 are the downwar dl y- ext endi ng

| eaf tensi Gwingthisenmiprclocksvigs dipgetion ekpeediq mavarans as theyrqro aet digagds 112
whi ch
ich proj Ehetﬁa&ar@(kg@gg@e%gg gﬁﬁeggfanglog%gﬁn gflslng %;m‘iﬁé ¥évd @fecibgar ance

hol es 124 proje corre Ive direction setting
pl at e parant‘eﬂl@glaaaﬁMol es 138 in the drive direction setting plate 134, as

illustrated in etof ore des 541

per U 31487 eGPy iy B HIRTRAREhE AR ot HbRRe BRE 2L, |
recipr ocalt bﬂ@e@ﬂv\éﬁ]f%ﬁaﬁﬁ dnfgcﬁdmwmgqﬂ%htieglnd\btaﬁe poap dousieg did,ect i on ]
setting p e 134 and the drive ss cabl e _ext ens to the
gr oup housﬁ trpfed ds the pppgsite mode of nedle apsraipn &Pﬂfg?t lkb%ra%‘?dgl ﬁan at ed
extendi ng BAT qlgerated REAR redrBrdly %@dhaﬁfgeurwepmaaé@ﬂzmei ﬁﬁle'édlardng@glﬂg rection

setting plate 134, to facilitate driving of the needle 5 g operation of
the reci prexdiguneioartnfervardgositipning phihedirive dirgeticaceitvg pé%@ fPhas Prose 134 in
a sel egted S SSRE e %.Iahnﬁqd rq 8 and
travel fgng Wpﬁctﬁéca&rl}g@?%rf%cat I %O‘%??%fgr nghﬁf}flﬁ és%tlrygt%g In FI GURE 10
i's the direntésponding paslldaphm hodost 8I(FERUREL 0 adjupon itregresimativealeal y from

fixed atta hnent t t rjve dir cti n.10.set 1 The _direction
setting ac é‘§1§’m€’§ f Q@t gﬁ%‘? TSR R y'lﬂ‘g}%gn er%lﬁrag%ﬂﬁ)ﬁencdagﬁ BRI v ough
148 for at taghdreiith the ndedi@bd end thas facﬂitat&tgrlatamdh ofttieaizedls S0éxitended t hr ough

the transm ssion tube_ 1200 . to.th de_swi tch | | ustrated Fl GURE
1. This cofPRBiegH dogkpisediegion: %‘H %gll%%teéﬂ?ﬁ&% %@trw of the

needl e$0 (RckPRe GHERAA0D, Hakak¥ HHBGHRIoRIdr e REiptdegrisll drveer dD8 BELEON
setting plate 134 15 with respect to the reci procatlng driver 108 using the

slide swtdiect®nl, as heretofore described and hereinafter detail ed.

Fur t her d'esl cribad ikl FEIGORESD 4d¥61 0 G5RE ﬁlta.k’v\ﬁ‘f!gs the group housing base

111 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

25 147 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
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

30 118 of the respective sets of driver blades 112 which project through the
cérresponding rectangular drive tab clearance holes 124, for projection into the
corresponding drive direction setting plate parallelogram holes 138 in the drive
direction setting plate 134, as illustrated in FIGURE 10 and as heretofore described.
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paral | el ogram holes 138 in the drive direction setting plate 134, each of

whi ch parall el ogram holes 138 may have an angl ed paral |l el ogram si de angl e
139 for wogagessglthe respective parallel |eaf tensioningpcalso¥iAsSDf the

driver blades 112 and 20 bending the driver blades 112 at each respective

center spring leaf 114, to effect selective engagenent of the opposing

sets of driver Qi@&@ﬁgl&?lmstlbﬁo,mﬁﬁﬂé@1§Q>ft}ﬂ§1ra\bi!n§§|ﬁ:{eg@j§i chtihgF| GURES 8A

and 8B and as heretofore described. As illustrated in 13A of the
drawi ngs t HEVeRESissbewn psgembied aritmibg drige digeciion ssitivginlase E¥hasiddle 8rive he
drive diregt.] l : i IS
i ncl uded i %Hf‘ﬁgc%gégﬁ%%@ ?@gﬁ%%fri%)latﬁglg%%ﬁ Hﬁggggggg;etlﬁggffg% |5r§ qcé@% ating

t he capaci Wyiveot08)iidilhstrated extending ¢meugh ofongbretalh dlearenceanleti46Asipdio to t he

| atter, .and . al.so illustratin o] .d extensi of on et of .the

r espect Pve SpYFATego ﬁ\% p(ﬁfé%g%g to?‘ ‘B[lgateéiq‘gﬂg Pgﬁefﬁ%ﬁﬁﬁ(&gﬁf’l’@@?@bﬁ access
cabl e ext efisd @Biptéchting afiver 108 akith theQirivieBrecti@Cdeptt te 134 6 4 ¥e@éctdd8 and t he
drive directign setting plate 134 bene%t,h the.fixed_ 30 % 104,
respect i veP§SitipgMeftesiyctig e repiReesating Q)ﬁFrolfogtaﬁétréY%Wgﬁ’b‘ﬁ? Re reciprocating
driver 108 ré§probatidgsdrival 6k. a8R6 Tils8Hicdn FREURRA®YS e WGrebfibr Soclis’ @bl ON
setting plate 134 in FIGJRE 13, such that one of the downwardly-extending
drive acce$stensiphd4tpraentingdewnwardly fomaitiedditachmens tthe dpivhdirestiog base 111

of the pecift: i IV el . -
PCT/ US(Bg/ SE%@% %%ért‘gg%ﬂ h%}besclflrr%g %igefttn?é&icp%sﬁcg 1re ae% ge&gég)l(? %{ng}%ﬁig%%ﬁr ough the

cor r espondidirgctidno¢abiendritip ftditzh 148 fohatathiment tdiarcabliei(not ikedttated) whichtie 134,

that leads to the. |l onger tab cl earanc ot 45A, .i rated in FlI GURE
153" che endrBRIGT RS e bRmission ¢ 21 B10e SR aakh 14T TRESHR B cabl o
crinp troughGURE Pf This@osHectish FadilitateexhapsnOhe tBetionWrirbtation bfthst rated 5 i's
one of the downwardl y-extendi ng}édl rection access cabl e extensions 141,

fixed to DRleP) thgicresesnt bpl By mapinylgiioncd thexlivgdireptioneseltinglgiad 3énd of a
directign catl fs g&% the Yégipg&aﬁ_ﬁ%gﬁgé}tﬂo% &fdgggfgide%ﬁt@ﬁ_lélf,%Ehbx%fbf&%bl e

crinp trough 148 of the directi access cabl e extension 141. The drive
cabl e 1247 deswdibethendihereipafteydetailiod.cFutieg dasasibed onRKHIRE 18tare the resppativiet e ends

to the reci i 4N . .. 1216..(and.. rigger. 1 267) and to the
&P do- s ¢ RRERSPRHAI RO B30 By AtRbR R Flaly 150G RahdR)

ger et of or eﬁdnaﬁe]b'gtmdholwfﬁmgylba\rm etngleEII;ﬁ;led Ehsgﬂaiﬁﬂsidéﬁngladw.ﬁ)rof t he

rawi ngs the reciprocatin iver.108 an riye directjo etting
a5 Bt B frabn galeliEh et ba] 1 ahhe A eI a2 Be 1 Fon
beneat ot hBeﬁdiﬁ% theViited Dlddest1Q2iak bathlrbaHebtivd @nted Bprtpdeatill 1y, bfRlement s of

the crescent 101. Furthernpre, in FIGURE 14 the fixed way direction

setting pl aelectiveengagementbel the opprsingssetsasidyiver bladrs 1d2 wWith the peedle h aset ti ng
plate 134, illustrated in FIGURES 8A and 8B and as heretofore described. '

As illustrated in FIGURE 13A of the drawings the reciprocating driver 108 is

again shown assembled on the drive direction setting plate 134 and the longer fixed
25  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
cable extenéion 140 and direction access cable extension 141, for operation of the
reciprocating driver 108 and the drive direction setting plate 134 beneath the fixed
30 - 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
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
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reci procating driver 108 and fixed way 104. Moreover, in FIGURE 15 of the
drawi ngs the case 102 is added to the assenbly and one of the two drive
access cawbas/oesstensi ons 140, attached to the reciprocati mgTdrsoyerss108 and
one of the two direction 20 access cabl e extensions 141, connected to the
drive direction setting plate 134, project downwardly through a case

cl earance gl bP h%ﬂan ! 19 hg 1H€§1%te@%%tenﬁin%ﬁhfo‘ﬂ§h tHe deere§RlIRg sl 4l

direction cable 124 shown as cri r’r? | ace, respectively. The fixed
way 104 oniethpldsive direstion setiisg plate ,meﬂwﬂs toythet longaritsbeciearaeedlatect i on

late 136, 4 ct be spot
\R/el ded or o%‘%’?ﬁ\ﬁmusstge{téflt ﬁlﬁﬁﬁg} to t%g%ggggl%gg&F %al IS?%Hﬂ%nl ng@(? Lry P
assenbl ed terjpiveeabls cnrnpritcmgﬁ 14Ref dterdrivg chblelékﬁ:ﬁ&ﬁl&) Fartherdlldstrandd t he
drawi ngs the fi ed illustrated and des 0 connecti ng
renber <5 156 R T Mg SrecRs it febliestehStnd L AERS {08, w1 h
the fixed wRYirRQUSebESn seﬁﬁfkﬁ:laté@ﬁﬁan&%&vﬁ@%nekﬁ&@f@Hﬁ&dtﬁﬁd:abl@ 19pgced- apart

rel ati onshi ;l)“on t he underside overhead connecting 30 nenbers 150 and 150A.
Each of t h&highyds by cisped inghe digestion eablp crimpAtoughd 48 ebthe diseidlies two sets

of opposi tgéc%é%ﬁéa!bféﬂé;&&mmu@' gk ﬂﬂ(fé‘ﬂﬁb?@? DL, 148 Bird@¥n egﬁeemment i ng

slots 122A r recel ving correspondi ng [ onger tabbed fixed way bl ades
112A, as hesmieptafl bethefoppoditerendietodhe mmromngmhe«bllar 12 s (and tlleciriggetr| GURE 6

ot pribar A AR el SR i 1 e BRly DB BLBESHRYE 1R So

tightly ashéretofisre\desdribed. f rom reci procating. | n this position the f| xed

way receives the rcuate ne “cess | ot .150B, provided
'Y the top: ot Rebrimgae iy 1GORSel Tedd a5 Y S Eatins et PG s bor S
150 and 158Averf108 and @& dit@ diRSHdERM R Sifteand aRCTIQBTHRGRs REnit)&d ity ead 50A

w thout entangling the 5 thread 50A as the needle 50 is increnentally

driven ar oplaged ineassanyteled pegjtiondhengath thesrediwanl O ta Wastrate fherter atsemglydr i ver
108, apsf UEIte{ﬁ%{xﬁ rb?gl?é aalcki O‘i’e%?fthgﬁ%re AR FIGURE TAL e SxédwhY @1) n6, 16, 18,

18Aan 190 W ngs the vay direction setting ae136|s
i |1 ustrat esetiamgiplate kﬁmvadtted tovitterassquuidy iof ﬁieylremglhrectlonssettmgqﬂatéil&@d way

direction settin |.at e ral,l s 138A in 10
spaced- apa’fel"lprr‘e?agpggﬂé’ﬁ @%ﬁgtg‘ﬁeqp%‘r ‘%rﬁ?veerdPF?m @geﬂm shaped fi xed
way dir eciiia@ingsahé cag 1|ot o zﬁldé@ﬁ) e dsseaibly s (bne otalicctpiondrivteiecdsk xatfle way

the fixed way 4. The ts of fixed way

bl ade cl earance hol es ﬁﬁ éﬂ fsfgl
direction SEeRsioNs 0agttachedio ?@F@@?%ﬁ?ﬁé’ﬂ@%ﬂ #Rd opepf Be EvRgiREOR on t he
extendhmg sRds &Meta%erfsiomumwnn&terd%ttﬁeoanseeciutebﬂ&l &lﬁﬁigeplét%%@rﬁo}e%f nmi nat ed

at the inside ends war d-'st andi ng bosses 15 . 136A and 1368
respect i vedwmrz@ndim@r &, casfealeanenaecios A 42 in gre casretBnwish tigrdtiverpgble1 378,

cl earance | 8pe5SeRircbAdcMns 8 tFodNts RN GE SLORSpdAT0y A e KALP ar e

way 104 once placed over the other internal parts, fixed way direction plate 136, drive

direction plate 134 and driver 108, can typically be spot welded or otherwise attached
25  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
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
30 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
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
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shaped in the outside edges of each end segnent of the fixed way direction
setting plate 136 adjacent to the fixed way direction setting plate

par al | el ogyoasioksshes 138A, respectively, as illustrated. PoFdasozbasENnts are
instrunental in cooperating with the 20 drive direction setting plate 134
and determning the direction of advancenent of the needle 50 in the fixed

vay 104, a3of uidiiso Mendy RblRéveaes HonbRLiprddaenk] KediswyitiodithefkdoOn setting
plate 136 is also provided with a coplanar, curved, discontjnuous fixed
way direct Vol Eeeivphide preatte neede 5Q apthemgedle aesspudotiSPReprovidedjatha top set s

of the fi ’é?gﬁ‘éi%é;@g%a{fﬁhib%ﬂve%ﬁ d O\bril Al En A éln%h%%fsﬁ%%hﬁ%?fo% to

accommodat e spective drive access cabfe extensions ext endi ng
from t he oveatingithgneadbcifandaatommodatingghe fld&daiA whkouienwoghimgnthaccess cabl e

ext ensi pns 141 oj gectin ramthe overlying driye directi setting
ot 154, tigad 3Pk Rk RRineRle 50 IntBtofoBl Buee G thdile et SRR B0 i Gres
6, 18, 18AopdBtior6f thd teciitfcatifg @hivehES haMirhgshdrbifafic?@estiibeg. di rection
setting plate 134 and the fiéﬁ%}g&ét&i rection setting plate 136 are

i | lustrated supéySiiHpdwéd 84T 1b% 1345 and 1o thesdrayyings s Bxeddr i ver 108
and the fipeoQhieyonl Qdidy it 896 (ﬂl&%{!ﬁ%&m@?{ﬂm&’& With SMRitd Ifa!(‘% el arly

illustrate <Cooperation between the drive difection settin e 134 and

the fixed velyofifixebwaydirection setting plata paralbdogramdwiesrlaBAi pesittaneddiir ect i on of
needl e. s ot at | an. glaS, - 0] 487 the
range %@ Op%%g%ag%%fﬁgngﬁggﬁ)ﬁgﬁ T %u%g%t‘\é{ggfg% %%%?&ésﬁaéndﬁ’?%%%{ t he range
stop 137Hdirbeidn setit@tpdaic il 36 andiedtriiedilymdtcling e fixed GublddRA)edracatheson an
outside e di dge of qgne, end ically. the receiving arm 101B) of
Phe’t i xed JaTA Tl B HS Pt g Sk ot BRebRey Hirtalon RE5RE Rl ey housi g 104D
of the fi xpggkalielygfdfhdles EBACHaOde tRinfdddRth¥eteliih®edds T tisehitddngayp! at e 136.
A second range stop 137G and correspondi ng cl earance recess 137E (Fl GURE

19) are pr 8¥Peion sering niae | s fearreptcdiztbpinsidseas D wadstandingpassrs
opposi §& exsendhag3 %éﬁf}étg\#e?;g' F%ﬂ%ﬁé@%?h&gn ofthed P37 Ne@hts!R9ATdrged way

direction setting plate | GURE The boss 136B 1s also Illustrated
i n upwar d- $3 @dileryarncenédesgs 43 TIHandb 13 HFrandemitande stips 187K @dd WdyDdie ecti on 10

setting plate 136 illustrated in FIGIRE 19 erves Lo interrupt travel
of 1 s P Slgbed B giotitdd hECos el §id Rameny 38 FRRY PR B D SRR (1 o vy
104, by coplag&ci3omdidcehite thd fixegddvavadirdeaius setgngd PR fardlSdgrarh hplesdSSA,

herei nafter further describ Furthernore, the two sets of .

opposi t el yISPFUNERE2 ﬁl)seétaat%ﬁgﬂefﬁ? glemiepty aLesivgeRrldr oMmErAMest dyiEm  hol es
138A as® alisee Mniseﬁihé‘?lafcé Kﬁdan‘ﬂaiétéiﬂn'irﬁﬁé tHeri%elidd AhdRhdletherBSt thel ong
with an 15 entrance stop 137D and correspondi ng detent 137B, both | ocated

at the oppbegdieS@ithe dixed way &0 ap dipther hereigdien geprriado dbediked wayhe det ent
notch 137) dﬂé&ﬁhtsgﬁin%mglﬁ RRIso provided with a coplanar, curved, discontinuous

fixed way direction setting plate slot 142 that extends between respective sets of the
fixed way direction setting plate parallelogram holes 138A to accommodate the
25  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
. 6B. ‘
Referring now to FIGURES 6, 18, 18A, 19, 20, 21 and 38 of the drawings the
30  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
| 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
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137H. As descri bed above correspondi ng el enents, including a second
entrance stop 137C and detent 137A, as well as a boss 136A, are provided
on t he oppoBwessend of the fixed way direction setting plrarasa8si4and sone
of these elenents are illustrated in 20 FIGURE 39. Referring again to

FI GURES 1, 8A, 8B, 19, 20, 21 and 30-39 of the drawings, shifting of the

drive di 1 eqid @RgsRbb 1T BheHe clfuRBtkdeliel Fi 1A MRNITREAhL Rilg g 8iobi N0

plate 136 with respect to the fixed way 104 (not illustrated rn Fl GURES 20
and 21) t013§th®h1@F@t€éﬂwﬁetenh@0tdi i'ﬁ:(HI 1$A)aloeat@cb0@anowdneedl e 50 in
the fixed , i 8B, 20,
30-33, 38 an (\]iiglée\% (lg} e#lg%%@{sﬁgfrlz% el{c’i&lllgvet {®ﬁ°§'et{8]"r I'n the

cl ockwi se dirceidn sertmgrplatbé% imﬁdﬂwﬂxed%y(hohbmgﬂﬁm eﬂtherﬁxedeweh@ée in

FI GURES_ 30- 3 tion.of .the reci.pr tin drj ver suturin
bor a1 S S o R ey B L Te IR JoB Aastonid inge R T B Lo "' "
contact t h @orr%%éﬁdﬁaﬁ %aﬁhcé REessi 13¢H (WROURE HQE Eﬂe(p?ovii(%dtlh %Q:oﬁ’es}fo@idﬁx%ﬁ

(FI GURES 32, 33 and 38 30 operat.ion of | i de_swi t ch nount body 1211
(FI GURE 1) deteni zotgle i3 cafe%%thwpowexeee%g @idr(e@eqaﬂﬁ adwancing@m® ate 136 in
the directig %?%f&@?ix@ﬁwa GG Qe Gk 135&1@m9§) oS Isgd rated in

Fl GURES 20 and be rea ncl i ni driver es 112C
in each of al:shelhtﬂtxami ig mpwprdmm%@nﬁg@raum@Aﬂmwldlof@E fixdd wigedirestidh e

031 0508 seAn bl L e LTTCIETE Attt P el P RMBIE” | OCalcu

on the | owsvayfiretti@msetting pigte 086 &vith regdect 1ofthé ﬁm&w@et@@;‘bygoﬁtastewﬁﬁ)&e( FI GURE

20 1 e B oA bl R R T
detent 137 the MoQIUTBhsitchyifichdd/Bxh (AL MoR Sl kel 5

shifted in the d|rect|ono he top arr0W|n and as indicated by

t he Ibot t ohPles A 38N BBUASq wowmcayni@ d way %we@nmmg Platepkés alppg pild an
under gge g)é 136D aﬁi’%ﬁrx@gﬁondﬁ{gtgg{een{s ?%7]59 T@@l&g@aﬁﬁi gtqggoygﬂols t& Eﬁcf ated in

Fl GURE over t entr seats 1 n the detent
137A (FlI GJREﬂ@Q:)earance Ineedsi L3EH (lmytedlm ﬁrctdemnt seith 1 3D fpimathe ra@e: stdihe devi ce

i s now set i,nc t he nee cI oc wi.se direction,
bs horer naf 00 ABdeFTTRH oD pusreR eI Bt g S B bop 1 O
drawi ngs stnsTcuﬂ@da%nttllxeA 8 Wikt aslh best 136, Sl%tﬁrb\l‘ige@cbrﬁﬂhe oigﬁésﬂiel’a:nﬂbe

cl ockwi se ctlon(gs i.ndi cat ed by the top %rrowm Fl QU ves the
fixed way gctiompitsngplatel36 and spig of thesp elgments grer E?tf ings t he
forwar g y- i IGURE'T&Q driver blades 11 2B in each of the blade 15 group
housi ng 110, 110A and 11 OB of the needle driver 108 bend to contact the
needl e 50 (FI GUREf@Ang again toHAGHRER L d3 A8, 19n2@ el tand §03%ntdhe duwingst act s

t he boss

shifting of the drive direction setting plate 134 and the fixed way direction setting
plate 136 with respect to the fixed way 104 (not illustrated in FIGURES 20 and 21) to
set or determine the direction of traverse of the needle 50 in the fixed way 104, is
25  illustrated. 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
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
30  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-
inclining driver blades 1 iZC 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

-38-



136B and causes the case boss 102D to engage the noving entrance stop 137D
at the opposite end of the clearance recess 137F fromthe range stop 137H
and nove woas/028she entrance stop 137D, to seat in the novipag/uset/sns? 1378
(FIGURE 21). This action 20 term nates novenent of the fixed way direction
setting plate 136 and facilitates driving of the needle 50 (not

i |1 ust r at egdtehi F70CaRRROkddoasObo ABRELIocARE kiAo bF SR DI theButdie fixed
way 104 byw(;ﬁeratlon of the reciprocating driver 108, as herei nafter

descri bed. wrBfofithd wngledygiag wased 0RI( RE23R). 2osfugthes ifastigtedinFIGHRE s t he
fixed way Iir ectd 100k : [ o f [ ' | ate
134, 1 ool TR EARE LR BEOR B g el ool BT A R Bl 7
confi gur at stop,13%Gtdnd tiedeteans PRTAI Wecqdingdy, dfie drilrei diectiacesisngplbied 3dxs ensi ons
140 and_direction_settin cess cable ions 141, .. respegtively, .

i 11 ust rat eﬁi“%tﬁ Bb@?%?%ﬁ‘o i%‘i%@ﬂ%l&ﬂﬁ@ﬁ 2?1’ %ch?s\}%‘ycaa?(f%éﬁ\eon setting
pl ate sl ot hduen lafrot B4l N FUGWRE &1 i€ eldved wakitrkdpee tpkidd endbAPingichédIRES 22A
and 23). 30 FIGURE 23 further illustrates the proxi mtéﬁOf t he | onger tabs

11 8A of tEGWENG)), untibthegass hass 1 (2 (Hpsimted in HIGNRES 38 3001qes oy gihe | xed
way housin , . 370 [ I ame manner
as the dri %&gégtggi@?ﬁfn%gét glqﬂgg%t?%ﬁggé\t ﬁgggﬁe?g?n%g’&?ﬁ@ onger

t abbed fi xdutectim sbitmggiatd 13 AThd daysterinnew setrfor mcEuRALiRg thexteedld S0 ough t he
bl ade eapance sI.ot(§ 130 iQ terré,e hierxgecé V@é housi ng -39 WO 03/028541

PCT/ US02/ 3 c%%Alﬁefl?rhg PYed way 0% and into correspondi ng fixed way
direction setti Rgfgptiag fow pEFEIURES A9 1 and 84-31 38 el drawings thiktagy ofidlye

direction setting plate 136. The needle 50 .is also.sho in sition in
the recipr 3@&? iilﬁﬁct’é?F‘iS?_EPg plgks _h%nttﬁj%gb&%lae W_é?f“_ﬁ?@ﬁ? m&h‘ﬁ‘%‘ﬁ’&%&fde gr oup
housi ng 11Q-8f if REGURE P Roobd e el WAy d@&idnSsettinkpddté 28@th he cl ose 5
proximty to the fixed way housi n(ﬁ h one end of the drive

104A, wit _
di rection glerkwitg dirpetioneasitha forary ﬁ@n@i@a}g\%ﬂ% hladesot12Bsipsneh offhpbliade 136A on
the ungder : ¥dig hfo'uéﬁgg 116V 1081 8 G bBRFHRE e BR sjzb}ﬁg ﬁ&&&ﬁa

ol y, as
further i rated”i n ’bottom perspective e needl

e 50 is set
for cl ockwhs=llé Hi (AMRIRESA pamdsbe diieewdtedtionsetting plabot 34oenntasts thohossct bet ween

the drive difrection plate 134 e boss, 136A. has, 10 shij f t fixed
wy i r oot 1 Ehd PR B Sece PstlRD Weotiione ARamiShdesis LR kiife.

gi recti On,ﬁpﬁoSQEQﬁdbbﬁg_cﬁb@fleereRB@ 1Bgn@?int£abhgdsfoip>qesdmmigi@¢mh rll 12Adare
ent as the correspondin onger tabs, are_cont y_.t.he slanted or
angl ed  paf¥IERRLE AR 517£§° a@gmothepwéﬂrr %ﬁ%@ﬁi@éﬁ&é& Hiis adiqnon

set ti ngy Pl ab-BinaRARbVeRAEARE AREEFa) ABbetRAG kRS phit@ it aREagetéhe needl e 50
to stabilize the needle 15 50 and prevent reverse increnentation of the

needl e 50 duvinggfdwarcadle A (adt illpmiraghs) icthe oppesiioRESoppterchackwise digctior) 39 of
the draw NGz tﬂel fli)&:%it\{ré%ft ﬁ)48097 o(f)@%{tl%h io(P 'ﬂ'?el reciprocating driver 108, as hereinafter
described. :
Referring again to FIGURES 22, 22A and 23 of the drawings the fixed way
25  direction setting plate 136, drive direction 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,
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).

30 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
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
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sequence of the rotation of the needle 50 in the clockw se direction as
seen fromthe bottom (Fl GURES 24-29) responsive to operation of the

reci procaworig/oesuver 108 superinposed on the drive directcarusszst4Bng pl ate
134, with the needle 50 placed in the 20 reciprocating driver 108 and
extending into the needle access slot 150B, defined by the overhead
connect i ng 1waRhsiBe Ak wadl (LOHR infB%n‘éépdﬁﬁir%' iRA a9 Hiehidd faidl gihe 134 1S
initially positioned as illustrated in FlGURES 20 and 39, with the bl ade
group houdrFlelogmng holer k384t the sixad ey diresticay setting phated 3¢-hEheasediestbndi ng

fixed way i ng - . yier LAt
reci procat ?ﬁgﬂgg%ﬂ%&?ggﬁgg%gﬁrPérlg%%il%{g?ﬁgleggﬁespo%ﬁg%k@?%gg a\?/gy housi ng
104D i n t héhg blrdelgmay hogyng HI0GREe Retjprodhitieg ddvenl®8ds llstrated irselbsd ng pl at e

134 has:previousl e ni. Qul at e opgeratio he .t di rection
setting’ac é%xslmétgﬁ? @wgf%egﬁyﬁyg’r%mﬁgog‘é’ Yvﬁ 08‘65?({]?@%6 ?PY?J@IF%{\CI%PE&G W8 FI GURES
20 and 39 tplats 34 tdting agetdt ih@\cottespoatingbosel 36 Aen Pleain@erkdfi figed Whyist r at ed

and facilitfate rotatiqn the needle 50 in the clockw se direct] on
r esponsi ve J§CHE Seff ﬁgé@ Iesoringly, aéfﬁ“iﬂ]‘f‘éﬂlhﬁgﬁﬁﬁaé‘é PHQTR PEIEPEAEVE 108 and

the drive GIGERE 2Nieaksdlo90 islephR clodfwisd ifQBREIhid hstiGvdd #6d @y 104.
When the bl ade group housing 1 | OB approaches the fixed way housing 104D
in the fix®atigry Asownigst batweesn thedewe diection@lite] Mband the bpssdldiod 186, gri pped

by theqpecifixt ' ' j: riven . ne i 04 to
o of oot out e fhd ey BocddP sty Bala 38 1R yibokitFof LB 0
03/ 028541 BGEEtIB)2Y &kdidived abbVelsThelivager tabHel BREWAS blades 1 1A peiteht &f naxi num

traversal of the recipr.ocati river 10 ith respect t he fixed way
104, the. ndiefeaabily BRd 145 sl kortiitedy Be RERREGH abEedt Tn o i ver 108
and hel d i papllalograay silésel 30ediNelethective fikéd el firection ¥eling Blagsles 112D in the
fi xed way 104 the reciprocating driver 108 is re-increnented 5 in the

countercl ._OBRWIE g@méﬂﬁs HSA and the p prengege theaerdtie 5@ to $tﬁ1@ili§ee@§!n§ec§g in the
positi gs | Bb‘dﬁ&??etv@ﬁ everdd iR BEen2RoR Bt ebde !Slg:dust g@%’%f% Sfehd @% ting

driver 108 is thus returned to the position i In FIGJ "24 and

26 for another $FEGURESEO, 31, 2§r25aidntp eilrtbie duwangsilustiate ameemratiosdl ar ound t he
fixed way . i . ent ialz:Qt-at | .ne..needle 50 is effected
by addi ¢ ofelep S e Fon AR o0 B B ARBIRE AL Rndomt " Tver

108 on t hebbitaeFUAYRES24120) tdsporpdad tbioperatibh ofthe adcistoéatingfdridelREB 27 and 28,

such that the needle 50 is driven progressi .around th erj phery of
the fixed W‘%’A’Sﬁﬁ%‘l &ﬁﬂ&ﬁaﬂ“@ﬁ@n@&‘g E@Eﬂt? @@%}F&%%H §§%aﬁ5§d Wge fixed
way hopsi ngseipkféang @iivd OB, anll @K A6 \floYhe NSRS LT LMt 19 NI&HRA b

reci procating driver 108 reaches the position illustrated in Fl GU&E 27, the

15 reci pr oB¥tqvisghead pemsectinggnemghets 1 rad dalA « Rae déiieecton seiting Bl ses to
the positi @gy g ihitfaiﬁ%« Irpaéiﬁ&he'd 55&@&8@&& FIGERESY hASonGaflliR Blad Jobhe

advanced position ustrate
housing 110 of the reciprocating driver 108 near the corresponding fixed way housing

. 104A and the blade group housing 110B in the reciprocating driver 108 spaced from

25  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 extensions 141 to the position illustrated in
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

30  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
FIGURE 25, the needle 50, gripped by the reciprocating driver 108, is driven along
the fixed way 104 to projeqt outwardly of the fixed way housing 104D, as further
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in FIGURE 27. As the reciprocating driver 108 is caused to nmake anot her
sequential novenent around the fixed way 104 as illustrated in FI GURE 28,
t he needlwo030/028541 dri ven conpl etely across the gap 105 betragdrsor/bast i xed
way housing 104D and the 20 fixed way housing 104A, such that the trailing
end of the. e%dkgﬁg s illustrated in close proximty to the fixed way
housi ng 104t)SU¢ifd 1R EIGYREC A2 Aythgrtioind of 1GRinnsn tiaeersallof they REPrg/h N tO the
position i ket roat j i | QU .after _releasing the
needl e 50, for _ano%#e%%#gﬁgéﬁg?%gébﬁ’egﬁlnge 6@%”&@%%%7%31 edle 50
sequent i al Fi¢ T5¢iptasatingdver 88 amdield e plate bﬁ&e@ée@@&f@lﬁﬁl&hé@ﬁk%}@@ﬂz 25 Under
e

ci rcunst angegeMETPi dhe S JESI o drive the needl’e 50 Iint xed way
104 in the op[e305| f]%mot%le c)éﬁ(fl‘fvg iﬁ‘gc deeiprosetineahiiver A8 tir rerincrhimeneddi on

setti ngd pl it the taunterclochwise diredRib, amsﬁAt%&lﬁ{Fﬁ}ﬁQEi RER 55k and 37 and as
the fixed wa H%%’@ﬁ%%&?iﬁdn Ste 136 in

her et of ore_described, 1o

t he opposi? %s?%%’sénfl?t’ff’ﬁe%’} Fﬁﬁ’i’@%%b_ ab2is reloaset.ahe ngigrbeatidpidvioesdiggect i on
( . . . ; g

setting plattkusk3dindith fdwosBRaSIEABRq i%;*ﬁ{@yg%’g'tfz{‘?{éo gzg;tgérhsgﬁ&%gg Pﬁz S

102D to en e the noving entrance sto
cl earance apang apdrotatiggihemeediarieratndihd 87dd way 1 0DVEoRHRE(t he  entrance

stop 137D dequ&fal rdidki etept nofch 137B. The action term nates
novenent of q}tlhe ffd;éehghvh\)gy gléF g%télé)olﬁ eglgcft?(ﬁ%a fitagnel inggemental ferveicd end i on of

t he arlfow backwadreaversyl of The drivee\168 9 3hd ﬁb@dqg?f R4 18R %%ﬁgdﬁﬂﬁ&mq?eqsc ribed

above in HGYRER 03/,028541 PCT/ US02/ 31487 24- aciT1tates
driving of It he ne%ﬁ%ré SF?‘P%‘ﬁtethSﬁ‘ﬁ ¢ p@1s deiygm praszessivkip meundtheect i on as

seen fr omppeipbwyioﬁﬂteh‘ﬁgeabﬁyaogr%ﬁH%ﬁgIPﬂletagﬁg 1{):? fiﬁg@ gﬁgﬁfﬁp%élbgg}{ér si ng

the operatd \%ﬁal sequence descri bed above S 24-29
of the draw NGy lOBSIEgY Hi, respRetBgRE QA cbordifiglanehdDife of t he dr awi ngs
t he under s¢ edtingtdie e ABTERD t.n 101 i.S | ted (FI GURE 40)

w th tbe R e t%}%gt@o@%%?’ﬂﬂ%g%&lﬁﬁiéﬁ%%’n%ap| 780

oper at 7 velSFIRIBRHEEdsTer 1§ 4gainsislrants (e Beddle Soamidlrbvetd to Wl MRHRA

articul at {10 : e&C 101 with respect to the joint ba 780 and the
transm ssi onnlta{ggtélbg (g%ﬁ'gyfgg%arv a8 tﬁnﬁn ?‘ﬁ‘f E‘gmct?‘%éﬁl:‘@ﬂfie%@@l@luﬂuﬁmnﬁht i on

cabl es 1286MCURE 17568 thé 266BoarihglRPI0S chldkifs htkethfl FLAHRES 40 and

1256 1080l TR ety AQF asiirra in BICURE ictiemetdic s0the Socket
775, th_rodn@%mawgﬁétél‘ycaarogyﬂg%aﬁqoﬁibgfg‘%ggiﬁl{emﬁ%gg%%ﬁgﬁﬁgp% i%ilc]:etand 1238D,

in the transition g t he

resp i vel
cres ?eant gﬁ%ﬁ Wahqeusimg 19¢Ae suchAbatehe traitigg end a66BneddlS 8CisliBluandedlia56D ext end
t hr ough tdlesexbeinst Btﬁé@% t ugh the trapsm ssion tube 1200 to
the sel ecti oe;pgbea.r %}ﬁg soc gg‘%&’%@%ﬁdﬂ“ﬁ’e VERPEPSE{Ng qrivepkps i) ther

returned again to the position illustrated in FIGURE 24 and in F IGURE 29 after

releasing the needle 50, for another gripping of the needle 50 and driving the needle

50 sequentially around the fixed way 104 in the clockwise direction.
25 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
ig positioned as illustrated in FIGURES 21 and 37 and as heretofore described, to set
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
30  causes the case boss 102D to engage the moving entraﬁce 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
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
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herei nafter further described. As further illustrated in FI GURES 40 and
40A, a thread increnenting accessory 1101 is provided on one end of the
crescent wWObsfoess4t he purpose of mani pul ati ng and i ncr eme®Cirngor/bst hr ead
50A attached to the needle 50 as 20 the needle 50 traverses the crescent
101, as further herei nafter described. Referring to FIGURES 1 and 41 of

the draw ngg_ [ ustrated in
FI GURE 41 gﬁ' |ncI g%{egdg \%[e ca%*ée&[f;@?@%%ﬂoﬁﬁef%%%grd&mégghout much

of the | engithactixn etsrseertfremshdc@ssuﬁhetab@@ s:eqwcanmﬂm fixgid veayt i08rbyoaindreing 248

t hat parallels r 2 i.nsi t 25 1200.
Furthor 11 1eeackeoat seferefdetahed fud B Pl RE D G FREURRR A2 BE, 120,
engaged by deawipgacket 1275, the direction actuator 1214 and a bottominsert
1205A and a co ni.on top 0 t hat in li arlyt efine
essont &l | y a STHBS Py to h@ﬁ%ﬁi ﬁﬁ ﬁ@grofgl?r‘%%‘@’él% undegsidedcei vi ng
the four cigsagahbRAGSeenfl Ol &Y (FREURE 4(%5;@1&1 thb2a&B 0212efGo and 12560,

that terminate at one end at the 30 sel ection bearing socket 1253, as

i | | ust r at edockph@dearddhe joirtdialls/ S8xaperatively sennasted te dhesockely 7B dafaciiatsoc ket
1253, through,. HAF%& Eﬁ%@gﬁh@& %&éﬁfléﬁ@zﬁp gt @ ﬁleggiﬁfgﬁﬁlia%d dhpe center

of the extension at t ransi cone and t en through the
ext ensi on ttnabﬁnrbﬁéﬁ)mbbdm@lbybpemsbm Dﬁ‘thegrﬂsdmt amgieaﬂ;@BﬁnadealﬂalﬁSﬁAt,e at the

T Usb 31409 Raartien Tty riyasEa s FIGURE bl BEheI GRS | oo

illustrati @eso@ﬂ‘bea hie &l@él:éht&mk?eﬁﬁhcﬂ@hl@i m1ek2@56ﬁ,n12563am%c1&?cﬁﬁsebenent s of
t he devi ce, 8ng wi,th the trigger 1267 and the trig gechanismfor

operati ng £Kien éﬁonb%@d@&ﬁﬁaﬂ%ﬁ% erﬁoPlFFé77§>r Eémra%tiowa FMeustrated) is
i 11 ustrat edpenihes HBg3 m81326;5.38@ aﬁ&cﬁ%b QEsRctRRRE léﬂl%%%%émeﬁlg@d@%oﬂe?)

whi ch rests onapatformarea 1262, that termnates the top of the handle

1260 and al2$3.i Fupm hat pm@e@mcaqspent@agl@ aftiRiuBURE catips é&i@qd?ﬁwo}%ﬁﬁe
housi ngs 1263, ?E:fgéb %&engrﬂﬁh%% i 8&&&?%%@ H?ﬂﬂdﬁﬁoﬁ%{i"ﬂ@&ﬁ&%@%

facilitate ro 1on housi n handl & 1260.
The cyl i ndiRe@io thosdedimnlbeadng sdckar]tzsxmﬁmaieifarrl%l {HGURIP 1pés t he

cylindrica rec 2 (}H@S suffici nt I nc o facilitate
operati on g‘p{ E‘ﬁb@te‘fé ?-g%e? Ll ﬁ%”i§§4¢ﬂﬁﬁ‘}&& i 6‘39‘5 pi N
1269l ocat e%dréiné:hﬁgh@d;bﬁédig 11865 pr&ﬁﬁ@délhﬂﬁlé ohd df@lﬁ@dfréédéﬁt BOafoPtHe0  FI GURES
46 and 47, there is sufficient space wthin the cylindrical housing base

i nsert 1268WPRRIOE Manipylptingiandinrrementing fieithread 53 ptiaghsd {9 theaeedlps0 @i ng of
the trwgeﬁlerﬁe%ﬁl%s‘érirakz&‘?eslthbg&%enl?wﬁtas anﬁﬁa%maﬁwaéaaaﬁeare the housing

1265 may rotate with 15 respect to e 1260 as 1llustrated in
FI GURES 42- 45 t&efamnmg@rFIﬁéHiES i ané 41 pbdictdrominggthefintetier efitbscent 101,

T ustrated 108G Rbe 1200 1 ifufiff8d SEPORE 490k thelfies a drive cable 1247,

which extends throughout much of the length of the transmission tube 1200 and a

direction cable 1248 that parallels the drive cable 1247 inside the transmission tube
25 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

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

30  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
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.
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i ncision or wound (not illustrated) for suturing purposes. As further
illustrated in FIGURES 1 and 43-47 of the drawi ngs the cradle 1265 is

pi vot al | yweaamest4in a friction-fit in a slot or opening i RCrhsohsusi ng
1265, 20 typically by neans of a pair of pivot pin bosses 1279 (FI GURES 44
and 45) that typically receive a sprocket pivot pin 1277, the ends of

whi ch sprocket é%ﬁzﬁ Ul t votally
nount the cradl ;Rei%%‘% rlFnI the %o%g?%gm%ggh&%ﬁgg%ggﬂ ug%%%lA&lﬂgé further
char act er i heatlloy260, pansing263-midapeailc 1VfHrockmenty of ﬂlesipme,ohltv@:wﬁh&ml e nocks
1276B which.are C apart in.the cradle 1276A in order 5to ceive the
ext ensi on ?‘Eﬁ?{? 1%8? aq%&hggggg ngelanisg foglgp%rla}n%ﬁ YA pYS. ConROnEnts Hla{h%t he
extensi on trédeeni 200 (roafllubeated) ia ilagtraed- dhe heesndl 263ds bduted @gbdsadi nal axi s
in the U shape rectggéacle nocks 1276B with resgqe?ct to the cr dIeOJI,276A to

furt her? f ad?934 GIGURE dddiWhigh I5stned Platpramagt | gfatqu@nﬁteé

(FI'GURE 1) gie'}fahéfé 1380 LAE L S 1MHrRAL relé\éiiﬂ&‘iie {296 @;@UREnm)mﬁd@m &dm e
illustrated in FI GURES 46 and 47 of "the draw ngs 30 the trigger pivot pin

1269 ext enteuditg bffrintorea dpsumgrpgom%math@ipltatfp@m giga é216?et00ﬁqglétaé@rot1ﬁonot pi N
hol e 1273 | b thel?at%uglpé 9%% W#ﬁ?&g%&i@@%‘ﬂabﬁ t1‘36 p%é %lﬁlﬁﬁcﬁ%%%é%g as' wel | as

pi vot al movemnsn I'vot

r esponsi veirdsert IEG@QGBﬁmseBeSMP@f dppdyiliadritad redeptaélle ri@é@ amhhhsjsnﬁ&lem43 WO

03/ 028541 PCT/ US02/ 31487 Referri now I S 42- 9 of e draw ngs
and t ol b1 GRS R et b Gieber 6T oV Gh Bt SR 05 P EEsbpr
segment 1251%@% int 1DB9Usdab@h tHeAohsin ?1@6§Uﬁbeordﬁ1@@ tefertinptaggdinwb t h teeth 1272A
for engagin e teeth of a pair_of sprocket gears 1276 when pressure is

applied toF ?@@Rﬁﬁr@eﬁndﬁidthf%B S‘éﬁﬁc%eﬁésﬁaﬁ? Yitbin thge'yyhndp@alé}qﬁl@mgybésq rigger 5
1267 upwar ﬂ{sxrtqsﬁ's&%d e ﬁ&r@c&?fec%%ﬁ&& 1956‘toli%éﬁta'tébﬁ/%§$ﬂﬂgﬁ‘igeg@r pivot pin

hol e 1273, as I ustrate he two sprocket gears
1276 i s cehlet edﬂmrtnggmi piviok pmj12t6@ £ustb¢matthqmmgﬂd\¢§ mepysprasewEh t eet h

1275A, [ by nean L ot pin 1277
rayai 55 s BROE% ¢ s B RE P00 b Mt B RUBCHARLES 4208 15 RESRLBLIRIED, P 0 ec

al t hough tbesmdsraﬂgefmaﬁ&écmmonellmdeathmemt éula iprecis® pokidohduai ng 1265
by neans of separate not lustrat ed) extending through the cradle
1976 | nt OMHEOR P WPy RpS i ilui}r%i) for W“B’H@gp%ﬁsrg illustrated in FI GURES
44 and 45 of thg fﬂftﬁ’éf"'ﬂ'ﬁg&ateﬁlﬁ FIGURESSPAIdYB-4282hb afavings BOGradlet ached to
the trigger 1267, 1i/pl cally by means of a trigger, Sﬁl’l ng . hoI e 1282A and

the opposi {36%K®ivata ted i g diaetiogpli ing siot@p opepingia fhe Bousingl 38usi ng
Mt o i s on Bay H6ins By bAE oL e R 0 4 e Dot o
illustrat emellElr&dRE adsprockst pivettfied 277, Ithﬁ;cndatoéwmm sprackRtgtvatimh’7 49 t he
tg ??Ejggr UppSIEOJeSc?%lr{E rﬁe h]b%31%g(i56§ P epl%f(r)faﬂ Soutt t?le cradll H%AC&{ gh%&sn?ge fine a
1265. The cradle 1276A is further characterized by a pair of U-shaped, oppositely-
disposed receptacle nocks 1276B which are spaced apart in the cradle 1276A in order
25 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-
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
30 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
pivotal movement of the trigger 1267 on the trigger pivot pin 1269, responsive to

finger pressure applied to the finger pad 1268.
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gear slot 1274, which accepts the sprocket 1275, as illustrated in Fl GURE
48. Accordingly, it wll be appreciated that the sprocket gears 1276 fi xed
to each swoa3m£85420 t he sprocket 1275, engage a separate Pem/usv2/sEerh 1272A
on the bifurcated geared upper segnent 1272 of the trigger 1267 to
facilitate a nore secure and positive rotation of the sprocket gears 1276

and t he sprocke i ORERY M6 S q{ﬁ]ﬁ' ?OH@%E f

trigger 1267 bykgn o%éd;},gor, as Serélgisqlr?a te%/&?%]{rhtgﬁg?m escri e%@l%g?ggri ng to
FI GURES 1 arphrGul&a3thebifutvateds geareiyeppehsegiean §2i2githntriggbe] 2675s azod@e| s
rotatably seat i.n_.the pi | cradle 127 Lh_a Yy u at the
reci procat ?‘?fglsﬁﬁﬁgtmﬁ’o%?tg rﬁﬁ% 3‘%&‘%%8% t}feﬁtF%ﬁP lﬁ%p gf §f§p5%)d%g é‘?ﬁr% 22%6? ovi ded
in the housengrebdBdisiappel @ittt fingdrgue 1268 ofthadigpel 2I67A\ forathgithd wipigent ed in
FI GURE 50. Furthernore, aﬁ further ill uitrat d 1 n Fl $JRE 51, rw whi ch
the housi ngabenvadly asppghibe BHsFERIVPLRIY é%if@?ewg%e PWBEP’&‘&}S\E_% 3t ed that
the rotati AgRPEACKEIFIEDIGE 430 HEBHBF 8 thD sfél*aekéi Re&S et6 R oaterdd dh a7 7,
engages the reci procat|1r12tg7ﬁcol | ar ridge 12161 of the reciprocating input

col l ar 1218xédtormesprecket 1 27Achavirpenreckebtesthr GIRAL bY Bieans of pspsyckelpivdf t hat

rotation of.t S cket AN 1 I } trigger
action as {jlllnellv@g ’ Pir:]h% ﬁ%ﬁ%?ﬁ p%btrl%?sﬁ? ﬁglts §é%%§)§:ig§tlg% h|{°§‘%ﬁithg?5@ear 1216
to slide 127GAm itk heustingd265f althomgh thowadin 12TEA et mngivotally nimentcdd. Si nce

th ' ti -44 WD 03/ 028541 PCT/ US02/.31487 | ], i dge.. 1216 |,
e TPt e Houlite 1 28 Y means (oo ous (o tare) RahRE dpides™ o 0 53)
this confi gldart1290AfiRGIthd ﬁﬂ;ﬁeﬁ-ﬁiEsimgm/&smtlaw,qnumatédhﬁ RGSURES ¢n t ube

a,

1200 in the cradle 1276A throug 60- degr ee rngn e al on%lt he | ongi t udi nal
axis to podidFoafthe deavengss b figeenIpring 1254 hanensend plipphedie the triggery  desi r ed
orientatiofytnsgd LRGBS ) i Hditenti e ut
di st ur bi ng?%éngz%gﬁaggt%e%ﬁce&raggg rggg{??%éleggﬁgzl%%ﬁ@rieggg 111:261%1 I .vm'eth one of
t he sprocktiggeesingll23% s ssaurefito & poarin@attachment st d282mpn thghoysing FlI GURE

51 of e i, 0QS .t Wil gl |4 di I not i on
of t hefgr]ec?%éégé%ﬁﬁa% heimn%%etr 12 §7 ?’3‘? d%%%tgglﬂe t@hle@(]? g%@f:%ér%\ g['é %Bég?ggjoﬁlgs

limted torelaxedipositios jlaskateé iVERFTUREe4T. wWAs fikthhaiilestrated mpf [EIRES 8 ksd 1276B
of the cra 1276A. 10 Referri ow.to E RES. 47 d of .t he draw ngs
Che tr1 ggofd gieared uppesgaesl 20 BE hedribgerd 26 bivt s 6 RknE A cigker  cot h
1272A on t Berkidt upTaLAEHAREe e Ble@ProckBer7 5 SRATMMateldd ZIGURENURY spaced from
the correspondi ng teeth on the sprocket gears 12 by operation of the

bi as in thAceerdinghs its\’piﬂih@@pm@siztegiﬁha&th@smpfa@kg‘?aﬁ {3?7_& fpipddp sageidaodpi vot pin
pivot ) n B TR S e et o B Bl e of the
sprocket t eppdn sd@asn 12T efbe trigwer 1267 torfacikitaiamymors| deaure apdigesitivel 6 | of t he
rotation of the sprocket gears 1276 and the sprocket 1275 in concert, responsive to
manipulation of the trigger 1267 by an operator, as hereinafter further described.
Réferring to FIGURES 1 and 50-53 of the drawings the transmission tube
25 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.
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,
30 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
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
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reci procating input collar 1216. As further illustrated in FIGURE 53 the
cradle 1276A supports the extension tube 1200 in the horizontal

conf i gur awoon/oassdl further 20 illustrated is, a spring-eyepPCod/S2igey

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 f red

qui da post TR QR B e e L PR PP

i nsi de, andnd>53); éhis configorating faciliteks iselegiivevptation ofnthte lestension hpedy€0 irod 1216G

bet ween t he_spring- 25 rod 216 . LNg: eve.rod cap
1216E, ter 'en%?ﬁhlﬁng%gt}g%%%hh%?ﬁydqﬁﬁé) % %1 Ele %gi)s}%{ %’8%“’1%&{2% opposite
t he spri ngtleyaest2iiolD] (Arsipated ROFGURK S s déme@bnérhmcﬁpmislﬂga@mnd@d 1216G

in the extensi.on tu 120Q stret hes the return s |n 1216A d bi ases
t he spr? ngIpEon (et ﬁﬁlf <?> }59“}”6‘18 eHERgFaERLo iREpsating Sollifer ei naf t er

further de%ﬁgb@@ﬂél%%E%Tﬂé’@rd&&&&hﬁb@ﬁ%ﬁtﬁesﬁ&ke5ﬂ27555{&6@m§6 of the
dr awi ngs, gressure is applied t finger 81 1268 and the trigger

1267 in th@g%mrt@ IGUYREO}! effihe deavings ltwéw emye@@tpd/ af thetstidingramgesd t he

bi furcated d
Forwardly PREL O i eabr R ofier Pl clfing BLBRRl b Hof R BT |
sprocket geahart §2a08 betsvepinthettmwioddehapkbd 6dceptaskesnocks 1276BaiflthperadlallIRF6Ahaped
-45 WO, 6)3/ 028541 PCT/ US02/ 31487 el ongated pivot pin hole 1273, until the
tri gge} 1267 engages the trigger' pivot pin 1269. Continued finger pressure
on the trigger Rffrih@heeso FIGURBSAgkea 53%?&1ddiawmgat}@ miggbrt1|267 is

count ercl ockwi se directi pressure i s ed to .the sprocket gears
1276 and flﬁgtra@éi%rei@@élc %Hroalrwatﬂ;&&éeqtgiguf\ aﬁ&letmgﬂ qﬁon i nput
col I ar 121@p§‘ér% F?n@z?c‘l?‘?ﬁsﬁghﬂ%ﬁﬁceﬁ%ﬂi"ﬁ{edéoﬁesﬁﬁdi %‘té’é’tﬁ Bﬁttlﬁ‘edsp%(d&he col I ar

arrow 1216J earward novenent of e reciprocating input
col | ar 121@6@@&&?@ baioppraties of deibias intheririggarsriog 1 282candrthggleek XBF and t he

teeth %72%9 REELRD #nﬁ%o ' p%&ﬁg&&@%@ r&ﬁ%@ b Eﬁwﬁuﬁrﬁ%c{%@”ay of

teeth urcat e geared upper egrren rigger
1267 travespreckétgn&ppmc]l@éﬂ deng with ZMSpairTél sprovhelt geanseld 76y thstsumee e agai nst

t he trlgger 67 als intains, bias in_.the i gge 1282 to

oo 11t o0 SopRehadht P R e e bbb Rl s AR ofe  Tom | D ust rat e
in FI GURE %cl@a@hﬂn ingftit sl M2 6. Kk Edler HRustrdee i FIGIGRE $8 @8etddee i S 1 el eased
fromthe tri Accor di ngl as further illustrated in FI GURE 55

when t he ré%g%‘gﬁmp@rtﬁ harrtepsipn Al 4000 drschosiaoniplrontigeigien and Srther u| |y
traversg t 'ﬂﬁhs‘c}Q{eH‘%éQ ,%g"b%e $6d PEI6RS hAERLRIT é% J@ateégxsfdlé?hé SGERIRCAbL N9 i nput

collar 1216 has nove I'ts maxi mum exten position on the
ext ensi on @ 2@@andHited withhe spréngseysi k216R ﬁOttaqgwmgtaauOJeﬁtnpgmmgmyehmls action

al so forces,{fe $RE LBER B8 yd fotP 216 Gl kG Y £ritél YRng e HiE SPT1 Ng-

.guide post 1216H, which is secured to the extension tube 1200 from the inside, and a

return spring 1216A is provided on the spring-eye rod 1216G between the spring-eye
25 rod guide post 1216H and a spring-eye rod cap 1216E, terminating the extending end
- . of the spring-eye rod 1216G, opposite the spring-eye 1216D. Accordingly, extensioﬂ :
- of the spring-eye rod 1216G in the extension tube 1200 stretches the return spring
1216A and biases the spring-eye rod 1216G rearwardly for purposes which will be
hereinafter further described.

30 Referring now to FIGURES 1, 48, 54, 55 and 56 of the drawings, when
pressure is applied to the finger pad 1268 and the trigger 1267 in the direction of the
arrow, the respective teeth 1272A on the bifurcated geared upper segment 1272 of the
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
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eye rod 1216G rearwardly against the extension bias of the return spring
1216A, due to attachnent of the spring eye hook 1216C to the input collar
t ubul ar baea32B6N 20 (FI GURE 56). Rel ease of finger pres®arashz/anst he
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 opeddigatd f¥ottpehdlé 1 9L in&Pihe 326 P8ihagtd\Re BIgHRPANEORI VO Pi N
hol e 1273, tog'r?el (ﬂ% tgﬂfhe trigger 12%%%&%% i ﬁifkggt hee po‘%at ﬁgﬁgpllﬁl | ustrated
i n phant om12A% FCepeuedsfingsrpressury @URESigmrdA67 SrcesAbespreikot 1375 tago2® t he
trigger 12 J neqsnl: ; t Qo 1275A

t hat engaggglfgcﬁ)gﬂ%gcg?%(ﬁég%@%&géﬁ) raegs r|%Ségq%ltgttﬁee%‘?&{p%g&%e%ﬁa%r gé]gti on

i nput col | and iE@cipadcatingledBngdge 2 tleanddhé seciprocition tiphif dolhir 12 heaext r eme

rearwargd no nt _of the r.eciprocat,i i..n col | ar 16 nsive to
rotati og of str? tgﬂ}oggﬁ%qrwirﬁl 5%?4%@&';@‘@};'{}}%% HHOY H&Eﬁﬁ@ﬂq?&% t hen
returns to Reasvard ngvealenPsahé iediprodakitig iripaik €6l1rN 236 obdufd BBpresadredtd 54 and in

phantomin FI.GURE. 55, by operation of the return spring 1216A. Additional
finger preddtintaingd onithefrigger 1767 apd fhedeeth 13724 Hgxerpebesve spioeket ggatsat i on

a are e d _ _ pears 506
i 11 ustrat ed27@ufiiGHERERB 3rrRp of O 17924 1% hEBifiaead ) %@&ﬁ%gg&é%gr

t hrough anot her sliding sequence on the transm ssion
sequent i al 11§72 phtheitrigeear A6 B paversy-thy eprpdiett goare 127 6. cBrisveondinpedpassuse t he bi as

of theqpet ' -4 . / 2/ 31487 ta drive the
need| el?no;al kélflfi%% r 8%?62%%%6%%%@{;%&%%? S(plgflé;b%él %Afaﬁlgtaq%er ei nafter
further desguinhefdhe Rizfger 1167go itewitmaFpdSURES11&rat&bindIGURE f ahlién dr awi ngs
in a preferye desi hi.s odi ment of the inventiqgn the spring-eye
hook 12160}’5%{3?%@3@{}@ ég’t‘ﬂ*_ée ChEEpEe $IF5E5ETOPh e diBgsid280e rod

1216G, pr ojArebrdirdly, o8 Gitter SRisiritgd @YEICIURE §4 Wherl &b rddpectA® 18aR 12 21A 84! ¥
illustrat egll n FI GURE 56. Furthernore, the spring- eye rod guide post 1216H

i s at t achethegsateddPPrLssemeRisi2dA fellpBavepsrttha comespprding sppelies 2ear9 121, as
furthersi | eskEigiRdtihdy : '@mBQ{ ' .cabl e i nput
stops 1247A an&ﬁf‘%ﬂ%@gﬁ%ﬁdﬁﬁ g%ﬂ%?ﬁﬁ%gﬁ? ge canﬁuéﬂ%ét%de\gﬁsgﬁgl e positioned
on either posik¢nien dfe extensiok dubet 1280 Srons Bieqositiod ilastéfed in hearftamk &tis

transm ssi Qn. S K _of i ei ves the ive ble.1247. The

f or ked tra%és?lr%rngagsloo%?%egé‘% %s%f’é&% & é’é‘%ﬂ@6tt§ﬁ§fgﬂn§'eygé?@o%r§fﬁ%8ﬁpl?%ut f or ked
rod slot 12elro@,12a6Grearivarily adalings theadxeshsion bids@IRe rehfn sty 11 6AhEuET escent
angle articulatjon c es,. 1256A, .also extends through the forked

transm ssi g’nat%SEmfgfgI@‘%Wﬂnﬁ&V%ﬁ?@T Jsmlsﬁjetoéh‘? m@u‘b@gﬁagg@gl@ybaqql@m 57 15
furthezo i | (RIGURK &%).PRelehdedTHigGerAiredshiR fibih @6d irigBeCBlBl mrkdBiay t h respect to
the drive cable 1247, as well "as the location of the four crescent angle
arti cul at i SiiengaBesibe raspedixe teefls 5352 A fomcthe sprogkes gears h26as the tigger ssi on t ube

1200. 1267 shifts on the trigger pivot pin 1269 by operation of the trigger spring 1282 and
the elongated pivot pin hole 1273, to relocate the trigger 1267 back into the position
illustrated in phantom in FIGURE 55 and in FIGURES 53 and 54. Accordingly, as

25  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
reciprocation input collar 1216 responsive to rotation of the sprocket 1275. The
reciprocation input collar 1216 then returns to its original position illustrated in

30  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
through another sliding sequence on the transmission tube 1200 and sequentially

forcing the spring-eye rqd 1216 G rearwardly against the bias of the return spring
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Referring now to FI GURES 58-64 of the drawings and initially to FIGURE 58,
the I ever 1251 nounted in the selection bearing 1252 at the operating end
of the 2®otsaessni ssion tube 1200 is used to control arti earatsopsi4ef the
crescent 101 by operation of the crescent angle articul ation cabl es 1256A,
1256B, 1256C and 1256D, as heretofore overviewed. The selection bearing
1252 movablin bAkS diYe hetRbE BARIREAMNEous PRt heslan 361 BRI TRUNL T N
post 1251A of the lever 1251 exte roug ever unt hole 1252C in
t he cent er bsfeindfier fothec dessribebar i ng 1252 as illust rat ed 25 Accordingly,

the lever 1251 i rtlcul e t he sel ection
bearing 1252 in@eﬁg 8R! %ﬂGp‘g?}#ggg ?(gi ﬁ?éﬁa atl?rgﬂ% eae crescent
?ngl ﬁ a& t id(esi'gﬁgf this eiﬁbdtheﬂ%'f&l@e iny/@iteds, thd amGig- emad]obRSQDSC astatlexdab naf t er
urther _detail e

illustrated i n FI E 58 ar i nsert 1205B,
the top’pult %%Pnfgleyﬁﬁ?ﬁﬂé’fﬂt?o?f%%eﬁg@r]t ?éj B%?J%Cr% ﬁB&P BHERUI | ey
1210A, in poekket 1 Y11 b BertidaiMg i15akhRd JOFIRER Ease] mﬁleghm%b@gn&gabl e 1248

with respect to the operatlng end of the transm ssion tube

Connect i on g rth@a@e posé AB held Iscatigchnddp Ahq teanspissidndube {200 af aspringplate pe
h f 9-64 th
er ot naf L eryaf s St ARLRG n ASGUNE BE! MALIRLIALSAA R ELBHETR.PO- 04 L he

extendi ng en pairs o 00 drive ca Irrec cabl e
1248 pr oj estops rlb#mlandd)%?&anerfgtedmdﬂmfdrwheabldlzmmmz%ﬂdnelé@ﬁ/dlﬁeﬂl 31487

tr ansi iPon Sssha Teed repi ot e AF: B SbabhER Rt ac ek e |
transi ti on viHitieceioaethd A58e cdbe p2uh ltmefoﬂde&@raamgmbumaelz%ﬂﬁ&na@d 775B, to
t he respectl ve drive access Ca%@“ﬁ%ﬁ extsnm ons 140, nected to the

reci procat iHGUgh # (RsiPreemionppyt Gtdal é@x%slfﬁﬁhql petisted 1p FHFERE
ext ensi ons 54 bne@ftﬂ%‘&bi&mf 4210 A1 V@b s f ©SBAORIsS @)Etteﬁd%ghl%hglﬁ fhel34,

respectively. illustrated, the end pairs of the drive cablé 1247 and
directi on cf@nl;p@trallszmsslemmﬂe}@éFand pirellels ihet drivgl dabled@4AnBIEYIREeE t hr ough a
centr al 11?1%91?&% gg 1?151%1 E) htera?regt?diloc%%ié 8%1 %%Ft%stﬁe 5.1%%1

ext en5| ons Ir | on access ca nsions 141.

Simlarly, ctble 124Bssevdl asrtiy bcaircmmfmheafouocremht mgldélﬁ&ﬂanan&BEé,s 10 1256C

and 1256D ct ui de .cone gs 1238A, 1238B,
12380 and %g 1%5%@ g@%@ ‘iﬁ%s ﬁaqsﬁllisp{gl‘}lggﬁgé i on gui de cone 1238
and extend to Sléﬁﬁﬁﬂ apwitb FIGUREQ Sstﬁzla@ﬂ}ﬁ@ﬂfavhﬂgstdhﬁ ihigiblly RATETIE ner s
7T76A, 776B, 776C and 776D the socket 775, as illustrated in FIGURE 5

and her et of 818 lrvse il%-’delaomﬁﬁ‘énbtbﬁé%lp%t@néwa%%i%% thg eperating epd gf the
arti cubgt i g, GABLIES 191000 flslu?s'ég @Qnﬁﬂﬂnoﬁéf&l%%ﬁé?cég@ﬁ! @?g tﬁl £ e

sel ection bearing 1252 as furt erelnafter describ
sel ective nﬁﬂlewmsa@nt@ngbfarmmtmn@gbleﬁﬂiﬁfgI1é5é1311256Ce&mddﬁ5@abi8es 1256A,

12568, 125 gg‘e?o%jrejo%%gg)e\pgd. ffl{é%gfect%}ldb éaﬁﬁg*i 28p Elro%lﬁl? Ii‘i’[solfn at SQFCC%IOI\II géan%lz 51 and

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.

25 = Accordingly, the lever 1251 is articulated with finger pressure along with the selection
bearing 1252 in the selection bearing socket 1253C to control the crescent angle

- 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
- 30 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
will be hereinafter further described.
As further illustrated in FIGURES 59-64 the extending end pairs of the looped

drive cable 1247 and dilfection cable 1248 project from the operating end of the
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correspondi ng novenent of the selection bearing 1252 with respect to the
fixed selection bearing socket 1253. This manipulation results in

arti cul atworsotssthe 20 crescent 101 to the illustrative p@ETIiSOR31487
illustrated in FI GURES 62-64 of the drawi ngs. Referring nowto Fl GURES 1
and 65-78 of the drawi ngs, the direction actuator 1214 is illustrated and

i ncl udes a,di s @QVQF Aot ar base
1214C, thapggﬁgﬁgﬁgﬁgr}g?éc es dl)ﬁ rg%nsmﬁsm olﬁﬁglb ee%%%%%@%%ﬁg%hdl rection
act uat or 12duk 124 5ntherktedsion tuetl QB Iaad pwjfdctifosvthe d:hnsmumm@@d;ne]mi&

airof Siroube BlerapieymBu arh sad THE Ak LSRRaN Ay B2 pai ¢

of directi gfte@didnbl40 colesse o the i&éprobmgtdeﬁbepm& 416 thadiescsiod eettifigt he

t ubul ar _base 1214C of the directi 8 act %@4 As furp;hera(#l | ustrat ed
in FI GURESaesssewbl extensions At sgtending dr pliQn spYIE PAHE Léftor ect i on
;ﬁgl fh éZgrSIr%fe)@cggayé SAd ﬂh%@ rtmﬂ%rg Bt %gibwte Rebit ﬁ@#‘ﬁéﬁdscﬁfééﬁon tagpe 1200

1247 1s fitted with a drive cable sprlng stop 1215C,
while the d24%wmvergecaBlegoinphal 789 andavpigeidthueh ageriratiopening 7§k thessincabl e

spring stop thg‘?ésggitbv Q%V%raké/egs &Rl %ta‘gfdeQ4§hﬂr ec%&lgg s@tﬂg%tﬁghf[%(s)sdé hREL i on

cable spring s are connec n nou rve nount
spring 1216Aem~mhsal4di rSexmilady) thd&emm,g&%ﬁdlﬂammaﬁﬁ@mm,&m@pnnecti ng

rod 1217 p ugh. oe nsi. e transm ssion t sl ot 1200A
fnd a g 5005 s e 55t e B Hshen {2 &R Lbe 1200
and the S|123R3§1¥dImmé‘s@éctﬁl@@)/prlﬁﬂdbd1ﬁﬂ&ﬂ:ﬁ@1ﬁitl‘éﬁ|gmdelc6ﬁ@m}8t&ﬂy adj acent
to the drive cable spring_stop 1215C and the direction caple sgrlngso

1215D ( FI GEFiEndsts) spage aRiirts Bred %ﬁd@aﬁﬁé%fherﬁwweﬁ%ﬁﬁsumé%%@aﬂ %A (FI GURE
68) is al sg,piRfh dPthelsBollel¢75, fathsﬁate@ﬁ?ﬁd@ﬁé@ é?ifd HePofiie! 64N, act uat or

1214 to recelive the directiof connectli ng and a direction
connect i ngThodprSﬂd|enMﬁtbmcmmmtar@iﬁarhgﬂamb&@dﬁé@‘h,slzﬁﬁ& 12ﬁ6@mﬂdng boss

1217C t recti on & I C spri.ng
stop 1 5Dt1]ES c%rIHleﬁ“f) 4 Sree g%)rrlp%m %qz%g%gﬁ}r Eﬁ%ﬁ%ﬁgf dte%é}g)gﬁ of the 10
dr awi ngs, ﬁdcildatagelﬁainq&uhrapmlmfmﬁcif th@ereshenemgl@amaulahmt cablek2286ANn the slide

i ect i on TEThACSPagaR 4a50L5 by higand ShER: Beeriud o BRI ol Bext ensi ve
transm ssi gayrdspbiedia hﬂ)@em@ﬁt%tf tﬂ@s@%ﬁ@:ﬁ@edﬂ%%m%@ Qth r8dpebleto Thefixeli211B,

extendi ng through the transm ssion tube 00 and the slide swtch nount
body 1211, selectigndepning sockqti2s3 adbisgrendpulefionpadtsin articylaipp obtheabl e 1247 and

t he disect £ ]tﬁéﬁl & Shieduaed FI(?@RE $h.49 Jefag. transmi ssion
t ube 1%(? b%%elﬁ %stor ate Sga ‘%%éﬁlgg g%g gtlg ng or ?ectl vely | ocking
the fi xed dmyvimgst ect i on settl ng plate 136 (not illustrated) in a selected
position on t heReferring now to FIGURES 1 and 65-78 of the drawings, the direction

actuator 1214 is illustrated and includes a disc-shaped actuator boss 1214B extending

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

25  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
- 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

30 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,
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
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case 102 (not illustrated) in the crescent 101 (illustrated in FI GURE 1)
and determning the direction of rotation of the needle 50 (not

i1l ustratwa)osjoessthe crescent 20 101, as hereinafter furtremr/udeysusbed.
Referring now to FIGJURES 1, 58, 59, 65-68, 75 and 76 of the draw ngs

| ocking of the fixed way direction setting plate 136 in a specific position

Wi th respe 1&%% ﬁ%@s & 2RAS: si tioning of
the drive g&a’gﬁé glgﬁzs’f e tglltor gt%icgﬁy%gﬁa%&%% E%%lldrill1 t egl'?%asﬁgm ssion tube
1200. Bot h120(0&\ gud amooaihody sRde7slaint?2 12B, tdvetediin thettiapsmissioh dubeA290 ané
arranged ip a..l.oop..at the.operating end of .the . fransm ssi 1200, as
i 11 ust rat etfeSHIEFEAL og% bz?ﬁ&12@’5%%%&%?&%3?8??@?&%@& rlcegﬂlé%ggp%f t he
drive cabl ebl@dtinalsorLM13€GnE dhd dirdckion tikle Springsstae tHSD FAGURE$5ENAI ons 140
extending fromthe reciprocating driyer n he free ends.of the

di recti®dn 1W@HPQW°§P%“?%IP?‘_§EWSC‘F?C{%zf%j(gfﬁ&-gfé%i“_r@ﬁ‘tP@W%aﬁ ‘fh_i‘?g access
cabl e ext epsiRRBadkib1 48 RiRiteBor QRS0 41080 HedeR (Kl diRetibR BoriRbEA P! at es
134 as illustrated in FIGURE 59 and as heretofore described. The opposite

| oop ends ®d 1217 add javdirectitn eonnexting spdita disectiop sequnbspringdi2é 5B cowgcthe

ext ended a[! the t : & Laned. | e top
insert 12 é&g%g?sﬁéagggg %%%dﬁ%%é%ﬁiﬁgaﬁgﬁg? ?aitz gﬁ@yﬁgg{g?ﬁ%%gdl réi n the

bot t om i nsgringls2@b115D. e Apewtingbl, yef¢FnSagEs td FIGHRES6)and BI+-67 ofgbéani cal
arrang nt facilitates -49 WD 03/028541 PCT/ US 1487 vement of the
| ve ! treyaner, Siiog eniiiatch Poie SIRrom R oA 40 e B VBN ey 12708
and bot t omnpihd Wdy121 D Aixed RSHBE Ghhsngkilon tide TR0, Posidbes hetdivetddm r eci procating
driver 108 and the drive direction setting plate . 134 (and, set tgl%e

under | yi ngequngeiing ey 1247 i ealestednasttiongn fegosxteagve Hanspussionuby
" esponsi v e ST o AblBodl sildia1l2eEh! Alterdi AR theldimidfon dibyist rat ed
in Fl GURESS%@- a%gf ag .eﬁ)g}ff%fore descri bed. 1 e tg dir ectfntljn élonnecti ng
rod-to di r &200 a theslide syitchmepunphedy BHd, respeefivebst Thonagiomralsorraovedthey e nount
spring, 1215A serye L QVi | ' L VEs: it the drive
cabl e ]15;475,%\(1%0 atrbxeel%ﬁ r"glg?ki’ eo‘%?egg% ggoiég%ié;ﬁléﬁ %%%é#ed?%{égﬁé%iﬁg@%t %e
r eci pr ocat irfigndsdioretube 1080, an fllustrated cnPEHURES dbiané 6@) foesdeativelydotking pl at e
134 (with the fixed direction 1Q s i,ng.plate 136 i sel ected ,setting),
for pur pos@%ﬁl‘fflmy _qutl‘HbseHB}gé?qﬂﬁﬁgéﬁnoqd@gsgﬁar%ﬁl_iH{asleﬂ‘icgecllpé’él g Opltﬁ%st rat ed
in the Oppéh%btléz%ﬂldt‘i‘ﬂﬁ&a&@fintth@&%s&htIdﬂlegﬂtsfhﬁfédliﬁmGEREUl@taﬁﬂ boss 1214B in
FI GURES 65-67. Referring to FIGURES 1, 58, 59 and_75-78 of the draw ngs the
top i nser t deterpainmgjthe diseption obretating afdee Bepdleinpt Hingeated) An theereseais ni ssi on
t ube 0 spcC i ainserts may slide longitudinally wth
respec tofghé?ﬁhgl?%ﬁ%é%g&t%%%t? ley 1210B is rotatably secured to the top
insert 1205B byRefeanss ndw o PGURES i 38, 521 65268.afbchndi76lof Kee drawings, t he bott om
pul I'ey 121{%@1{1111% orf%eaﬁ)?e%l \%aya i%e%ﬁcbr? get%ir?g It)lg{% 1t§,%ti£%%éci <:e}5c;sition with respect

to the case 102 of the device depends upon the positioning of the drive cable 1247 and

the direction cable 1248 in the transmission tube 1200. Both the drive cable 1247 and

25  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

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

30 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
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 (F IGURE§ 75 and 76). This mechanical arrangement facilitates
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1205A by neans of a conpanion pulley pin 1210C (FIGJURES 76 and 77). As
further illustrated in FIGURES 75 and 76 the top pulley 1210B and the
bot t om puWwoa/01310A 20 are journalled for rotation on thepcagmersidsse pul | ey
pins 1210C in a cavity or opening provided in the respective top insert
1205B and bottominsert 1205A, such that the | ooped end (FI GURE 58) of the

drive cablpgovheaidf the dhioopse Br4Tumd thd@irdctipn pable 8948 driddfBthewdp peldyhe | ooped
end of the direction cable 1248 is | ooped. around %&r@ bott om B Ll ey 1210A
As her et oflgi @B @ad bptieraaullen 2194 Fespettivelh iharnguishdoth g FAPYPItg cabl e 25

1247 and tdied] Gl 1RO dRDiRechidd Sethh@pREd 134 AUEH i \BdeAFRS Fxssinal t ube

1200 to anchor in the respective drive access cabl e extension 140 and
di rect i on ditectiomsptiingplsts 136 ibthe caset K33 responsive toppemipudgsionpfdhe ditertism and

bottom.i nsert. 1 4 h PREYIHE jat. 11k O MG Lt chi , radially
spac egl-s apa?lg {ugt&fté? Z‘ﬁ\iag%lzl%sixg%ﬁenglﬁ%t(}nce §r6 ggé\?]eésﬂd a?%%%fgﬂea@%g%dgﬁ g t'he
crescent aigtioracdnnectingtrodto diadtien niRm6Apring?ABP ahd HEeCliBGtiamcthot86®D as

illustrated in FI GURES 76_and 78. Thi rangenment. facilitates sliding of
the res pecﬁﬁv@g’%%&lﬁﬁglséwﬁ_?? P@Ji“%ﬁa}éﬁ "&g’ﬁlr}g@ﬁ‘iez%oéﬁfonifggﬁdsnlvaGC and
1256D Wi thpleaonPahd iR difd8dmdbieNoEs tand 2QRProatibntdfehdretipoisaiimsativer 1205A,

responsive to operation of the lever 1251 and the sel ection bearing 1252,

to which A8 agdhegomnaaivn dsive dhectiasssivgiRjae d P Seidhthe g dsettanc ul at i on
cabl 6%012%§%g i:?aﬁg’%G ﬂ??&%c?éa%e&i%gﬁ@%fﬁﬂp%% QDAL HRfehhddRp2/ 31487 s
connect ed. action mani pul ates 't cr

_ rescent 101, which receives the
opposi te desatibedf Thisdag iseBustnateddn thecoppositestiding pasitinab petheimetion 12568,

1256C and 1256D. at f rs, of the socket 775 (FIGURE 5) , as

her ei naf t éF &"é’&’?‘f%%%_ﬁBﬂﬂggépﬁg@n%;. @ﬁ t hr eaded hol es 1205E are provided in
t he respecti ve Rufeisingfio FIGURBP 1| 58,39tand 7G58 efittle Gratrivezsiilnt toprimsenisert 1205A
to facilitate insertion of adjusti ol t not il.lustr ) fo

i ndependertéfyB axipeated; anghe {;I‘éttqr%‘ HegHt qg@@% t aPFmEsHign ?‘g)ﬁaﬁtzﬁg &pgh T%‘?bS B and
the babt ofthe hisfiirtsB0p fidd16RRRNIMNG hith efpek® daiRmBI. Stietp biey 1200 for
application of tension to the respective drive cable 1247 an irection

d
cabl e 1248216B issstelly seweakiartie ianitnsrt 1206Pyimens RE2 HeNgyRin 12 0GRef erring
now to Fi %ﬁzggh%? m er> é%éﬁorﬁ%gﬁé?lﬁ%&)fs rB{ﬁ?abW%c o thdBottdnP HREFL I Ve

operating en e trescen e articulati‘on cables 1256A, 1256B,
1256C and 1258 Dyaneans ef acedpimsor puleygiie¢2 1 @H (HEARER76 2807 DFAcUREhe9) at

the operatin nd a 1.5Sl on b 0 i I s of
cabl e set qﬁﬂﬁ"g\%@? mf%é&%s@?‘@ﬁ tﬁe Eogrl’ruifséﬁgf%éﬁéh%%e%f%f)ﬁgﬁgég%ls ots 1252B
provi ded iafe foldfnadled E&trb@od bn BRatipegtiiiniley AilseNd 0CmaBavVigorhuplering252C i s
provided in the center of the sel eﬁzt i on eari n].% 12?%2qst 0 acc mgdat e
anount i ng P;S‘é)‘é‘@“ﬁ@@%@%ﬁ%ﬁfoﬁ}fm% .q5§vaé'ﬁd Sk é"é’t ﬁu?ﬂé’zﬁg@c fn FI GURE
58. Furt hgpsmiend (FRISRESSH) 0@ theRBRGIcHBle 42 24n bS 100p¥@brdbhd theaah Bélley

1210B, while the looped end of the direction cable 1248 is looped around the bottom

pulley 1210A. As heretofore described, the pairs of extending ends of the drive cable

25 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
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

30 and 1256D as illustrated in FIGURES 76 and 78. This arrangement facilitates sliding
of the respective crescent angle articulation cables 12564, 1256B, 1256C and 1256D
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 cresgent angle articulation cables 1256A, 1256B, 1256C and 1256D

s

-50-



in the extension clearance hole 12530 of the selection bearing socket 1253,
havi ng a socket nounting extension 1253A, for nounting the selection
beari ng swolewn28s263 on 20 the operating end of the transmPsIiusn2/sube 1200
(FIGURE 58). Accordingly, the Ilever 1251 can be manipulated with a finger
and thunb to pivot the selection bearing 1252 in the selection bearing

socket 125 et : | L OO fo1t B&ichESRas e :escent
angle arti gsuﬁg?ﬁegt%&cg SZ“?@?&?@ uffgéég%é)&%%%% Oalhglﬁic%gg D, W&l%eh&pgﬁél?é

cor r espondiends aif the crebeanit emglo firtichiation eablesnt256011256B,d8560 anh&256853dbe i ve
crescent angle 25 articul at| 256 1256B, 1256C and. 1256D at the
respective s&ED (r)lifat?"‘g SO%E%S %@WB&S §ﬁ1§m?‘%gbdeosf H Ef?ie @ %rf(ééf’ gi@%vi ty

base 776 eltierddd olest1205Eaedmovidédin the késpBEvB@hds dihthe fopi inkerbEIOSBEBA i S
fixedly _nounted to.the end end of. thg transiotli on i de co?e 1238 and

ing. end of, .
recei ves tﬁlée‘g%mwsm% %%agﬁ%g wsertiopof adigstingd &Sép%l?l Bty foryg
heret of ore ixg&?%de% adﬁ@ﬁﬁ@%'e@fn%%o%iohb@f ‘Jh@Ycﬁ{ ind® 12058 iduah&h&stdn 30

effective t aci litat'e uni versal ‘novenment of the crescent 101 with respect
to the tramsstttli26pAgiepRetivelyeintthgBansaission e 1 20Q@ riapplatpRESeB90BH of t he

dr awi ngs. t}%eiegée{cﬁggdﬁs’é"’céb?e P dirketi i 1348050 efieq BQ&SWQS a

thread i ncrenme accessory I's tllustrated for nountl on one end
of the crewspemting fi@kemivd. handl i ng the thread 50A attached to the m ddl e of

when' udldal one FEHERE APYde FIGTRERorS Becdat ) SHAEE g IRt ed” Ton t ho
recei ving asspedtitBpeppiagichés 6thbe adyRACInal: atituldfidd cablestizoc ) B36BNt 101, as

illustrated Ln FI GURES 40A and_80-82 of, the drawi ngs. It wll bhe
appr eci at ed2p¢Gand 12308) aresesued Weﬁelmtm%ﬁ@%h?%@%liw?mm he

crescent-s B?%Qn% &b Eihe @rahﬁni@siéﬁﬁfo@‘bb(ﬂ th%]@alfyi B%eéﬁﬁ%f%%le sdtepRps Of the

crescent 101 such that 1t can conpletely raverse the crescent 101 and the

gap 105 (FIZRE @ptell in coreesperding hearing tablp slofieBd$2B: previded tntbe seJectiom 101 A
Hih o 0 ' . .
00 G SR R A% By REAd 1A RBMERS OR BABE LRSS Ty

i ncrenent i bgarapcEXS2do yccohfihodase &l emugtiveripdso 1 2@l blemaentbfitheleeaelS1idse 10

| oose thre eadi.n head portign 50D.of. the ad .5 ext endi ng
trom tho nabiaragh PGOREE Ss o EitaBere fibseiech® hbataedas s R oo ohist

sut ured, asn theletfdnkioh @fbatahce MbISWRESE 8Pth8 Ielebicibedting kyckef EFBI hdvingz #9ai n to
FI GURE 80 of .the draw n%s the needle 50 is rotating in, the

count er c| oéRESBOBNTRESiiENFIAs] A Sk nIqUBHina saslestion bearpg sogkst £33 athe
materigh 190, r&tfﬁ? eﬁ&b@ﬁ%&n@&%@ioﬁ%ﬁ(ﬁoﬁﬁé@@%[ | RcofifindifIene X! t 1000,

to 15 create cont’i nuous tunnel iI'l'ustrated i n phanton). The thread
i ncrement i teyer dZTleswdeymanipdlated wdthp fihesr apd thivebt th pésend 0wl egtion gedl e 50

carm! et e 15 UGH8on SRV ok SR AN B 00 e o
respective crescent angle articulation cables 1256A, 1256B, 1256C and 1256D, with a
corresponding articulation of the crescent 101, fixed to the respective crescent angle

25  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
(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

30 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.

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
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positioned for additional penetration of the material 100. As illustrated
in FIGURE 81 of the drawings the thread head 50D of the thread 50A naybe
engaged bwoa3d®sgl i di ng hook 50E to nanual ly take up the @caalsorsuat ed by
the thread increnmenting accessory 1101 out of the thread 50A as the needle
50 rotates and penetrates the material 100. The opposite end or the thread

tail 50C pray. egfpfoallyOfhé | 1%11?%
entrance 100B, "as |? ustrylgsteggnﬁlﬁ %ﬁ&%%&élén%%nfgﬁﬁn%%%sg@é}%%q%gﬁ? ustrates

t he techni cfweth pfecpiyis o tHS epppsitethe aivangingtaginl 10300 fhe criescetl Glhaad 50A
around t he t [ e 50D

proj ects fr!)ﬁqt?%gi ﬁ%‘%c ‘AftaJFLﬁgé ?lﬁjﬁﬁ%l %?%(ﬁﬁ? nlht fl%e%ﬁ%ﬁgm fngf.r@BlaThl s
rraneuver famnsnﬂeratlnm bﬁEIiGURES 40Aemtli80B2 thatahe crescetit-shaped feddée 30i€d in the
t hread | hel f the thread increnentin ccessory
1105 T o sl e e by 105 ShopEt i B piegienh W Sick T 1 SR GORPLL | 1

FI GURE 83, mﬁbtﬂddw@bﬁﬁmsﬁn&mga No5YFIGURE 636 ﬂlerc?a,eerﬁqoi b‘é%eﬁnd the
t hread head 50D of the thread 50A tpo secure two se?mants of “the materi al

100 t oget héhe pdyapcing agn d 0kyapd thegecstying anmé%l?a,rqswge h@vﬂw threadGURES 1, 40A,
84-88 and qgcrglﬁerﬁ 54&@6&5@‘@ lggswftﬂ O 5 Sﬂﬂ;te%@' 51‘1%?(5 1¥ 1101 i s

detailed and is acterized by a I xe ousli ng y nount ed
on the advafcilhg ﬂapaxi oteBepting hecessory ¢ EGLt is %&gi(ldﬂl tGlhREdle ﬁﬁd Me@ﬂb’nﬂﬂﬁ54l

PCT/ USQ2/ 314 h f Qusi g ced- apart
housi nd O 1P0cE yitlleadidf el Pl BRI obi &Nt bRt S g RS
Ef)r'é i on of rebdie EOLrﬁltn@naﬂglldﬂ)&avb?&Bamalt&ﬁipﬁmw/bﬁ smmamdlslmmhetredm@vabl e

ades 111 e ades. 1113,. eac a conc contact areas 11
14A, proj egﬁIGWM%oAF% elF’PﬁélgaM&?)H@ggBo%%B li¥‘ﬁ deawings e ot s 1146,
respect i velngedlob0 dedinkin ﬁlereaualaaodm@ dcidd 2 Rewbd ﬁ@ﬁ%o{ré@d@ﬁm@ he
fi xed housin 1120 RE 84). The h@?ﬁ? dSm)vabl e blades 1112 and the

an

novabl e bl¢& éeqﬁﬂ é?‘é@itthp fRtEAnge § ¢xots tha peikrigh vtheledt 100G, He
bl g<h d 50A
movabl §5hoysing, éollaﬁuéa 4900 f@@tﬁ%ﬂm%ﬁlaﬁ Bp @1% ﬂ)t%ﬁﬂyﬁu}é%[ cad

at the concave contact sur respec e ne
traverses thessgredt@nthul picks Bp GuRbrd8 SPA aAlthe:IﬁbeéketS@aionmhetcﬂ mtteavbﬂsﬁm is

slidably di sposed e f| housi n 20.an n ' e vabl e

nousi g’ 11 P2 Horiinel AR b B of S Ep iR o i R0 DR T ot B be

desi gned t @osifiadieddor hdvitios pextam&oﬂeﬁpﬁemtériwloacas Ylld%ﬁral%ﬂnii Fﬁ";@zgnd of the
GURE_ 89 of the draw ngs. further

crescent 1%]I ap | | ustr at in Iﬂ
i |1ustratedlioht IJ@)F?ES ad@ea YD olgthe frgadgPAomay he eﬁg%ﬁﬁflll?éw a 15 base
1121 chgs e%h&lh%h@&l& EGEntd)Ifnaﬁm%Ift ﬂﬂ@%&l@&e&t@ggymﬁ lﬁé?é‘ﬁal[ﬂ:{'lgat I on

plate 1134 and an access slof 1144A extends linearly throu base 1121
and tapers aa‘tessoﬂ‘]élQlo@%a)f@leethtﬁad60é@§|thﬂan®d}¢a§0rr©we$@n§Ip@luetl_‘alwm at the

forward end khey 8688, Th opposite end or the thread tail 50C projects from the opposite end

of the material 100 at the entrance 100B, as illustrated in FIGURES 80 and 81.
FIGURE 82 illustrates the technique of looping the severed thread tail 50C of the

25  thread 50A around the thread head 50D of the thread 50A as the thread head 50D
projects from the exit 100C of the tunnel 100A in the material 100. This maneuver
forms the basis for the first knot or suture to be tied in the thread 50A, 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

30  thread tail 50C and the thread head 50D of the thread 50A to secure two segments of
the material 100 together in a single suture or knot.

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
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access extension tab 1144 slidably seats in the access slot 1144A and is
fixed to the actuation plate 1134 (FIGJRE 91), and the access extension
tab 1144 weasioyssst a 20 transmi ssion wire boss 1142 for at traTlusensi48d one
end of a power transm ssion wire 1140 (FIGURE 91). The power transmni ssion
wire 1140 extends through an opening in a nmounting boss 1143 nounted on

t he base 1 A %ﬁhﬂ 1 K ?é'],pi] 1. ith is
secured to%tg?lie m)u%tl ng¥%§g§QQ%4§m?ﬁ{e)y a;()%(lls? e eﬁuéiﬂgqgalg\shﬁ%ﬂ]gwie@i bl e tube
1141 ter ni fixeéblades bl Idextandingainath ¢hel@@portiavofithe hosdepwallhbi20Be 25 tri gger
1261B, attached.tn the handl e 6 as . Lllustrated,in F RE 4. A _hinge
1121A bri dg%sgegws%gaﬂgﬁs&ef&ﬂV%bﬁ%&%%M? i et pleed L nclingtiod 495 ang
2 Sp& _ead: @@n@bé@érﬁﬂ@@rd&@?¢tl?]&lﬁ&jeairage%érﬁgdfrﬁ@o_h@iﬁga'ﬁlgggisési!ispbseﬁliﬂ4A. .
ccordingly, .operation of e second hand] e tri.gger in.t econ
handl e 226Tn(ERiGURE, 253Pestiyelh eravidrian 2 mava {ediopsing d4LEposeretl inside st oo

slidi.ng novgeRRbusils 1 179 @EGORE 89). Ptledistep hdvable bifitds i 12 4R RERBSSHIS| Ot
1144A and in the narrowing slot 1 144B of the access slot 1144A to slide

t he act uat btadep! B3eprofegiininalgeide slat 1 Eéerromsed il temargbledousing 11 itot he
fived houst i ! . .
her 6 nat o TR GRSy et T Bbal SOl Aol oBfhe BBtaces

pi vot al boddb#A, rédionvetytasrilk fdeedia 30htenverses the csascdrd 05 (FIGURE 8&pphnti ve
housi ng.wal | s 112QB af .the.:-53 WD 03/ 028541 L USQ2/ 7 . fi housi n
1950, 1 39"t Hep e L SigERY dpese mete e sprabortas ST il 505
and sl i dablkpe 15eebld Rehsinael 1f15X @dsdaontbihfed 1dotbmbdtinghRe 11024 n3sfad0 i ng

again to FIGURES 7, 84, 87 and 90C-91, 93, 94, and 95 of the  draw ngs the
hi gher nov&BNesigneddeseat prshecase hasedOPa o theeeseivingzergy Wikbendafdbs n 5 the

movabl e hougkngy ﬁﬁ%sﬂﬁlsh%ﬁ'iﬂﬁ@@kﬁdséQfﬂ@%rafv}ifi 1 housing 1120, when the

latter is typically nmounted on the case 102 of the advancing arm 101B of
t he crescent 10As furha@ikmstated in TREURESI 4 845 9G Ohy 2 grehdeoighe dhwitgsgher
novabl e bl ade 1 n h | I rdlLy toward
the reddivolg Urhepsiihe bifiondhfrhatoiRg 1 Ho SaRihe bR de Y, L 00c
1112 are pa$d4 amhatadeeglstot 1W4A exeafeliteat]p thirbegtbths daddl 181 ahb éapem\atibl e

housing 1115 than.th vabl e bl ades .1 FI 84),. e rear portions
of the rosPEETEdRPEIRTS Sopaien 483t Brdonusisd thrihedn, 175
define fingcchddddxtédaidadi19/M slidaBiycdRatdiethe ackesPE16s PRALA Hd0is fixkd @hthe f i t i ng
fin slot 1146 (FI GURES 84 and 9 E, shaped in the back of the bl ade

recesses 1 aggationgapedd ¢ EFNTURR P ithgyacsessteprtepsiop tayblddireceieseri cted to a
thin | ggf i: e pall e £ : . 1149 of
each o at héﬁl?\%{%ggg?&#o%gg%gl L@a iégtga Cﬁ%t tgﬁgé%ﬁgﬁ?g&ﬁffg eglh%%%%&a
respect i velly4q FIGURE 93).. Thalpewed ti@samssidnomige it 14( expends throggh) athepening

triangul ar 1r£ g r%oﬁrei\t%gl B I:HQ' %%u&éh%irflﬁ% l?a4s2, 1 IQf ar'{cf1 r%cgg%%%lng end of a

flexible tube 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

25  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
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

30 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
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
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bl ades 1113 and the hi gher novabl e bl ades 1112, respectively, extend
downwardly through clearance holes 1124, respectively, in the novabl e base
1116 of twe osoessbl e 20 housing 1115, as illustrated in Fl GOREWSOA3148he

| onger tabs 1118A extend further downwardly fromthe higher |ocation of

t he hi gher novabl e bl ades 1112, along with the tabs 1118, to reach aligned

paral | el og j i i t 3

illustrat eggléﬁnﬂ@'}smllé%r ﬁ{fgﬁiﬂg? glfrh%o%giglg%%fli%%%%%olv%nlgezrg})gl %g%sb caﬁ 18A are
cont r ol | ed 10hamdlig/idablyeseunpey thk fisbdhrmmghld26sn Tk38sd102. he sl i di ng notion of
25 the actuation plate 1134 w to i housi 120. This
control is inp %ﬂ?%%%%ﬂ’#é@%‘?ﬁ%‘@?SP%?Qéiéfsgiﬁbé‘c f%%‘gqté% by sliding
back an]g f@fa&dﬂngsrltllaz%hefmwﬁﬂébl_a&eslmqnmhdmgleh lerﬂadwulnTlarémlmﬁiﬁﬁﬂ SXtﬁnded
range of nmtion ,. respectively, ove e, access ot and t he
nar rowi hg 8iedroveblemusipgl 1égt didaly SF%%‘?%[‘}%E%CQ%&SH’&W}& WhE the ladiept or e
descri bed angd,@siy hoHslel 3h ek tdle 'fd)%a@@aﬁfci% a%};l,OTB%f@Héé%@sch&ﬂO@' ate 1134

slides in the space between the base 1121 o he fixed housing 1120 and

the base 1(FIGUHE 1849 Theangleof converfeanaerndithe highenmayable blades|itiRas! thee, 90

and 1110 S L B RORHAR A0SR AR e MBNERRPPORS MUBCHASR, o

1113 to fl éwe pairofdighey nagabla bladed &l Wharepokithéhkd (HigEGdREhISPecitb e tidse t hr ead

Cotati 0 obl b Senebfnegoe s fun Bneue ot (s (B GUREED ekl che

thread 50Apbiiehs 6 BB Sespb&ivielRgtien ehoaahle BladeMUTINt Ananadvabiga®et 1§ t he
actuation plate 1134 in the nornal_ range of notion 1144C continues to

mani pul at edeffe fnssigde (FIEURELS )1 Wgh arfrach eresssdgeto a 4 Hitinedm da by this
action, TofcASFBPRIRYSPLR of éﬂa&édiﬂ%éﬂécidg&ﬁ]@@g@feee@sé@il4_@: rection to the

rear extent of the range of 1'ts hovement i i xed housing 1120. It is
somet i mes reepeEtivalyyandbanding afshesh blades is mestaetedhtd athimleabsestion Bs171101 and

1101A, . d i A Y2 101B of
0L ey ik i, AGYPACHS, PLATAM R0 POR, Bl EGRABBE 1018 ©
nechani cal lamalﬁtmb'émbﬁlélja‘g\mtllbe, ﬂ&?edti\traby EIGURIENGS). Thiss Imse_afi}]dnlgef gamelnt i ng
1 av een rate w a single
Rt uat or 1o of it wrads 168 (RURERE stoMBIs enot o
actuation RPN 1118h0d 3hi8Ber¢hovabR Blales 1114 8espottivdhg exlef@ohnwaldsy 1118A in

each thread increnenting "accessory 1101 are set_in a_near| per pendi cul ar
pl ane wi t hthreugheddearangetigles 1d24.upwettivghe in thevagyablahrase dkl6afthe mawable npvabl e
bl ades,d 11 (Y ' hC ' | O0 fia36d fulkhat es
rever s%@ g?usglfgep@i%f %Scl{tﬁllugtﬁatlawniﬁi C t%g' Zflél{a Sat e%%%;%?g%ég fltgﬁd fr‘rlu&ut'glt travel in
order to béeminwirdly frempbehigher lncagionof thevnghes nisivablledlades 21 Ehdlongavithovabl e

t h

bl ades 11 1316"[29}801 lclg,n ’E[oalr%gchvgligned parallelogram holes 1138, provided in the actuation
plate 1134, 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

25  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
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-
30  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
86, 90 and 90C-91. This reciprocation and contact with the respective tabs 1118 and
1118A, causes the higher movable blades 1112 and the movable blades 1113 to flex
inwardly against thq thread 50A (FIGURE 90C) when the thread 58 is located in the
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the needle 50. This activity facilitates use of the actuation plate 1134 to
al so serve as a drive plate and pull the novabl e housing 1115 forwardly,
respecti vwby3/owdsisl e t he 20 hi gher novabl e bl ades 1112 and pooazbt/g148t ades
1113, respectively, are locked on the thread 50A, as hereinafter further
described. Referring nowto FIGURES 4, 90 and 91 of-the draw ngs the

actuation uideslotllI36Ai s 1BEit6RDI BRGleedBB0iR Hebréibert 1911 fhere Botktadihal| P! €
power transtgl?]ail on wire 1140, which is housed within a flexible tube 1141

provi ded witthimead 1at theastopn thediexingrstion Additional mevemane f the hetatéott ends t o
L he JBr Oxi are 1994 B thb BBl et bloib 41 08 Linddis ARG © 1251 The

opposite end of the fl exi ower transm ssion w connected to
the wre atresebiteaiebektiSranddhe lboger tdlisaa 18 Aramd ibgethiis antidih) doraexcths movebleensi on

tab 1144 t ext wn from.fixed attachnent, to the actuation plate
1354, e A0eaBEIERT B BEHbina iert 1o bt e R s ey Gl oG (e
base of thén8® fitedddubiagdin@ 1120. The flexible tube 1141 is fixed to the
nount i ng boss 1]143 att.ached to the base 1121 of the fixed housing 1120,
near the end of f HSOBELWEE neqesiary g Avo tieadspgiomesting agosssrrerc! 10 apdl | i ng

and controlilipn f ol L 1 i and
8, 64Y BAle WHRM RSl 10TAUSH Bge o]bli’l?e &xawn%%nﬁggﬁé o_?gg o

knot-tying device of this invention is use of a slidi
03/ 028541 Prssrensdf] s 4bystraggein HIGURE: 89-e8irica thel rouiker 8f methantve! attwtdrngs. The

hook snags I j . i .0S he ved hook
secti ogij}anélIl l?gP%nﬁéaﬁ?%%%g@én% ’ethg)g{or%gllﬂsl&e%r%%ﬂ %&5@8‘?‘%0%0?@8‘13?@ h in the
di recti on d&fve beenalesigned tdapentis with pemghs actidtati g ordeo ek sccamelidithese i n t he
art and are_current|y.used in suturing operations. Referring, now to

Fl GURES 08 B 4uisHo %éltﬁrogsf%%te A a RS {B‘F@F%JPF BGgleéﬁ’ﬁ&dil thgt ¢ he

i nvention forgentabalil 18yRid €ach debal ibRuicAfindantdisond] 101k bt @aEn&RLH during
the suturi ng og(gr@ti on Wnltlae using the_ cycling suturi% and knotf-tying
devi ce i n@FpgRdcylat planewith nesppetdo MgbRy this hisher mevalie bieden! MRiaed naybe

i npl emgpt echaAEbId bl4HRY P £3, kb 1 18in ﬁéﬂé&ﬁ%ﬁr b

104-106), depending upon it%\% ?%Jegiatrﬁgseﬂlgg the pro eﬁ?g%@ﬁg‘fi?gﬁé’gﬁg As
further il pideditesion i whidutrcostiawplatend 3¢ musk raiRin o6iRr forbepditite cul ar
each of theg,

hORESE Hé i i udes t.ract.abl e hook hody
1010, fi (1 P %ﬁ%‘@g’aﬁ%%ﬂ?ﬁl@@% SPOTale E@d%%ﬁlé§dmaﬁa?t@?t ‘ﬁ’g]? al | el
rear hookthejmeedlers§. Jhipeesivit wilitads aserofehpaontition phaé al 34 dwrsspiedshook
faces 1012 and Vi uilt-in, slidaply.disposed grjp/eject/cut blade
1020, as fﬁ?{lﬁgppa% ?@%ﬁ%gaw_ﬁmw)ﬁ fogvy _§’= IRsBeCty =_§Pﬁl?ﬂh§j ect/ cut
bl ade 2020highef mbidtes blaiés Bd 2Winl aovable BIadRE 1130 FisPRINBIC HetibA@d Quehdrang
1026, a p\rlégar atory bl ade slope 1024 at the extending front end thereof

and a f or wiFerdpI Oy @s Bpsmpftaiustherdesad®d, oppositel y di sposed from and
Referring now to FIGURES 4, 90 and 91 ofithe drawings the actuation plate

1134 is driven back and forth by a stiff, but flexible power transmission wire 1140,
which is housed within a flexible tube 1141 provided within a main extension tube
25  (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
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
30  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
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
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extendi ng outwardly of the gripping/cutting/overhang 26. The grip/eject/cut
bl ade 1020 is slidably disposed in a |ongitudinal blade slide slot 101 QA,
shaped i nrwole/obssak 20 body 1010 (FI GURE 102), where the spardozpast pair
of hook faces 1012 termnate forwardly of the corresponding pair of hook
ej ecting slopes 1016 and spaced-apart, planar preparatory thread lifting

sl opes 1014okefihARl, WGURIOR: o7 b TOKRes A0HBm, ook body

1010 and sl grip/e ect/cu are seated” in an
i nner housialgwingtittoldids acrossthetchated hibek feotiém motiforhGaioop ss theheek iso t he i nner

25 housing tube 1045 and t ripleiect/cut blade,1020 is able..to slide
wth res pegfa%aw%'og?fn{%ﬁ%ﬂﬁﬁhg’rthgSﬁéﬁ%ﬁ’a 0? %e@%gvg%%st%esﬁgiﬁdl%dy 1010. A
pl unger di $160Ks066khéwn B 1heiattedld afe dufnilyn e iheuating opetbork045 as furt her

illTustrated in El GURE 102 and _both the inner housi.ng tube 1045 and t he
pl unger 7di sc 10854 RS BOW|t) EKAURESHISH 03 Ofﬁ%@a}’fgﬁsd‘bgﬂ‘ﬁﬁ‘l’rﬁé@@%ecti on

1042. 1 n | ik SRUAEHS the iPRAAOH a REHNARSmEti SeciBfR ok RartflinkithOtirda@ s5hAE | NNer

housi ng tube 1045, spaced-apart fromthe plungéer disc 1065 and also

encl osed- i dutihgthesugiring opatatior mhile geidg Secaychng wuring audekeittrigededésc 1065
and secon YO [Teon ' TOIPEY ube 1045
in the hougrlw%dégg S%ng% lﬁgglggg&s@c Oﬁgrﬁltegl{j%;@é(iﬁh%g%d tl g%npw reltéf%g(%l IS

sl i dably didspss édtdllationleertsion 1000A€FIGIGRES 88 ahd (h@4-108% degentlngtupen the

illustrated in E RE 102 and |s secured at. 0 5 1.,.

T Ustl) 3 18 SthabRs e ChsrskeR ekt Fether BiSfed FoBIARES PFddgfgd in

mani pul at i PIGURE 02 iR paitRElak.Cdath bf 6 @nel RAGingdubéiel (alSafduddsiadetrskaile 1010A

in the hook body 1010, by operation of_the actuation wire 1050, ?%@Q |
an

her ei naf t ehopkipadyel019eSErd with 2 ousverd prafile PIO_F ﬂ?ﬁ}?@rbé(tsééchrﬁpﬁﬂﬁﬂ?ﬁﬁ@
102A of t h‘ﬁo%’l% F?ﬁl@%tﬂ‘%s}%ﬁ? 1098 ¥nPchad or;}i%gag?pdréllefl WriAe! nddtemastien a&f by a

hook open pr (FIGURE 102A) t] defines a hook containment sl ot
1070 ext endiavigg hbuoilt-inh eligebbadispdseh gop/ cispiéott binge d 032G as furtleer Blustatedan par al | el

hook fages to a te. a.lengt f

mani pu?gti gée %Sﬁt%@ﬁ@m%#ﬁ#’ %éﬁﬁgﬁk?a%sloggﬁsewég@%ﬁ %éerarwdaergcri bed.
Ref erring gappibg/chitioldi&hin@ 1624] abbpanitory béaddrshperi924 bithe gxtepding foht cut 10
bl ade 1020 is_illustrated fjxed t.o .the ext ing e f the_.actuation wire
2080 and_ 1 €hd ieisot Bt Gt LB o iectiaBaloo DR aBbRo Ry SoRdied SORAI From 1 he
bl ade ej ect : i drhdh@ 26V i i)/ But biidet her
illust rlat egkﬁgd%%gﬁﬁ%%g%gﬁjﬁﬁﬂmﬁdﬂﬂiwg dilg24 pro??]ge%&gn tt he eext endi ng

end of t he 1674 js/sEfedy Aesnesed)ingdongipdinalp $1i14«?g_1qtd OH) A gkeeedg thedwokt ¢ he
1045, Ehe PEATEANAFAGIRE 162 Ve (hP gLl ARERAY idjoBk K% 0P EnRug, 00 110
smal | er auferwasdly ofithesorrgspontimg ParOAh¢dd Grrigibdes 10 bhatskspaerdripadt) at ed as
hereinafter, f Ut 0ol @8 ELA il sI55SD1 4 B n PR R bS5 s B RSk vidg0 Lo
| 1010. The hook body 1010 and slidably enclosed grip/eject/cut blade 1020 are seated
in an inner housing tube 1045, such that the hook body 1010 is fixed to the inner
25  housing tube 1045 and the grip/eject/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
provided on the inner housing tube 1045 as further illustratéd 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 1s
30 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
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 tubex1045 as further illustrated in FIGURE 102 and is secured at one
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extend or retract in the blade slide slot 1010A of the hook body 1010, as
desired. For exanple, as further illustrated in FIGJURE 102 the actuation
wi re 1050woan/obkss4spushed 20 forwardly to slidably displ acePpchaiso2/31487
grip/eject/cut blade 1020 forwardly in the blade slide slot 1010A in the
direction of the bl ade extension arrow 1000F, to m smatch the

gri ppi ng/ C%ﬂd'ta%égfﬁﬂé]@&&utlﬁgée L 620 3F sitab B/ BB btia &&%th%r%?fgﬁejf)&/g& bt h the

hook ejecting slopes 1016 and hook faces "1012 1 n 1010.
Al t ernati velG2 mﬂ@bl@as'hﬂepl@tﬂ@tﬁﬁ irpthe §eok oaly 1644, lmseolvm/cmrgédhéay reverse

operation Jﬂ'{aﬁgﬁla’g}&%%& f%?ﬁﬁ%%?gés%aﬁed dably displ ace the

grlp/eject/c eopp05| Fréction wwth respect to the
hook body 1010 a@dﬁmﬂhegﬂuktkﬂe@rnﬂﬂ[@&&mammxﬁeoﬂ’taedraizﬁﬁgsfhbhbbﬁ he hook

ana. - nodic_dEw 1070 ptRarsarostrBrEora b B aro e e L CABsBYE oBAT st ?a32§8

in FI GURES @¥ineddRocktBneinthéif sﬂftqwm\gﬁen ﬁBmttﬁgﬁﬁ'aHélr}féHH%}e@ﬂ%fﬁ
further illustrated in 30 Fl GURES 99 and fiqm OOP readp 50A can

be insertedl ﬁt‘?ﬁ@%{aé]ébh?ﬂ#efﬁces 2i QO@CCH!S@BO
gri pl ] ect / iathiplb @l PantQ2RidsNE aHLXPSHA Ds hBRinafel hgf@éséﬁ&etd' on by forvard

mani pul ation o actuation irection of the blade
ext ensi on arr ow Re€j@iEg naw tp [FIGEREDR HI? dnd 108 GURE dr@®@ingt thesmipdejedtivet | oop  of

t hread ,50A ,(E . 100).. LS thr .n t ternative f.erring
agai n tg - Wg@;@géﬂ%ﬁﬁg& 8 'é’ﬁd”lﬁ)i&g)fa“ﬁﬁ

dr awi nlgs tﬂi&vﬁl&&T iﬁﬂﬂ aﬁﬁh@leg@gl pmr?mé a@ﬁithaﬂeit&ﬁlsfﬂoaﬁl thedd&dt ej¢utiafislope 1028 and
mani pul at e I ustrate t he e retrac rrow 1000 to a

desi red pog'l(ﬁié the FipfRy g Qehgs lgl%ef’; r&}}erl{}ﬁE gésetgem@@tqry fadedesi r ed
to eject ”kﬁ)pelmglllbrdvﬁﬁﬂdﬂfthé Bit@ﬁ&né%&ﬂ’tﬁ dﬁ@eta{/aﬁ%léae%z@r ofile 1028

after so manipulating the 5 8ment of threa the grip/eject/cut blade
1020 can be maniBsitrangép F?G[tHﬁE 98pkBifitlee drawings hsraciuation vrite ¥G0by t he bl ade

retractison %ﬁﬁ e ope 1022
to cont Lgtct eﬁﬁlog%ﬁo%%gg?l e(lﬁh g%‘%%?\edl(ggg%é%} BF‘{JEJ nga I oeoag"te Qvél he bl ade
open prof i ltedek0p8l inJide theoppenllet bwdiliary ehkmgttetst HAOLFEGERE rlﬁS/)ecmriie of the
actuation wire 50 fixed to i pleject/cut blade

her ei naf t eJn?l’dl?‘lj‘%s‘?asd‘ée§%1??%%d”}“qﬁ%%ﬁ‘&bﬁgf‘y"a‘lﬁ% %ﬁﬁ%&%&l %ekpﬁgéo 1000 can
be used texhaddt euhbrigake Bladd dideqid 1010 odeiinoek Gady gmaoa§ b&itkdr ead as
necessary; it can he thread wi thout grippi.ng i.t; the device can grip

and cut t hé’X?‘IHPIQa?frE’%?I 1i1PSt’@éﬁﬁl ig Kl URH, 402 ﬁ@rﬁcg@flolﬁ W etllleg &@n bepyshed;
descri bgd Wdlyﬁ?&lﬁab?ﬂsﬂ% the Fﬁdﬁé%t%ﬁldem% AR i inl @8 pRle t he

drawings, it wl recia hat one or nore of” the hooﬁ/unhook
devi-ces 1060desat Bﬁoésﬁdthedﬁeﬁmrwféhe bledbtdersipst aardvai QUF, \te nsroatc 000A

ot 2 i B O SR 0 198 iSRG Mokl Bt bk 1o
ejecting slopes 1016 and hook faces 1012 in the hook body 1010. Altematlvely, the
grip/eject/cut blade 1020 can be reversed by reverse operation of the actuation wire

25 1050 to slidably displace the grip/eject/cut blade 1020 in the opposite direction with
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

30  FIGURES 99 and 100, a loop of the thread 50A can be inserted in the blade open
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 referriﬁg again to
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arm si de hook 1000E and a double installation receiving arm side hook
1000C, which are identical in design. Each of the double installation
advanci ngwerogiogssde hook 20 1000B and doubl e installation rexrdisez/sgsar m si de
hook 1000C is typically characterized by an inner housing tube 1045
(FIGURE 102) that extends into a correspondi ng and separate housi ng tube

£ o0, SRR Sy AU e RSO LB i)

Furt hernore, eac e 1n on an Ing arm side hook 1000B
and doubl epiofidd bGZISamﬂmmnrimﬂacd!amgluatrratedsbwléletdwiceZﬁramom@‘rm{\l@%ﬁ twobk/ unhook

d 100 | udi hook.. b 010

L Nt e X
OL Ej he hoaifcdagﬁys oi@ir@acﬁﬁ()A%ﬁfohﬂ&églddE:@péﬂﬁbﬁtﬁ }ozsatf@aanhﬁ@ulam%grgil ngly,

t he esi gn an eration o 1 e nst all on SI

i ncl udlﬁg §W%@§h’éﬁaﬁ§9ﬁaﬁ%&q ‘?té ?7‘% Zﬁr“ﬁ{l F’H@n\éﬁ‘i%‘g and the
doubl e 'nSB@&dgﬁ& HRER %ﬁaﬁ@ﬂafawtﬁbbfa@e ?énqgn&ipﬁ%v&@@@ﬁ; ;FIGIMSITO&FU ally the

sanme as th escri bed above w'th respect to unhook devj ce 1000

i || ust r at edavsingrhahirgseioginedopedi2a e corjadi e lp@p ef @rﬁ@é%@dafﬁ@ems of the
drawi ngs i r ef , q{;,el% be tied
in close qﬁggat d364 ﬁésﬁgebﬁ% Héér{c}lgfﬁfg)ﬁﬁg%nwé%:ﬁ%ﬁ 1§%ff<§:géd l'e Installation
ver si on 1OQ®Ae1ﬁénttolﬁdqdmia/aunhmﬂ<10$9\ﬂxeéto&8 gﬁ@’e@@ﬁ/ﬁﬁlﬂﬂﬂc P20/ 49502/ 31487

1000 by_ manpi pul ti spective.douhl e install.ation anckn rmside
hook XQ)OOB“% &ﬁ%b%r eﬁ‘*‘ﬂ%fﬁl ﬁ%ﬂﬁ@&%@?@ﬂ?gﬁﬁ%c%w %bﬁ%setado engage
the t hr eadid @inlileRiead BSifdllotaatheHetide R Y @8 Maeid Medetessasy; itlchugiovat ed. This
engagenent is effected as_ heretofore descri b d vmtkiprﬁgdspe t to FI GURES

98-103, anthedhiepdwitheut giippingi fae %Vlcescafltgﬁ‘@ai} £ut et dBtiHIcan 8RBt al | at i on
advanci ng h%tﬁ@%e%iogﬁgs h&cR¥dEedded from the auxiliary housing tube

1040A in t | rectiron o devi ce extension arrow 1000D, the
cor r espondi ng i Referringusi hyFIGIBRES 0851 (@fandH@4 &8s éhe drewingsit Wihbe ecei vi ng

arm si hoo 0 s retr NS i

di r ect Pgn SI?WF%%[ (Pg’@it/ o8 r é’ggtlleo}ﬁ gﬁ%@%ﬁ%@%@ 1660 EHP%E enét‘ﬁlﬁﬂ{e

entw nen”enHSutﬁ@ﬁstaﬂsucimVérhen 1000 A sllusahted in BIGUR ES wlaﬁd IO&—IO@oWha: nued
sequential .extensiqgn.and retr on .of cti.ve bl e,installation
2dvanci ng. dre maeTREGk rto0BOMH RisaErlmErL Rk SES rsrlBHR FgRhE m of de
hook 1000Csit8hSolBOUNE arflf d @filble @sthil&vh rketing brrs BiddhBok Q00TQ) SvHide

mat eri al 100 to the additional material 100D as. further illustrated in

FI GURE 106 arepdensiealiinglesign Eechrithrewiblopstaligiongykyaneine am sidebetlani ngs t he
oo ey TR e gl Vel e gues Ll e e
illustrat edhardkzterfxed by ahdnmreer hdesug ube d 043 (FEGRIRIK /10Ahibekexdends éwfo 2000,
ongi tudi n%cl)rlré/spgrpcfjmé n separa?e%clues'\mlg Stgeaérﬁa%éei:cf) dction 1042 or an auxiliary
housing tube 1040A(FIGURE 103). Furthermore, each of the double installation
advancing arm side hook 1000B and double installation receiving arm side hook
25  1000C have a hook/unhook device 1000, including a hook body 1010 and a slidably
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 1000A, including the double
installation receiving arm side hook 100C and the double installation advancing arm
30 side hook 1000B, is substantially the same as that described above with respect to the
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
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versi on 1000A, each include an inner housing tube 1045, connected to a hook
body 1010 receiving a sliding grip/eject/cut blade 1020, which inner

housi ng twbe3psss1i s 20 typically encased at a housi ng tulreTarsozsget
section 1042 in a housing tube 1040, as illustrated in FIGURES 107 and
108. It wll be appreciated froma consideration in FIGJURES 104-106 of the
drawi ngs 100@tbyematipahtingthedespottivei dosblalinsteliationadvanstigagmesidnhoskde hooks |

000B and I ns n receivin

typi cal | y{jéb g dc({@jﬂu{’géﬂg?g%%]@nﬁg‘i?s‘?%m?fh%g%g%?Odbg’oaux%%egg%/&g%us| ng tube
1040A, 25tfe9pesidithiehd heaic3oDYréspedively; betivsinated.gThie eﬁg@rﬂeﬂﬂie effadted ged
section 1042, for receiving and al|l ovmﬁﬂglagdgp gl?é) 11 @Fresg gt Lve

cor r espondfilsgetpionedespabed wih respect to ikl hétd Wil Y& | GURES
107 and 10Q8e 4 hgs gﬂﬂ@ liBgh1E ﬁg?all]agérpadv%ncﬁlg%ﬁﬁﬁdet}ﬁb%Q@d)dBllsQﬁtHnB&?ﬁ‘ofﬂ th a

crescent nmount and a tubular handle attachnment nount point 1058A,
whi ch ar ethslan:mlllary hqmsmesulgml(éﬁﬁé inithe dipretion Obhgrdevisa eRgngipRat®hgt h of t he

housi ng t T £ Ul r § 108
the plu ngiej(ib%é)l} st Ee%%n ?qulgﬁ" be;)m%? ?g ﬂ]foagggxfeéﬁge@ﬁm?{e} élgc{eo tthe
cor r espongimgdé hditfkl’ 10@0(1‘315 m@retcteﬂensidkzltﬁe hba:nn$mbpeﬁﬂ(s irt the dirgdtionied theousi ng

tube 1040, and the rear e housi n S a

t hr ee- posﬁlelvll‘??rfe@@ﬁt’toeﬁnﬁ&’dwbo %%W Wgﬂ %‘2@3333?% Engé 3t68

t hr eetPOSintFIGTRIM 1106 h CRmitiBaddNeq d&ﬁmxteslm%d\ﬁar&%ﬁ 288 TedpediiveS02/ 31487
illustrated in FIGURE 108. It WI Il be a{)&w Ci thoalégl{)‘ﬁt'e consi deration of

FI GURE 1démblaviastalipiion advapcing s sige hoke HONEEFERRisi ng t ube
1040 and L5 Qidf &runger %@%né&ffe@@%tﬁéh‘tﬁh&%r%ﬁﬁké%nﬁﬂ trhendpdamnger disc

1065 and second isc 1065A, that act together as spacers
Fur t her mot@) torthé edditlmtgllag@rmlﬂ@ﬁWﬂ@RﬂeﬂmsfmﬁtGQIHF@mv& gs the actuation

wre 1050 sli Wit hin

descri bed. l\/bdgg’i?g?ng%’whhﬁ %1@‘?‘16&%&?@85@%‘@%@%5% ?%r% al(r?ee

posi ti®n somlidhlenﬂmﬁlt}ﬁﬁmbﬁﬁﬂlﬁodt éevicexi®00] 1 wilbad thadoubie irstatigtietnube 1045,
while the |.arger 0 Di at,it ach to the

act uat i onVWIP’éq%%‘%qi‘ﬁﬁré Wﬁﬁéﬁgp}@ﬁaﬁfﬁg‘ﬁl hésf}ﬁf g% O%osi ti on

act uator JQB8RED eie%%ﬁ/lﬁlheoﬁ a&vidd p08d, loAGitddii 8K Ash tHeaibublingdllanody 1058C
el ements facili fates slid lﬁg operat i on of the grip/eject/cut blade 1020 in

the hook Wraeiyn 10804, qash mduserandnner Savpirg fube dP43, (renpecicdda a boplabedy GURE 100)
mani pu t gment s

f rom t he i)(?lto eée‘? ggﬁg’?lﬁ%%&%kas |(%%bs2 t6 Pg%&ecgqﬁl&nﬁ%%ﬁ% J0458

Mani pm at typivally emt’eeedsw at letusgdileseniogaiGectior bidanta onsiogdebedfdOrast r act s t he

i nner usi.n to the h Referring

again t o “&ﬁ&%‘g“@%&gﬁﬁgﬁggwﬁ&]}éfSIE?@%\P%ngrem?iteglﬁ%}r{e?%&rﬂrég‘%raﬁgﬁr&)di ment of

t he i nventiGUREBE 08108 iolfkie: dreiviigs Hatich @ f thidpubMifistaBatioppideaicing atit ached

"side hooks 1000B and double installation receiving arm side hooks 1000C have a

typically identical separate housing tube 1040 and auxiliary housing tube 1040A,

25  respectively each with a corresponding housing tube enlarged section 1042, for
receiving and allowing bending of the respective 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

30 the length of the housing tube 1040, as illustrated. As further illustrated in FIGURE
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
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to the underside of the crescent 101 by neans of the crescent nount 1055
and, in the case of the double installation advancing arm si de hook 1000B
and doublwoimseshi ati on 20 receiving arm side hook 1 OOC ipCiTissoe/at48d i n
FI GURES 104-106 of the drawi ngs, both can be' attached to the crescent 101
by neans of the respective crescent nounts 1055. The respective flexible

housi ng ouligfshiBSSFASIRE 068, St Wik be %prééi@c@i‘l 'fr@rrpéi%sﬂfera%i@h@fFKEJREar e
typically secured to the second handle 126 means of the tubul ar. handl e

at t achment 1pdihat theiomg Aousing mb@slﬁé@ slides Wl?hﬁéFheﬁ)@HélﬁE grhedifés andiidede
secured to_t e e

gripl/ej ect%%?enb%g%int%g%ld@&ln toforeg]eg isls?rlpggegﬁ&%éﬁ%% i |g§1S|a under

ci r cunst andessAfteatenct togethyicds spgccmtmnthngnm;lreﬁandng agaimtp FK&HRE 8026 t hi s
inventiogon is utilized as illustr nFGUESl th ngs

't hout St ndediruing? irattmshn ity Ss0auas i BeiariisRrnk s doRs 2o, ¢ ne
cycling 30 hefdfbrieds@bdd K Mredver N illewhiee ih BIGYRE 268, botH afube thidee device is
initially grasped by the handle 1260 with one fjn er on the trigger 1267

and the tr@ﬁ@ﬁ%%‘m@h‘?%’é@ 10586 are fixeddiodhg inper housweAres 1045, wpilethe “or i ent ed
in the Cragalrger]tﬁl%gﬁf)ﬁﬂgn %+tl1£t‘3fjl(yg8ﬁﬁstaﬂgch%ﬁ@@{lﬁ acthé#ibn Wideh os@spect to the

handl e 126 to contortably position the crescent 101 in an_incision or
wound adj acdexordingly maimpitaxin afdbe tlmeetmsm@nm?@@t% EPE8IRbetmErn thegwp fixeder - 60

WO 03/ 1 PCT/ US02/.3148 d e draw ngs

t he Crgéce?ﬁr iB(isullqns C #%?dy IOLSké'r%rﬁn%B ac 1t%cle§%ﬂo ?ﬁ%er ?ﬁ?eg%db&oc;ft c{; joint ball
780, seat e@npmdctxaltaﬂmeatoza Y15the|hmbbbad’gy1@ir®eto mfher bt sepmens Df fhagitreat | ve
positions an h necessar osi t |on respect to
the materi épg‘i&d[%? ‘fém%&vam%% ggnleﬂ q é&"eﬂ]???étf) I}%{F“éah(is FI GURES
5 1-4. Fi nggimadabRUAbbRBAbPH @bfiRn 008 aéﬂﬁls{r@t%@inﬁﬂﬁlREei(ﬁctl vely tensions
the four crescent angle articulati on cables 1256A, 12568, ééSGC and 1256D,

i | | ust r at edManipulgticarEhagwideh haskesdi033F iy soncers extepdond refactybeiinneg
orient 5' 0@10851%{?1‘%%6@?%%&;:%@&to%éﬁbu&ﬁ%@%l@@ the material 100 to-be

suture in a contrguration and position such as that
i |l ustrat ed in lRlefdxﬁEg 6gain ThEIGIIREBAO8 anéé@ﬁ ef o drayrings, deal pueifarteda | ength 10

of thread 50A, I ent e f. 0]
rotate eit ﬁg}b fhﬁ}/e?‘ﬁgﬂh ?{rbvceﬁ\gho @%}eq%rll e‘Sr ]f‘engl%g \{Nléa‘fsbels ?%@ g@% 6{1) ext end
a length ofip ﬂﬁﬁﬁdéﬂ:sﬁ@%ftﬁﬁ@b@hnt 1t0|1Q>yﬂﬁéaﬁ§ bﬂﬂml:&@cérmlrﬂm)mt m@SStdmd methell e 50,

as further |IIustra din Traver sal he .n round the
crescent 1@&Sq(§t@4 %‘&Stﬁ ‘irﬁbs‘&ﬁ‘bﬂ%lréoowcﬁﬁ&ﬁén%’g ﬁﬁ‘ng t he
handl e 2626%&{\”&%&@@1&& 6ok 1T¢U@nﬁ§ﬁatemmrmaj@s 102166 6Pk BtawliBes] Bath

(FI' GURES 55 and e direction indicated by the arrow 1257A to

slidably dasbe atashedto theétep¢€t§léé@1 bymieaipsal teeTespactiyo erwsesit BBt ABHs i ssi on
Lube 1200 aad aRRlate ARMSL BT Sile: d:03ABA0, Ur'otifer i théin T bobe bisdid Ese,
O a e darilve

direction arrow
are typically 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
25  second handle trigger 1261B for actuation of the grip/eject/cut blade 1020, as
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

30  suturing and knot-tying device is used as follows. The device is initially grasped by
the handle 1260 with one finger on the trigger 1267 and the transmission tube 1200 is
selectively axially rotatably oriented in the cradle 1276 A and tilted with the cradle
1276 with respect to the handle 1260, to comfortably position the crescent 101 in an
incision or wouqd adjacent to a material 100 to be sutured (FIGURE 62). As further
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cabl e input stops 1247A and 1247B, since the forked transm ssion rod 1216F
is attached to the reciprocation input collar 1216 (FlI GJURE 56). The two
free endswofo3@gssuhe | ooped drive cable 1247 are, in turn, pcarusezsmd’to t he
two spaced-apart drive access cable extensions 140 attached to the
reciprocating driver 108 (FIGURE 6). In a preferred enbodi nent of the

invention qept&ssliRTIGURERSL64 SOBE dledfidgLhe bleScedt | OF #R10Ray bd1e drive
access cabl e extensions 140 and causes t%le reci procati n%@drl ver 108 and the

drive direcrinipnlaied by aperplicn of theipinidall BPesested imthesasket Y35, intpygsvearl y one
full 25 de&fﬁ?@b&% 1ﬁ’£srrhﬁ9e ﬁééltﬂ%ﬁran%%? ofh&S E&a@’hogﬁﬁge@ %Eﬁohé‘&rgﬁ”em ation

of the nee escent Inadre ned
mani pul at i aespett tb e IdateﬂaithOOnbﬁman@mmuon bP e level 025 T ﬂhmdatedeFIGIlHE%S as
her ei naf.te

h bed, g f
the cre cenltil %g% cr| e W@%foﬁ& ggfi‘ra{ﬁ@ﬁ%ec?ne gﬁ%?%qﬁa%' oning o

effected i RrdsbentWR eqrtﬁmahaﬁIc@dl@mz%@ntmmcl,zsseaﬁa11256[93 iflusigesd 1ﬁr essure on
the 30 trigger 126 bi ased for return by the trigger s rlng 128 ef fects

mul tiple i EERdh daof theslramines, to pchipve the Satisd vjenty le%afht £ 1ESpRRt é?i al 100 at
intervals {hefe%&ﬁ RY nda al Woage%turm 1&@19 ih BIcBRGr Mo Bld Mg the

needl e 50 throu e needl e openi ng etition. Large or small
adj ust rrent suduas thet lﬁaﬁ@t&duanﬂﬁUBﬂia 6§uﬂ“¢1mamgatope¢ ¢ borprovidepwiihrilensth he

cr escegé /3 iébfemf; Squ éf?}:iug%fy a%r%e%qg 0 rtﬂ%?éo? 189§ ﬁteh? olwt? eﬁl}er\{%th%?’/ 028541

PCT/ US i NCrenen
transm ssi @ltbdkwlim o&ﬂ(&boluﬁtetdi@cl@mmdﬁ&ctidﬁ?cﬁéxtemlarilepgtha)tf ﬂrrgadmummgh 1251 to

change the an e .of cuj at e grescent 101 w espect to the
transm ssi 6& ]é@dlg \Hmlgé %d]taf' ﬁ{fﬁﬁ@l ﬁtéatﬁ‘?gﬂw * and the
seat ed trar"l&mei@n @ﬂth%%@&ilég@Qro%& Ehef&ésiéé&ﬁtlofl@s ffRtddyo@ed28he itfdenr g€ Or
5 smal |l increnents. Accordlnglf‘/3 it wll be appreciated froma

consi der at il8a7 @ﬂﬂlﬁlgéppléééhfghﬁné k268 oadhe é@’l‘feh § apbiop refates e spoxcketan be
pl aced;3 m gﬁfm@h 59a8 D6 'ﬂ?éedlr&ﬁ&h ﬁﬂmtéarby&pé hltfgvg 185 .g%%haﬁ eto

t he operator optimum stit'ching of the materral oth large and
very smal | dusp&acsnhnreapnbcmmhpmtpmhhan@%ldonfaettawmamdnmilél)@nmdaméMner 10

As heretofore.d s bed he dj on.of ..rot ati of t 48 eedl e 50
in the cr g‘?}?b(ﬁ‘t Of’%éd %f @cctaiélgel%ﬁb ShE shregHion ﬁﬁ%gr%ﬁv? %?atct grclY%at or
1214, as fld:blblb@tﬁputbﬂobﬂﬁlﬂ@lﬁdil%7ﬁl, GolbEthe Jork&d trakisagssidn todel 246F iat or boss
1214B and the caqrrespondin tubula undey | yi slide

swi t ch mousttagisdyo H‘“H@P%é%’d“?‘ﬁé’o lg‘bﬁééd%ﬁéi}%ﬁ %q‘)e;@?ﬁ oeé‘ag@fsrl ngs
121 1A90ef figcios &Pdﬁx%’iﬁ@l%qaw ateS DS Bl 'cﬂﬁaecfddrt§ Eheqtvolsﬁaéeaea paitldgicki on cabl e
1248 and then the drive cable 1247. Since the two ends of the drive cable

1247 are atpenshedble extensionsJ40 éﬂﬂc}ilﬁdlt(t thapgiproeatingidyeenteedICERH @. drensi ons
140 ext endi g L PTG RELHIANG pteéSbn SPe Aigket 1967 YRrEDYSrBbnt NE

direction
the drive access cable extensions 140 and causes the reciprocating driver 108 and the

drive direction setting plate 134 to traverse the case 102. Typically one full

25  depression of the trigger 1267 results in a complete incrementation of the needle 50 in

' the crescent 101 in a direction determined by manipulation of the direction actuator

1214 illustrated in FIGURE 63, as hereinafier 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

30 trigger 1267, biased for return by the trigger spring 1282, effects multiple incremental
passages of the needle 50 through the material 100 at intervals determined by the
operator, with the thread 50A 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 optimumiand comfortable position by
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cable 1248 are attached to a pair of spaced-apart direction setting access
cable extensions 141 extending fromthe drive direction setting plate 134,
mani pul atworn3ess20 t he actuat or boss 1214B effects rotati eaTafSot/Br4gt, the
drive direction setting plate 134 and then the reciprocating driver 108,
along with the underlying fixed way direction setting plate 136, on the

case 102 i Pel%é&glfa&a%ﬁ(fﬁ&%r?é%&l d‘( ﬁl&ﬂﬂﬁ%ﬁe@%ﬁ it e 8{sﬁi1é§ﬂin}’mb@§206 iﬂ%@&raﬂfét or boss

1214B is s mani In FIGURE 65 and is adjusted
such t hat um.ﬁmmz&npulﬂmgathe lextol23de shargedie mletcbfeammmmrofbh@@remmc 25

engages th e switc od detent, 1 the s body
1211, the ?Oﬁg [FeSPY t9 I@éﬁsﬂoﬁqglée[ %@ a“?é?%‘t‘%é’r tﬂﬁng ﬁ%’ cg%&%?%%ﬁ ockwi se
di rection. agddyhs sBﬁ@cﬂirﬁlsnﬁ@icﬁiﬂuE@IB(ﬂIWitl‘ﬂgesp&t&f ﬂlemta@dieasm Jhie ldigeeet i on cabl e

1248 is initially tensioned b){ atlon ofﬁ%@e direc on co ection
rod- t o-i r 8Bel BiTeTRERt ASEOTdHE 3$2t ea%PtpéfEF‘I‘f’é B atOHESI fPBoss 1217C

and carri ededph §the Abvid tﬁgt #lb El%%én@ TO P& el Qﬁé nﬂaﬁi‘tﬁﬁe@ﬁl dﬁe@s,RE 66) .

This action rotates the drive direction setting plate 134 an he fixed
way di r ect positieeot pasiiops eerefor@bletto dles oneratol ﬁornomte@w@@tltobm&ﬁéh%@@nﬂbz and

and a7 of PRI B R RR HECHOAR e R AR ST s

heretoforenﬂﬁﬁﬁribed the fixed way dlrectlon setting plate 136 is fitted
4

with a detent 137 t entran 03/.0285
PCT/ Ushh/ 31487 i§t %@rfﬁesﬁi,beaetﬂle diggetion g é%tf‘té?{b%tvfg%?écg%tefﬁ# 20 a range
stop 137H, tHeQ@esbéﬁttlm is k%c@dﬂ@tdpéﬁatfoh%fﬁwmﬁorewﬂuanér 1he, & festhance recess
137F, typically he receivin arm 101B o%%s B‘%&Pﬁﬁ‘ﬁt 101. As
her et of or e 111;1)@@;@116{1 %EIGWRE &% &h&gﬁ%ﬂf the gptaatgr SOBBRIEITE or
typically, n{bﬁﬁar%gé’eaﬂ?h@%n%@h%%}@g%fshﬁ@@wﬁ&l’?ﬁﬁﬁﬁﬂbo@i‘i}]lZlR%Eﬁfeéﬁtheor 5

the nee

cl ockwi se rotation sinply reverses the respective
advanci ng sputed-npatpressuge erposingmings dALLA.Afisets ¢pmepgndiag tansioning ﬁfséﬁf| n

FI GUR 38 t.h n t

dir ecEf% a{'@? gﬁ?cgﬁonfﬂﬁ?z%g |I\g§i I ec?‘gi lyﬁé’e %gllép gﬁg&ﬁ@fhl s caused
to first tagvecdte 1T dré Mhe@mhéﬁl?acemamepmoﬁdr&redcwskwlﬂeexﬁdnsnmst| on by
pressure-a | i ed aced- a ar t d|r ti setti s cable 10

ext ensi ons Ql?ﬁ“*’ﬁ“h&é??’éﬁgée"?mo‘f@l 12) &f‘a%% “{‘}g gﬁfgﬁ NS the
under | yi ng ot %2& ayamﬁdhe&ed 4 pitr 5@@&&@&@4@&&@%@@%@ dablei tion

illustrated in ?he position illustrate

Fl QU 39,. wh
the case bQStQHSlQIEd“rPP@W@@(ﬁ% thettive dirgetion sefigeaiate | i%gmaéwggeg obver e[ ﬁe
ent rangg Sh afag&bogjg fhepldrted r&‘@ﬁoﬂ'gfﬁfs{ B0 Rt Rl epidiG 3and

regi sters wt acent correspondi ng t 137A. This 15 novenent of
the fixed nmythéntﬂm:nemprocsmg drmqrr}()&,téor@mth theaiflentying figd W@Yiﬂtt@fttlonet ween

the end of the shor ive d ect on set 3
corr espond?‘ﬁjn%Bg f3%3%‘%{ he|cg3e 1 B0 She PRieeR ﬂ(d;gl:%@kc%fé ﬁ[ Fon’ sggft ing plate
136. Thi s eHcattorfosLES 4BH€ slidably manipulated as 1llustrated in FIGURE 65 and is
adjusted such that the direction actuator boss 1218A on the tubular base 1214C
25  engages the slide switch body detent 1218 in the slide switch mount body 1211, the

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
30 (FIGURE 66). This action rotates the drive direction setting plate 134 and the fixed
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 s?tting plate 136 is fitted with a detent 137B and an adjacent entrance
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fixed way direction setting plate 136 in the direction of the arrow
illustrated in FIGURES 37 and 38 to effect registration of the case boss
102D on twe isasss4102 in 20 the detent 137A | ocated in thePCTASA2/36EY7
direction setting plate 136. Accordingly, when the crescent 101 is in this
position, the needle 50 is constrained to increnent in the clockw se

di rection i J 'gbgl% ion of the
reci procat%gﬁq?ﬂéph s%élﬁ%cﬁ%@%&%rﬁées%@(ﬁ#& a%%%@la-,]&?htﬁ?g@%;ect to FI GURE
55, si nceterimatieg itherfooedrd agd df the eteatapge fesessd\ﬁﬂF ﬁypihellwomﬂ@rpmvmg on on the

drive directi 5.5ettin 34, Thi 05|t| is. ef d by
the bias i?f’ﬂ%ﬁ@l%f’fﬁ‘&"feéﬁ&ﬁ%ﬂt éerelu"rf?ﬁ?é’% %ﬁ%% ﬁ’é’o 7$-€ epﬁ‘{’ 65)
whi ch pul | n HeppbbitcorGaitalyl B hdvaddigan 101A bftde dies&dt 10N Ra\kﬂr@ 248 and
seats the reciprocating driver_108.in drive configurati n in tHe case 102

when t he d?liOGIéWJG? Fetationgnf thersediep (tiaply regersenae tH eoﬂ"ﬁé VaRgredfect i on
setting pl fondt Qoguc&éleﬁlggs a8 BRRHh{BEth PIRAYCES BElang 99T EeC! OCkwi se
rotation o t he nee . In"one node, the needle 50 is constrained to

nove in théra&mgﬁ mepdmsmﬁp gé]usimené@f the diraetinnrastuates 1214 dbedtive direction nce
novabl e | o e case
102 as il geg %Plg in ! %Adfﬁg‘ ‘gqr&btg#g S%tthé;ﬁ)r(%(g&%%: %g%?k&%r&t glng?vg%lpng t-abs
118 and | odgentlohaiyq;rés%ﬁ;é applidde thhfs;paeed-hpatkhsecﬁIGQSetﬁnng heeghraabler - 63 WO
03/ 028541 PCT/ USO 7 that 1.he for driver

b adoolh 1 oeatpd A niaee B BRI 2. S iR el b e | ¢
draw ngs. BuEd Wey ORE@ionSbiAae ﬁld@@m@ﬁr@@m @sﬂ&ﬁhﬂuﬁfated WEFIGURERS B ades 112

all extend downward|y throug the paralle ogram sha é)[ngﬁ in the
reci procat th@g?oélﬁIPVé]rlusP@@dlﬂh KSVRE 39 mheredhe ease pess LY, FbPW@“ﬁl 934, 5

subsequent uﬁ%&%g’&ﬁsé’ioi gﬁtgﬁ&%\%& BfcAntAgedd eﬁ/?ﬁclﬁ%hé BRBPREY uﬁeéttfant rigger

tensioning o oopé rive cable 1247 effects rotation of
reci pr ocat setngiplatect36:208 regitiersvathdhe adjgcend norrespending detenti 3¢t i'Bns set t i ng

plate 134 in_concer nd
under | ngmfO xlgﬁntvfgl éé\ﬁ)feg o‘gFes? e Iﬁg%t{dnépﬁt’eeﬁﬁ% ctlédt %gg%n\gg% b%tgv% ol
latter thrae et o\ﬁ/ﬂldﬁhoftﬁfmivﬂdhnwﬁlbide&mg'lﬂima ladumhﬁmmen’esmhdmlgéosﬂaedl e 50 in
t he 10 count cI ock ctl aroun t 101 contipues with
f orwar d anél3 56,19%'11 %E%Iéﬁé IS?P(B]fse H’é‘ 1%50 |Cﬂﬁta‘&trf§¥?8? 08 and the
drive dir eﬁkécpwas‘» airéétia)a seﬂﬁh@bfb’té‘-% #hé Huédﬂﬁn%ﬁ@l #rodt IRskatedirset ti ng
mechani smis ch angg agarn mani pul ating the direction actuator 1214

[

opposi t e t BITHRER anl@ﬁ tcp pifees remisteation §f they qapirboss 50213 onithe ease 182 &Y i n
Fi GURE%§6 ?hyq ﬁeg?%’r&ibcﬁé%! ﬁle%iﬁﬁ'véag difd ttl(l}}?seftﬁﬂéeﬁaﬂé@26 1;10@&(1?%%; on setting

pl ate osite rectl on e case 102, along w
reci procat wihgn tlrelorescerﬂt(lel ISblyl tbqs@Datlpmnhohedd&ﬁESQjmlcoesttﬁﬂn@do mymerggtttlm ng plate

g?gd egs 112 e ClotkwWise (ﬂrectc ion regpons;(rre"tos p%ers"sdclé of fid %rei‘gge‘i’r1 1%’; Ll?({ g&’i‘atiso%tof%e driver

reciprocation input collar 1216, as described above, with respect to FIGURE 355,
since the reciprocating driver 108 is now in the drive position on the drive direction
25 setting‘plate 134. This drive position is effected by the bias in the direction mount-to-
aﬁve mount spring 1215A (F IGURE 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
Vsetting plate 136 are in position as described above, for counterclockwise rotation of
30 theneedle 50.

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 ltabs 118 and longer tabs 118A of the driver blades 112 in the driver
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(rearwardly-inclining driver blades 112C) to engage the needle 50 and force
the needle 50 in the opposite (clockw se) direction responsive to

t raver salwofo3tbss420 reci procating driver 108 and the drivecadiusezsi4on
setting plate 134 around the case 102, as illustrated in FI GURES 8B and
24-29. Referring nowto FIGURE 81 of the drawings as the needle 50

traverses t kI [ XETaLA A b i he t hread 50
is pulled tlEg’osggﬁﬂgﬁgﬁ%?ﬁg%%lpqri%gﬁngr om 1(:% E%ikgﬁ@aﬁlgggglg%% éfgletsﬁ’e%exi t 100C,

as i |1 ust r aiwstratetiin FIGUBESA etthg Srawibgsi Frethernodre; siece the raspéative sets p§

desirable t,0 un t hr,e i.ncr enment | Ssqr : t .l east one
end of theﬁerdg‘gvc:eéh{aaiﬁ){ﬁz ﬁg%ﬁt%@l (ﬁ’)}y %‘é}m@%ﬁ (réglg%;ﬁl\% ip‘%allélgogi}afg-%%fpe O Create a
loop in thepéﬂig@itﬂ tlike?dpﬁg:@mg dﬁh? leﬁﬁﬁd?éS&;Pvecﬂifeﬁﬁm kdﬁ‘&n@plhterlB?g ] "
operation, _and provide itional slac r anot her ratation.of t needl e
50t hr ohigh SERETHRE BHIAN O THRTecBEReeHBE BT Y, LU3 TePPRIIKG H BRI IOniRE

i I'1ustrat e¢hd BopdddRE Blle 178Y Bfedts RflatRf §fAIRBIPAIdadinP B8 dri 108, thBaeddrs ead

head 50D | oop and in the alternative, a hook/unhook "“device 1000 can be

utilized f &P andehesdiive dirgetpusettingslpte| 134 in eensert withrpsngritodhe ayealying

herei nafte ' i J jo tRr, i nting
accessory ﬁf&%%ﬂﬁ%?ﬁ%ﬁ%&ﬁ%@ fﬁgegcebl[’%)l (ﬁgcg?%%ﬁ%@ggfls? ﬁgagl}ée%g%ﬁ%@wl, t he
si ze of t héhelatterdhiree 64 wiohG8MmBIAE bdoIEST/TUBRIV3dctBiEnt dicthel n&@il: $®imghén t he
thread,50A is controlled oper at i on of t hr.ead i enenting accessory
1101 al0 hertingr ek e Spbarou bf Prefcenh o (oBbRR pEEREHRRART 2 57 58
and 97 of therdriawtmngRaddd &fthé heiproegidl driver 8snduleddve dirdctiolbettifigver sal

through -the material 100 of fissue to be sutured /5 as,illustrated, the
fixed bl ad@kte h3ungd thepeedisditgation3stianmeshagisade shanged bY B0 nitial |y

engage the rﬁa!ﬁiégﬂelgin%% &vechibh aBERE) €2 ﬁpo@fgﬂiétottﬂ@%ééﬂtﬁ&ﬁﬂhu%ﬁbmﬁ the crescent

101. The thre I nCrenment i gq? accessor is then operated as hereinafter

descri bed FHHBESS, heillstrated & HEUSRB 7 1HiEs pctignwavsds ¢ shiflaip the Bred Wey
mat er i 1 it i . i . tabs 1118
and Io?\%er gﬁg%gnl%gégﬁ%g%%é ﬁ%&élgggéér%gggﬁgﬁg&%}l%%%g lggsaaltgf%‘ggfla es 1112
and novabl eediprackmgtivar 108, bpgperetion bfthbidghedirentivalbétting plde$341242 and
novabl e bl ades 1113 wit e ead 50A.. ext endj t u he gui de sl ot
Toven of t RECTUsat e TG shotf R Ser et SR OL Aok M 542 cont - ned
rearward wg&@mml Ghclinig: Mbiaﬁemm?g caddbd td Adedler s Gbrk thd he fi xed
housi ng 1120 on t?}le advanci nqoarm 101B of the crescent 101 ]E)ul s 15 the

¢

t hread SOAH?‘HQ%%W thp @PPQsHA & @!@Yﬁﬁ@)éj(#@c?'%’f?ﬁl%qii’é“’é%? traviqgepeof me_ the position
i1 usts@t egecﬁﬂ}o&i’glﬁéﬁgge@ﬂ)m tﬁég&o@dﬁégeﬁbﬁ Eé%ﬁﬁg%lf%bédmh%r&ilﬁ ROelski 09

illustrated I'n \ 81, thus formng a |oop © esired size in the

thread heads 8BBirgted ithEIGURESEB 8&0{2.4-29@nt rol of this loop is typically

effected bythe %%%elrgrrfg gcgw tt(l1 ?Iéﬂlf{gl @90%8 l&ra‘%&ﬁgé 48 the needle 50 traverses the
crescent 101 in the counterclockwise direction the thread 50 is pulled through the

tunnel 100A from the entrance 100B to the exit 100C, as illustrated. In a preferred

25  embodiment of the invention it is desirable to mount a thread incrementing accessory
‘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 50A 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
30  to manually position the thread head 50D loop and in the alternative, a hook/unhook
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
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FI GURE 81 or of a hook/unhook device 1000 (illustrated in FIGURE 98 of the
20 drawi ngs), as heretofore described. Additional rotations of the needle
50 to creaDa3/0asdditi onal tunnels 100A in the material 100Ppcarusoe3aif ect ed
due to this slack in the thread head 50D of the thread 50A and in each

case the thread increnenting accessory 1101 can be operated as descri bed

above to Q{e@atsaDtlbégsin&h@qifeadFMAefsrdoﬁﬁolmax%eatﬁulaf&e&me%_a irerth&iRindr aWl ngs
when the thread head 50D 25 of the thread 50A is. forned into a | oop as

i 11 ust r at ecpsion [G0Resheeinafer gactifdng the thread increnenting accessory
1101, a sutlre RaeRinEaiws i 01 81194, 80! @AEhSF v iR dRREAE dhiePiflor @ DY

extendi ng the free efd of the thread tarl’ 50C around the thread head 50D
forwar dl y wfedletf® hakh made an fgtidiesveisalgheugk $wonsterdald00 of sissuelto be settesd | n

FI GURE . 82, .kFurt her por il rat ed in.Fl GURE. 83 nts of the
e 21 AU, g Btk § bELOThS g in SRt O g e

t hread 50Anitisfly@hgaétienthsead 50ALgthe acjdiesnpullsalrmhindad apduridthe aeteeni al 100,

as illustrated. This, entw nenent 50G i effected by first tightening the
first |oopdl Fﬂ&tﬁt&%&crqmﬁ@p@es@%imelr%e&qm&t%dy asCESPUF oop to define
a square kb 16 Hove BRIBBYabdtonisthgl mstréh&@%g&ﬁawoﬁ%& fhatdri@Priong t he
thread tail 50C around the thread head 50D. -65 WD 03/028541 PCT/ US02/ 31487

As furt herwith Fagpeqt ta e fixad rowirel B and baaditheitehsdl 1 1819nd inngentabe Akl ng
AcceS Y Y Jﬁ%ﬂ&&rg&ﬂoxﬁ?nrggﬁéghé&ﬁ&db% 1% G ??i%gdl]‘k"%%&? ﬁbeédé@m%'t& €n

addi tional rea I NC nting accessory advanci n rgm 101A,
as i || ust rtat bigheBabyabldielad¢shirld Acnd nwveblebiddag 1 Hidcesk treythkead 50And t he

addi ti onal thread,incyenentin sary 5 1101A can n b rated as
descri bed WéngttBroélgé?i‘eegqléeosggtafﬁ%ghogtﬁ%’?l%%’?%@%m ]E]&Ee%s lﬁﬁée%%s%(figri al 100
_and t he t._fFIe}iﬂklE' M%ﬁ?ii%?reAm&&me&mﬁf tiandotdtte h@ﬁdigtl'mﬁaz{rit}i hr eadk

i ncrementing accessqry . respectjvely, to facilitate tying o not s
or entw nefﬁii??@%w&b@gﬁfl hqusingd 120} on dhssadvapeily e é@l%ghih{elc{?éf%tlggp?lif FI GURES

80- 83 jaf  {{he HEAMIIRroukh tREFRRET THDANMN ftdin He@EB0é fréifl thSosittd and 90C 91

of the drawings the thread increnmenting accessory 1101 is typically

oper at ed bilusiegtedeinFHIGHRERSQ wmidgifeand inpwmRniaHy.ith shaspastivg iHaweliesl 261 as
illustrat ' I t d t. ' tion of
the' power T Te oA P IRG oL PERBIRERine ERERUPSUFOEREREL °1, 01
and nove t30A.aContadl iobthiploap és thpR4llnnffedttEbythy attion o thesdlidinglliods 508 iback and

O eSO SRSl RS B R0 (P
opens Johe hGheheg), iPNablborbiadabed 1 hadansal ddetiohy abthe nbédie 66 toldrdae by
rel easing pressure on these blades due to release of ﬁgsnélg&tinl%heé ween the
act uat i on 3ddgtomahtynaels 100A in the material 100 can be eifected due to
thread head 50D of the thread S0A and in each case the thread incrementing
accessory 1101 can be operated as described above to create this slack.
Referring now to FIGURES 81-83 of the drawings when the thread head 50D
25  of'the thread 50A is formed into a loop as illustrated in FIGURES 81 and 82 using the
thread incremenﬁng accessory 1101, a suture loop can be shaped in the thread 50A to
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
30  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
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 50A by again

looping the thread tail 50C around the thread head 50D.
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and the tabs 1118, the | onger tabs 1118A of the higher novable bl ades 1112
and the 20 novabl e bl ades 1113, respectively. This occurs by sliding
oper at i orwofoskss4nct uati on plate 1134 fromthe neutral p@ETIUSOR31487
illustrated in FIGURE 90A, into the normal range of notion 1144C and then
into the extended range of notion 1144D (FI GURE 90B). Since the actuation

plate 1134 is f'Astﬁﬁh&‘ﬂlﬁktxfa@é&rm@@(}@mﬁ|89%%Halﬁeﬁzﬁ$hr$§§§wfe%enﬁﬁ%e' ving the
extending ends of the tabs 1118 and | onger tabs 11 18

her
movabl e bl ddessary 120khdan breuifised b thelskesdeo IleBm@nangthwdtth@gletgmés 1118
and Ionge A S
correspondl%%ggédﬁéégﬁmgﬁgqqﬁ%érgﬁkégﬁmﬁaxg?§§iaﬁgz#qgu%%bgb ou5|ng
1115, - pr esshiead irerdmentig$ becessorp £HI1 axd théeddtidreib threrg] inodmenting Mestsafys 1118
and the_lo tab 1118A re SRonsi V. rd sli.di,n nt of the
et unt Il R e bp Ppurmiedne ot boye S5 R fedis i e et SPRoy, %t hi &
sli di ng nowefRRh tﬁHmht'&ﬁalal@blaﬁﬂltlwﬂlpéadﬁﬁrérﬂi&ﬁr@%dcésﬁtﬁy 1ovakd ﬂxehOUSl ng 1115
on the case 102 in both directions in the nornal %e of m)tlon 1144C i s

acconpl i shaddispnaldhisad ingesmienting aeressosy AHA 4 é@&pa%twehg ¢ freilisembring of _
transm ssi %ofslbg’%%%&%&%éﬁ?st %d@ td Lreaek e Q'L eg#&?su%;réél-asr BRRLAS i‘ﬁeﬁlmg@fpr essl on

of the trigger e second e 1261, as i1tlustrated 1 n Fl GURE
4. Accordi 8§83, of-thd@ings/ 028541 PCT/ US02/ 31487 opening of the respective

novabl e, bl ades and fi n ades from
TomeacTOni th s niettft ok S FOURBEE sk 7, o Ale SGEBI Bhe drifies M2 Sl o
slot 1 126/ehxleﬁd inla&:mmﬁ?g)hﬁem;;gslm 1% Hfcally o@faxfamdtt@dielﬁpesimg Gertggtdre "
actuation e 1134 forwar 0 ve the e ho 1115 forwar

in the fi xé§6§é RB W@@fﬁﬂ@@ﬁé@@%ﬁ&teg%Hfﬁﬁﬁgﬁmﬁﬁﬁﬁé SFPERrhn wire
1140 is exleRA§6En i fh8ction! &%h@ﬂg@wéﬁﬁﬁsrﬁﬂs%n wittl B140Gkicading!thowsh fHee novabl e

housing 1115 to extend to its arthest distal extension into the extended

range of nilexible trbadbtl, ped mooxe therpstretipg platel DG4 agd ehe mp¥adble heusinglddPe bl ades
1113 a 5j t lﬂgcli éﬁfﬁ?gtp loﬁ ca:l'e:1 %&%ﬁf{ﬂé T %ct%? ﬂ{eaﬁ:yze'drl'lgusﬁg?lid" roﬁ%ie 50A. The
ades f ades

anabIe bl I xed 4 are then caused to 10 engage the
t hr ead 50Ard:np1m1wm10@ asollesteantd iofFICRER ESOWA-90Ca fdrifersiachmevereert140  and

novi ng the nov ous t he n rearwardly in
The i xed oRBHaRs §iedRb PRI 3% ahderne BoR s REEY RABBE e pond ng
tabs 1118 paasdlrbbﬁtﬁs@ﬂglaﬂestm&o 14388 of eaitN@ befweeR (e RA1E66 pRIEPDI4t € rows of
these blades to extend inwardly toward, each_ other F ﬁge the thread 50A

and pul | t AR thertabsl 148,4he bonepriabs fEI 840 P ghetypovable pladerskiddead then FI GURE
82. Adgti anrhblehtdRIEN R espSRNERE Mitds Sculsty SHaMARIRrdteH DI ik obkhfoh N the

sequence of first dlsengaglng thé novable Bl ades 1113 and the fixed bl ades

1114 from pleee t Hdeizem Semeatal pasiion ilngatidig HETRERMadniodhe nomial ramge novabl e
bl ade s 1113¢ %ﬂoﬁ 'l)fc?ﬂ') Qﬁd”‘tﬂgﬁ intd-#& extended range 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

25 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
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

30 ' 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
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,
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responsive to forward and rearward novenent of the actuation plate 1134 and
the 20 novabl e housing 1115, respectively, (FIGURES 90B and 900,
facilitatwe oaxwessmsi on of the thread head 50D of the threadTi®H2/a8187
illustrated in FIGURE 82 into a sufficiently large loop to allow
additional rotation of the needle 50 through the material 100, as well as

def i ni ng a'&gﬁrhhgl 4 It g%tﬁe{g:ré gfe‘?ﬁadeﬁ lﬁ'ﬂﬁfaﬁ(}"fiﬁ&ﬁbﬁ%ll Ixe%fkrébéﬁ ted in

FI GURE 83 remaln i n place on the ousi ng
1120 to mitmsabladehommmoetadt Giathahpertien glittwehehd 60A Wdeh lis witen the ead

nousi ng 11 BiESGRATRK etERTl bl d 1T R AR Bt FlRERe. ¢ hr eac
plat e 1204705 pushed farar (gl 2al L) L Lhe access sTot 1 L aA and the
Ih.lar r owi Nig ?Pﬁlg&iﬂ%ﬁlz I&p\&&){@ P ROY Wl@l“’“‘f éﬁxteﬂie él%e

novabl e bl adesielhbe 1200 TRYaRIA ahb@g% éé&é’maﬂalsﬂgelrmeo thesetitsades from
contact with the thread 50A. Further ormeggrrmﬁ he actuation plate 1134
MRHLORY

forwardly Bythestedistal extensianriatogbavertended et 11441 tlxpfixqddrapinst he
housi ng Wal& I1 f(é %égl‘p B&P@‘lf%af)fe)ﬁﬁﬁe? ? i"ﬂ 48 tilé %Qecﬂ?ﬁﬁés @tl i%&}(ﬁ ' B3

(FI GURES 8 e access extension t At ac d to t he
-67 WD 03/ @R85rERd BOA/ US@ZﬁMERbla@stlillﬁaaﬂcbﬁqul tdades 11 Bélareitherf @ussldoi nt o t he

narr ow g slot 1144B on also forces t.he ed

b1 ades 87 1 EHse e TR Baey ke Rt heafil P Bl e R rrE Shent i ng
accessory &ﬂ@ﬁloviﬂgotﬁé nfovaisle WG lisie BBl SWaek €o thie pasidinkl suselontrbaeaedly icthenent i ng
accessory 5 1101A is attached to the crescent . arm 10 1 A _of the crescent

101 as il | &%ed hewsing HM20(FEIRRESHC)+ which aefian bends theirpaaponding dahsddil§
accessory a&@&élsﬁgtr%sqtlta&t@a@wmlﬂﬂ éahsegg)%{oost%@wsaﬁﬂtetma&e%%nd handl e

1261 by an additional flexible tube 1141 and™" power transm ssion wire 1140

(not il usextgndiwardlydpwardteactbether, engage Iﬁheetétbaﬁ ﬁ@Aeqmémullﬂge thmdé@éor y 1101
and t hec:ad es850 | t aneousl y.
Ref err?ng gllgé%t(ri\)lg at{‘—‘%%%@@é g@%@%‘??gﬁ@@ g%vl ﬁégljﬂt%agﬁh un ook devi ce
1000 and t hevdmeihisefitheshevdbht homgingdrl $5 omtheG6QAnod of fivet d:lsnmlghgmgdw devi ce
1000 are use t ni ate. t rea andg facilitate |ng of knots
or sutures™ lP%Ilarr%\?\gPH%Eitptgﬁ%‘iﬁa%égﬁg%ﬂntﬁ%ﬁf@fgg@ﬁ R/ unhook
devi ce 100@n a)gﬁ@\‘heﬂﬁ@a@$@0%tﬁ'ﬂﬁ’eﬂnﬂvaﬂb'iebﬁ@eﬁﬂqg|aﬁdlf&§dﬁl|aﬂéstllqlﬂ version
1000A, is char acteri zed by a housing tube 1040 and, an aUXI | art?; housi ng
i

tube 1040ArgsPPESFRELo fomyard éatzwamard\moaﬁméﬁtﬂfd%gc%wprwé‘? t ube
1045, yfi C#o%ﬁlg'?ﬂﬁs1%%?m§ hepbdRety gﬂ@itﬁiEéb A eiciihsed P4, gHd the
auxi liary housin 40A"at a sin arge section 1042,

respect i vebythe thread head 50D of the thread 50A as i lustrated 1n FIGURE 82 intoa

sufficiently large loop to allow additional rotation of the needle 50 through the
material 100, as well as defining and tightening the sutures in the thread 50A, as
illustrated in FIGURE 83. The fixed blades 1114 remain in place on the fixed

25  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.
When it is desired to remove the thread 50A 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

30 FIGURE 91, to open the higher movable blades 1112 and movable blades 1113 and
remove these blades from contact with the thread 50A. Further forcing of the
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
(FIGURES 84, 90B and 91), as the access extension tab 1144, attached to the
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Each inner housing tube 1045 al so extends rearwardly fromthe correspondi ng
20 housing tube 1040 and the auxiliary housing tube 1040A, respectively, to
recei ve awopadioessef t hree-position switch bodi es 10580, attrarhsd2/sast he
respective inner housing tubes 1045, as well as a center-|ocated,
three-position switch actuator 1058D, secured to the actuation wire 1050
ext endi ng u Sihg, tube
1040A, res%&ggﬁﬁ\g/glpmgégﬂﬁgslrfggggore 1?quscrl blq%glgﬁ%:l?f%rdqF PRE bpudl ng 25

mani pul at i ecrthmfalssmﬁ)mdsrﬂ@ﬁ?gﬁdshladeedlh%amfoneltmnr ﬁloeadé@ﬁpﬁmnahea t he
actuation 1050 _and_t hus )f grip/eject/cut blade 1020 inside the

i nner housi %ﬁﬁre E%ga(fcgssom trated in FIGURE 102. As further

her et of or e deSCUrﬂeﬂclrduhﬁ‘[&b@SﬂMé a@hdcﬁﬁ&@ﬂheadﬁﬁ%heﬁ@ﬁg&cchﬁr is attached

to the t.101 conveni ent such sgrews or welding, in
non- ex§ iwppésr%tfaﬁ prchnttq:q@ ]t%gj?f'gﬁe SHePCFRh HEnS 1 edd poi nt 1058A
i s secur edpiQURIEE 85868 H&Hlﬁ@rﬁ@ﬂﬁeahaﬁérerﬂehﬁﬁ%wﬁsggr 11@1&' c%ﬂ%% a&aafedtt@e
drawi ngs. Referring now to FI GURES 98 and dr awi ngs t he

respect i vetheitigger 1264Biangd thqﬁgeonﬁdmydbrl%ﬂabym@xéﬂmh@ékxmn@e 1i$band

i ndi vi dual t pul at ed
o recel vePyg Bl e B Gol MkeRed, BpiRISHER: A nclcy iR

thread 50Aa¢aessolne 1 h@binditheadditiafal HeedOiheremmeating hasstsont Hd1An FI GURE 102A,
respon extension of the actuation wire 1050 and the attached

grip/ ef ct?&]‘ﬁtaﬁ?(ﬁﬁ 1020 in the inner housing tube 1045, respectively.

The” ﬁ‘“' 3” R e o e e R ack e O
the threa tal | trate I Nn n | Ké
manner Qe ﬁief% F?Z‘euoramle@ 19808 of g?lweﬁpuﬁﬁwkpfqvaqeé& 0Qgeh t hat
second grl Qée@ts%&ﬁwlat@k@qﬁm&@g@A%a@a&%tm Ng%fnﬁagopaﬁares RE@hidwes. 1018 for

receiving a segnent the thread head ulation of  the thread 50A

into the |A@slélnsyrar@dontFéﬁUBﬁsil%Mhoqugh@cdq@querwﬁomus@dlalpge @wbm
t ca ff e

nook! ahhoole b el B R OO EAR RREEED £Roind B TBRPRGIAS, |

ti ght en t heudilaty hoosiap tubed940A (FEHTRENENYdash D0 Ghichenclbsassnrimieed i n FI GURE

oxtensi on BICSSHEBE 1Phe TORkoNHs SR Tt it ot hte“eﬂsﬁ%ﬁ””

install ati gekiNgd Sﬁo@gin%@l%%am af @h@ﬁs;s@% B eAlatRA s@ft1ohh©42&6%ﬁ
hook/-unhook device 1000, as further ustrated in FI GURE 106

Accor di ngl bach ingg hqusing talsph0de iatsoeartends rrapvardlyshere the Gosiesismd mgGURES 98 and
104-1 th Jalp; oD t bl e
installati @é\usti er si&)ggli 000%,al q“’?‘%@%?ﬁ%ﬁﬁ?@é fte\%&%%ﬁ?él%; T B%jwunhook
devi ces 1013@1; Of;ﬂnmebpomm switzb@och@s ﬂr&iﬁ%wﬁa@lwd\latheag@este@mmrémusingl udi ng

the thr ead h @ %:s %V%ﬂ as 3% enrtfef\rI llo%z];ted three-position switch actuator 1058D, secured

to the actuation wire 1050 extending through the housing tube 1040 and the auxiliary
| housing tube 1040A, respectively, as heretofore described. Accordingly, sliding
25  manipulation of the three-position actuator 1058D to reciprocate the actuation wire
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
30  point 1058A is secured to the second handle 1261, illustrated in FIGURE 4 of the
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 insta!lation Version 1000A, is manipulated to receive the thread tail 50C of the
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| oop 50B, as well as the head portion 50D of the thread 50A to create the
sutures or 20 entwi nenents 50G illustrated in FI GURES 105 and 106. This
mani pul atwore3iogss4ef f ect ed by separate slidabl e novenent ofpcrhEsoz/esipecti ve
three-position swtch actuator 1058D | ocated between the correspondi ng
pair of parallel three-position swtch bodies 1058C, either by itself or

i n concert - (N p tck I ' i rated in
H aone gos Al §0A' s hohgs g PR 118,18 Al S FIGORE: 162 b F]’Eé‘%?am ngs
and t he abtvextemisoofith actuatiph atiret 1050dnd thatittacked grip/@edbicut brede 1620 inhe

cycling suturing.and knot-tyin eviceof this inv joQ. 1S cterized

by great f{h&%"iqlhloﬁ}?g Fllb%(%/ rgsr?ﬁabv l}éeglfls agcbo&%?e}teosﬁﬂé %l?fﬁi (#Paep %?(?ﬁlgan be

qui ckly anthensé hocoﬁ@l;sddhieqrb@gmlaﬂt cﬁh}é@@ﬂaﬂt’r@il 50©Jasrimmudl | itdted ia COGUREBS ?ng .

conveni ent_suturing of incisions and wounds, .as wel, sutyring o

or gans %and!&therd tlg%s@éﬂﬂeé’??élpéﬁ therserend }f%gzl’é‘hPﬂ&%lj\%’ﬂ%’g)%ofﬂ%g%I ongat ed

transm ssi ﬁ@ﬁgﬁﬁ&it R hat SechRPBFifdjcRl cilt BE1dRMOPRERo BEMREAHooRBHed O define an
a

extension tu termnateS Tn a ball and socket-nounted, universally
a

r ot at abl e, prafide 2018 for mseizing agfegmenl afdhethresdhead $0B+ Mpnigulatioarpidhe uat e

needl e th r r h LMREUEn. i ng upon the
setting o%éasdla‘%/ ‘)g’éﬁlgosﬁh%é‘%sglé’gﬁ?&%ﬁg&r]%%&?)‘ﬁ{ lttuﬂgt%t?cgfr?s}ﬁ‘lg}sm on1 Ong 03/ 028541
PCT/ US02/ 3tpscallytefiloeted B fortvaminaidi rewdrsmoendsioni of thad respentiveliait/wmhoek cr adl e,

pi voted on,a_.handl e, for th  rotatable i,votal ipulation of the
trans rﬂd Usi 6?1"“?%?1@05 RN ?hﬁtdf)ﬁgf’ “ﬁ?&’%ﬁ‘% PB Helis’r?é‘alragpgg% gﬁﬁeﬁl ﬁ%}’%f%%?“é‘éﬁ"r

det er m nededt@gAdphddis 500NQs ANREERAEN FIGERE 065 Tie 16@56d shtwifieptSGG egh on t he
end of the extension tube into a variety of gg;)tl%/g@fqogy o,pergétl an 5 of a

| ever | ocabedutier tigkicrain rthesexispeionof Age eh ol/frhaok giiees 59nt ube. The
curved n eg%l doubR &ggthl‘l’aﬁen SElsRn! 1![O¥])gkyanﬂ ReRirddWlerdibBf o tHR G WpaRioR"

counterclockw se direction in crescent using a systemof various
nunbers of hdnkiaehoobdsiing$00nds Hirthdedlustnated ay BIGIHEE d@6. t han the needl e, by

depression of a,triggef Laocated in I . S Rfg sut ures
pl ac edf% n the t%gﬁrgglgb'ﬂ %ttvﬁlgrbﬁoap Bfec%lgegi ﬁg@ﬂ%@é@%@%ﬁ flfﬁéer enen ?%d 10
accessory tehn10%that teddodionivrk deviced0B0 endipartitultdhye thoe dabéninstalatamt | mi ze

creation of a | in the thread for dj ti.gnal edle rotatiqn and to
further faﬁ?rﬁﬁopalg’g&ﬁnﬂuﬁﬂ H&OB’roratF%/W?gO@ge %?@W&?@ﬂgﬁ%‘c?shw@gﬂ?ant pically
with the hefipfto %@iﬁnatmue@@éﬁﬁaﬂgmudiﬂ%meqmammomw therdiepar at el y
mani pul ated by the operator to articulate the thread into entw nenents,

knots and loepdioBs as well petheihsad ortion Spiarod thq thepad S04 terets hoSIMm®oer of t he
arawi ngp | Bli-AGR SRSRIRAL IPRIGURES 10467 $0d. NS hlahiphliioRRd knot - Ly1 ng

devi ce of i's 1Tnvention a unidirectional device 1s generally illustrated
by ref er enefifeatethiey sdparhte slidsble mayement efithe respécByREBectpOsitdomdswildhoA t he

uni directi gcqgalltog ?6@ Sbelolcébt\eci get\%ggr{ %%tcg{rieszp%gditr)% p%ﬂ o?f)grgﬁ‘él%hlreie-)ﬁ%gﬁ\é@y/ case 2,
switch bodies 1058C, either by itself or in concert with the three-position switch
bodies 1050C, as illustrated in FIGURE 108.

25 It will be appreciated from a consideration of the drawings and the above
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

30  organs and other tissue located inside these incisions. The elongated transmission
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
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nount ed on a socket 775AA and characterized by four, equally-spaced

way/ case bl ade 20 housing bosses 11, provided in the walls of the fixed
way/ case woanm24sutted with several sets of fixed way bl aske3/usBE3148he fi xed
way bl ades 12E are arranged in an oppositely-disposed configuration
defining a chevron pattern pointing in the direction of travel of an
arcuate ne e , i j J

illustrat egdﬂieh 1%9 dg%h%ggﬁ%%tgaﬁ hlgg%g%giﬁ?%d%%@é’gl e ?clg?gg%hﬁ\;%ﬂ;é’b a%oetg 12E,
arranged 25otafablspnd pivadlymaispapacd et anstnigjonsube toyipithed pogitiondhé ded i n

each of the_wei gh/case. bl hausing bosses 11.. .Fach of the fixed way

bl ades 120050 d SRR it Mot o] REfredbat BRE B he 508 cont act

\% of ihl e 17nfadipudatedioethe eﬁ?@lﬁﬂieregtdlhienmgmmo%@tﬂdle@mﬂﬂogiti]?hobjﬂdpd&eﬁdﬂ e 506 .
i ch concaye_contact profile 17 extends u tqQ defjne to ounde

end 1o, 5and amaﬁegi o e il or PHERRS AR She Sétﬁ%ﬁl%%&?e-aih?f rat ed

in 30 Fl GURERId RUPvaRYeld@RRly ift eth@dBe EloRRKisE beahAReSoddvikS dibécBvhged bet ween

the bottom edges of each oy the fixed way bl ades 12E and the floor of the

needl e gui e crescent wEgsf system qfj vasgusvaymniecss ef bladg kyusipgs pedbledesiheterei | | be
herei nafte [ i ’ i e bl ade
housi ng boég@?@%ﬁ ?ﬁedrfeﬁéig’?olyx(géﬁés\?l\gg? Zg?xgé%&? E‘%}g feﬂgn ?%Z}%g@{eifélgeao éé\rﬁ?\%t ches 6
i n t he needf sutges gaced otth@Gssne. Fadhdrinoat, ene d0mi® B0 AbtderPOg/ US02/ 31487
novene of the .respect.ive driver,housi,n 0SSes aced art.on an
oot Db hsentry ST HEHAER o b pORRES e PRSPt i P REE PR Deals i n
t][le L [ xgd. Wiﬁ&ﬁ@t_h;?ead f&%dauroh?lg[qeﬂle:cru@ﬁﬂﬂh@ditd forthérGulREG éena&ttmgiorlwa. Each
of the driver housing bosses D is fur r. characterize y.a set o

chevr on- sh&fBE OBFYTERE %P%e%da wptsallieth e belp &Pﬁ@?@%*ﬁ@hﬂ%d! e 50 and
are orient gglibd \kl*ﬁg}é ﬂ%a&r%%éﬁ%?atélg rﬁ%rﬁﬁﬁ&te@%y&ﬂ@oﬁéﬁa@&'t@ arflul® e @igSipned to

engage the needl e or driving the needle 50 forwardly through the fixed
way/ case 2img egiwinementsrkoniaand sutes iethedfsses: furt her described. In a

f d nb H f 1 i . . i j 10
T

opposi t el yeflihepyslity sedringaind &noetyidy déviqerafithid édvenfidha tundirsaivaalodesiceon shape

and contour pattern.a fixed way bl S E i]lus i.n Fl GURES
105D and 1otegty ALl e Rt BarAG 5 Asittigeeteds FIGHRES09R08 v om
consi der at i1 99 @he InlifbE oA Aetvibl AtibehAeREHiRIDY aherdes iR dyasSBat
simultaneously in all three of the driver housing bosses 10 and in all four

of the waio¥atsd o BWeks disthgns shaagenied hyeiour raualycreedvay/sse hidet ed in
the pogpti H@u%?g %#géﬁslﬁ, gfgﬁgieﬁ% ﬁle@v’ﬁﬁ o Qe %fed' \5§%a|]§_% 9bnd RiE@dROA extends

ﬂ
from one end é 50 and the needle gmg SA, neasured between
t he shar pesadral eetd o€ fix¢dwamnbladeshlel B oihet fixgd ovay hldes (L AE erechrianged insanhed to t he
opposite end of 1he need] Q,. .- nt i al r S .1 gap 5
wobsur ca bEPRRVT AR Pl g R B ReuaER S hefon bafilh BERAR APl Biblifn
of travel of an arcuate needle 50, which seats in the fixed way/case 2 as further

illustrated in FIGURE 109. Four sets of 16 flexible fixed way blades 12E, arranged

25  in oppositely-disposed sets of 8, are typically provided in each of the weigh/case blade
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
found 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

30 FIGURES 109D and 109E. A blade floor clearance 23 is provided between the

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
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curved advancing arm 2A and receiving arm 2B of the fixed way/case 2. Both
the 20 fixed way bl ades 12E and the driver blades 12D can be secured in the
fi xed waywoasm28s21 by neans of slots (not illustrated) or tha/dsoxadsnay

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 b'n?&%rﬂ&ﬁ%‘ﬁﬂﬂg r&géaﬁé.d}i%ﬂ%s g%ogé'eb\igrs gﬁﬂ oR9f $R%atel 0,
respectively, as illustrated i n FIl GURES 109D an 109 Furthernore, the 25

mat er i al ofcopmaction ownmben Outwefinna tacgprdeal daverbilist segishin fodixed vayimdse Be

dosi o ands Migre! ARHARa EERFORES sPRéod 2090y, BERCHER R BUT o PRES) Pyoo ™

whi ch i s suDfi Girthet bhzarsdtérimd by @ setesTohieaoh BRapedtd@iet biydesf1 2Dhwhich atkes and

whi ch offers ufflc de reS|I|enc o, facilitat ge of the
necdl e 50 BAFE \FE° FFeRdRek! éﬁ%dwﬂapa’mavegp% tebdlente

novement ofpd H6s1%1?&1 b%{lﬁ%ﬁ:‘ tAdndelfer RR Hﬁhhg fheec RS 0dbiwirdg ﬂﬁ%ﬁ@l@ﬂies m
Ref erri ng again S 109 and 109A of "the drawings it wll

appr eci at edixef stayfonge ? by dpvioe aechanisray h@‘emgft@refartb@ deperibgé o &wfqmﬂ/ case 2
in the man @ﬁ{bodf{%énlf oF {h%tlﬁgen'tlgn EAC%%I&J‘(Q‘?VG% U5 hsﬂl%?(g f(ﬁco?l{alﬁ d river

housi ng bosses renment vm se an
count er cl ocpaved-apdlit deiwen Wadesil2h, ar&m;gedin d)ppolsi”uéyfdlspesbd-sim ofi®, &3h028541

PCT/ US0QR/ 31487, way 2 t hroughout he | engt.h of ndi ng
ot chod06. DM RR e PP SR ot PR Putts L Ex S rRBRACT ca i1
the art thaletln@smwmﬁrFIGUKBS’ MSD daﬂmwmfﬂlw&aw&xgiommdﬁ@lw&rwlﬁdoeon t he

connecti on nenber 9 and additional__or_ fewer /.case_ bl ade housi ng bosses
11 can be pPY¥riated frapacapsidsratipnofdT G%#O%%%%@sﬁﬂeé@éﬁ w5t fhg 5

i ncrement agin @ﬂ?ﬁa\ﬁ{%@&bl} ﬂxealf BRIRE BV hc\ﬁ?s'ingtm&snl@ A35 &1 fh oL the
correspondi ng / cas€ bl ade housi ng bosses in the respective notches 6

of the fi xe‘diymw dehousing\hosses U whenitles seedie i(héllmeﬁ%m thepeditien bosses 10
and the:wa g ilitate
suturi E% t gggls%ggnse ?gsﬁé %ﬁ%gﬁg&%ﬁg@d’ 8&% %E%%el{(f%fftﬁ si newy,
dense ti ssneedMniS@bnd thepunceds gapl%ﬁpmsasumébeﬁwdeh&aﬂerﬂe&edﬂﬁe&lé tfprmhdt her ef ore
better gri of, th edl e e resp ctlv riv Iads 12D in
the driver ﬂ??o‘ifg’i‘tn‘ﬁh%‘c?g?ggre%ls a?t@gl}%l&? e‘?%po tg%%eeg{?r{a appr eci at ed
froma Coeﬁeﬁﬁzﬂgl doRespdnde k63 B% 3Q%6a51108 Petdtdn ﬂ%&s&@&n&é&d@'bﬂmengs t hat
r

t he respectlve i ver bl ades and fixed way bl ades 12E are angled in
the need| e cHiyrdadwnsingzem 2\ e repraying pem BP:fdhe fired way/ease PyBefdrike when the

needl €250 igged 9@?% hdaed E)%E’ gﬁd nglaneed &c{%:l s TOHEER Bl sQ{ur f tReEEwalcdgt ween

t he respective iver es 12D an xed way es 12E neet's wth
little reskdyaneams ofiblotsdast illestraied) dr timibwémaydﬂadelaéZE@e@Iﬂ@ dsiyer blgdess wi t h

S gni 1 cant h sl S A6 1ch BPbHoALEERERub RobN1eiANR bIeSHof Rb&Ral flat N

rearward direction
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

25  material of construction used in the driver housing bosses 10 and the way/case blade

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
30 reverse movement of the needle during incrementation of the driving mechanism.
Referring again to FIGURES 109 and 1-O9A 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
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Referring now to FI GURES 109A-109C, 109F-109H and 1091 of the draw ngs 20
in a preferred aspect of this enbodinent of the invention the driving
mechani srwbDas/02¢she reci procal driver 8 is characterized byca/usor/yad]

bevel |l ed rack 48, having a rack access rib 48G fixed to the connection
menber 9, typically |located beneath the center one of the driver housing

bosses 10. t e I ated in
FI GURE 109 the ?%%%Hgg @su L e 1%&213%f e \éb{ﬁé‘sp q”e“:lxlgl? ?gﬁﬁgg;éc ﬂc%y?glhgglgegl%%ﬂed 25

to extend thlerfothgy appreniatedbyrthese skillstl inl 8, arighabthe sumber afldsivacladisimggui de sl ot

aci ity alPbu PR OF Qifecon R et Rol B Rle Tud SRR n e SloRs (0" °

engage cor ihislpdodiing bgesss 11 eat be prédided rtmfacﬁlﬁdtemrioﬁgéa@v ehdrefl rqeippocatingear
48A, as illustrated in FIGQJRE 109C, In a rst pref rrggherrbodi nt of
this aspectD@FOFHEIG Weﬁ%@ﬁé?ﬁpg?ﬂvﬁﬁ%‘v%‘ws 05%% RO ESDARAINES

charact eri zeq/da¥e Bla@ORbhMUOBEEs&El 1ﬁfth&%§ﬁec€1€@ﬁé’[c1{’é§*€ sHheRdgaydéRend the
entire bevelFed surface area of the bevelle p| ni on gear 48A, to receive

power appl i ¥ariousgrumbersey the énmrrhoufﬁn@b@ﬁse%%m thgmaylgsciriadshonsiag t hr ough a

d h
convent | ondposes 1E a3 nch@E 0 fciffic St il RN DG BRGS0 %P e
conventi on dnlandriand ahsotthick 4@ vef, derse $issuz2vhich gL G28mdbte mntesmhemd@rre

t f b | l.ed t he,.d b
10°of e Pant gt iy spoiant PFthe eeER) b Rt Re ot S e oo X
way/ case 2.in fellehret h@lsmgmsmtnoofbapecﬁwayommmrbéﬁ&heﬁappﬁscﬁt@ fedga this

increnentation of the reciprocal . driver 8 c e inplenmented in, both
di r ect i ons CoRsidaTationef KIGIES b0yl age L0k o ﬁﬁxﬁsqrﬁ@mss ﬁ@&@l@gesmectﬁﬁy be

sel ectivel Bdnﬁf&fBIQ&lésaltzﬁﬂaﬂdrﬁﬁéaGN B?EdéWléE a%glé&%n%ﬁ@e@fe%ﬂ&eks%t%
direction in the notches ﬁ/ orward reverse operation of the

convent i ona&hch thatcthe hindes amng thhbent afb@m‘dwrtea@b ISOtlmnégﬂlﬁd)vﬁfﬁé@Waﬁi t he
dl 0
need! © 180 Kignl el SYBLGRL beSQUOLEL AR B peisen a

gear 48 in blddes d::blfuMeetsox/micktn]es-esmiﬁrroemh@easareaxwaﬁi/\mdvemerﬁ@:f Eﬂe@daﬂe 509C, to

f the bevel | ed 48A i d t at
of Che. r acPRFBCH BRI Ba AR AL b WOAE DA P bIGTERG. 435 | 5

reversed, Hﬁe&fb’i\lnge the direction of rot at| on of t he bevel | ed pinion gear
48A and thus, the direction of trave evelled rack 48, to return

t he recipr ocal &eferaps ngw tBHGHBFEStlngAn]e%’@ éO%](}lO?Ig apﬂéO%Irqfdh%@awmgsw ng
posi ti g, %?apf‘e'f&‘ré?iaafs@%t ol Wit Qﬁﬁod]iﬁeﬂﬁff%é ﬂ%&lﬁdnﬂh@ﬁﬂ gmé%HBHQh pgnt  of

this aspect of the invention the gear,teeth 48K arrangéd on the bevelled
portion of themecipencel dlle‘ebr@umphmacg@medhsﬁ\ carveddheveler ranlgé&,shaa’ung srafk at t ened

rack retur NecsollE QEG% tgf'he (lolnﬂécﬁlogs“n %b'e? 9 F‘Jygiégﬁy fb%gédtbgngaﬁxcfhg céﬁ%r

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
25  to extend through a curved rack slot 48C, provided in the needle guide slot 26 of the
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

30 gear 48A is characterized by a continuous set of gear teeth 48K extending around the
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 as a conventional micromotor 48B,

illustrated in FIGURE 109A. Operation of the conventional micromotor 48B effects
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automatic return of the reciprocal driver 8 to an original increnenting
position as the 20 flattened rack return segnment 48D rotates into facing
rel at i onswom3iedsii respect to the rack teeth 48L on the becaluser3nark 48.
This action occurs in the nechanical arrangenment illustrated in FI GURE 109
|, wherein a return spring 48E extends between the rack access rib 48G of

he bevel j i h
o omv ot (RSB {Ao SLLAE PARIPRITL BByl 09 |

bot t om of I'xe attened 25 rack
return segmeiprochd Bringps, datheesredpendiag kotobet fofdlke fixkd wag/cheeie| Pogetlck 48
and the gear teeth 48K dise e the.rack.teeth 48L e beve|led rack 48
i s caused CQPVEPRYTR FUERYMOIQ ‘@%8 tREP B il%%elflﬁntfiﬁ%ﬁ ?f;tgﬁresc}pé?ca 8C by
operation gfivéri8ecadibasniplenidi@ed iabdthdiresons) guch@hatahelraapdotina ttieaahovsing
re-increnment the reciprocal driver 8 bacﬁé nto its 0 igi nal dr.i vi ng

posi ti oh. BessenlQmay besglgethely wanawiaiedin therelogvs ¢ cmirelackviisent i on a

pai 1 Of _CUEEiondh ARSI BT w0k SovblsoTprdbnl 816 didkrkiBndine bot t om of

the needl e guide slot 26 . between opposite resfpectl ve pairs of the way/case
bl ade housimegomoby 8Bl IThingction| fhalkiteies mayemeniraitrpeetios Gindhafoawirde cabl e
extensi on 40. | r Vi A€ . . EREURP ' beneath a
correspo ndltyg)glgcag E%\(}g?te%g%sik%nﬁsg (g%gt éﬁga(d?,lﬁ{éssﬁaﬁaﬁﬂgtq ?at edq-aé’ffg %}{gg? %28541

PCT/ US02/ 3d4%ing oif thefeSelREdSihibh, gedrURAn thncbubidBoclEeist didective as wisived @xt ensi on

40 is te t h_.a cqrres di ne of the.access_extension slots
41 (FI &REE%EI E‘S%%E’gf’ Sorpe Hedendlfed el &Petge\ﬁﬂ?‘r‘ declion- RSYerss i i ng

di sposi t i OfhctetndntRidnQ@TRBS teciRoALEBES S¥E@R Sihen thesdodl-entibhalafidrdraset Vi ng one
end of a pair of drive cables (typically drive cable d(23@24_7 5 il]ustrated in

FI GURES 5648id myetsed. i ehanes fedisptionraieioftion of the Revgledgrnionged 4Scont r ol
cables are,fypi,cahl Mirs&@p%%%gelto? iR W BV SRR 3b i tﬁé‘{-‘éaiéﬁo%al B8ver
ol I'ar 6 1 he

reci procatron I nput c 16 in 1 nput section 1200C and t

t ransmi ssi 8ybut mbethe206dle 48, touhe driginalidrivingt position, avherpimiRESEBrand 57 to
facili gte sel.ﬁc(ti ve increnentation of the reciprocal driver 8 in both the
cl ockw se g‘%ﬁ‘jﬂ Bunt ercl ockwi se directions and 10 increnental | y drive the
needl e 50 ar ounth édvghdriextdditrent ofithés &pédt of thei ineattionrhe ghat et 48&Kd by t he

orientation of the needl 0 int I X way./ case 2. by .. mani pul ation of
t he cabl esaﬁr@%a ﬁgifﬁ%&f" ﬁB‘gB‘P@PP BE&Gﬁ’eYﬁgidd’ﬂ A gﬁaéc‘lﬁén‘?ré fjr’lsF?Pt’PﬁguS at
transni ssi gRafaRa AA0RNRH sddh &t 18D #a11eRRAERIFIGUREN0VB &6 feIBgdi ment  of
the cycling, suturing and knot-tying device of this 15 invention the

advanci ng a¥tAmatic situmrpiahe weiparcel dived S rie ar pEgiapl getpmeatipgposition asile r at ed
provi 2 1 e aiicpfh SHIREFUD IR RS IR o BB Aok e ' <
const r uct echchteeth #8%s phitlrbevebedrackad8.sTaik agttorpdestsiio thef meehanighl e
conposi ti Oarllfrandg%ﬁ{egp ﬁfljls'grégce& ﬁlcﬁdﬁ{]? 1% iI,r Wﬁt];rein a return spring 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
25  rack return segment 48D approaches the rack teeth 48L of the bevelled rack 48 and
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.
30 In still another embodiment of this aspect of the invention a pair of curved
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
iltustrated 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
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opposi tel y-di sposed, forwardly-angled fixed way bl ades 15GX, as

illustrated. The 20 alternate fixed way 15A is inserted or seated in an

al t er nat ewbDiog@eBsway case 15 such that the | ocking bosses PeB/uSa2/aa8h end of
the alternate fixed way case 15 engage corresponding | ock notches 15C in
the alternate fixed way 15A, to prevent sliding of the alternate fixed way
15A in the; f(ﬁ@'ﬁ? i . r : of this
enbodi nent mggc 0 é?ﬁg’ ?ﬁg\é é\éy 'Ieg esdril\;E%G‘:)%(bll@segseggl?ggo?sfl&zéhtrdggi lient fixed
25 way bl atleohgh deorreshoddingondef th seessaxéensionetbtsvil (FIGNREN H1 Q) o progedt ded

with an enlLarged.fixed way blagde ari,ng hEss. HX on.one end, .which seats
D A0 orr bk A il PRE BRRE b B0ST e BB R B il S€2
B?r & owlt;g:l( sl 1I dlmall recéipiggiong efd ofesdir dfsdrive cAbled (t_slj)iﬂ@é}y(_iri\eﬁ!ableﬁ 1340 g/ay

adae s allo pJvot wwth the re tive driver aring boss
15HX i n 't héﬁ"égé‘ieflr%% f@ﬁgE§ﬁ§rﬁ“ﬁé7&f rﬁ@’é‘lggﬁgﬁ% Oé’go?l'%e“gﬁﬁg % end of the
fixed way Bhag cgﬁ@(a& ieflyScohh& a8 @l &i@% apphRt@ustigh 8 @b rQipB&itRhi on of

each of the fixed way blades 15GX in the ernate fixed way 15A is such
that the néwgteolb 1246 abinput sscin/2006rand ikl transmissian tbe 8200apefrihged  way
case 15 in; Iy 'gg.Ef { [ ' oW illustrated
in Fl w%gh%ﬁriggﬁrgﬁgq \ gbsgtaggasa(rg%%ﬂg%tg Sélggtw/?g{r}cl yefi?tn lcglﬁééf@;ér ection of

t he -74 WOr&dBiro@s i e R il te1ot8Wiseraad icstmachckwise eiractiompraddbQ  as furt her

illustrated in FIQJRES 112 a 2A. ch of the fixed.way driver bl ades
156 el enBST PRGN SAr PRI  ComEe ARt i AR ipblgn . shaped
spring expaasifined BY it1ef oriatiod 2fhehirtdle 60 ¢0 el Myl dase 2,bgedl e 50, as
further jllustrated in FIGQJRES 112 and 112A. F r'\tﬁgierm)re, .positioned 5

al ong t he PeRWIRtON of e cables resPenshueeioprraten pEtheyksiva sephapiem i Wach si de of
the fixed wayhkageabta0 oRblferhdtv8dpd@torSPri ng menbranes 15EX, each of

whi ch borders a fixed way spring cavity 15FX Each of the fixed way spring
menbr anes 15EX &r anothesrembodinent obthegyeling, buturing and larat-dying deviceef thist hi n- wal |

£ ool . . " : . ; . >
T5eX 1 it o IriolBieahl e il ARt Bl Byt RS TE PR oS
pressure i mn BIGURES 112 ahé at2Anvldnen anakespe fdied gvayi DéAdnseatyis phivadbedsin 15GX by
t of. th dl e 50 i he. t | ockwi di ion.th h th
R L e N

Accor di ngl phatdresi@BRRpldsat ¥f fliitpleTeepbsiles depgnePid regivepissres 15EX serve
as shock absorbers and tenS|on|ng@nenbers, acting on the respective fixed

way bl adesoPaositelyaispased. fprenpsdy-epaled fisedray blades b ¥nwsdiniede Foar war d
MoVeness | Biddige %X%SJ\?/Z%A% irfsBfed &%%ét%ﬁgpﬁl LiRfe ﬁ&é@w’a%éa@e 38 4udi0

facilitate easler _ novement o arrow 50 in tthe direction of the
forward di thatthedecking bosséslSB meatluendhefrthe biteraate dixed wiay case| IGURERE1 12 and
112A.

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
25  way blade holder 15XX in the alternate fixed way 15A and is provided with an
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
30  neck 15PX as the opposite end of the fixed way blade 15GX contacts the needle 50.
Thé 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
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In like manner, as further illustrated in FIGURES 112 and 112A, the
alternate 20 driver 7 is configured in generally the sane shape as the
reci procawodsiozssn1 8 and is fitted inside the alternate fipkadiSoayi46ase 15
and the alternate fixed way 15A in the alternate unidirectional device 1B.
The alternate driver 7 includes at |east one pair of oppositely-disposed,

f or war dl y-%sis%ég?réé héé&ﬁ 1802 rtﬁéf@nuﬁfﬁéh iﬁ%?ﬂ?@l%ﬁ%ﬂ. FHch ¥er

beari ng boss ase thereof and seated in a corresponding driver
25 bear i ngthedixed M5y driveabladed 15@% extandsvizom ithelkaring hdlsropesixg orvedsr di ngly, a

driver bla hol deg 15X | rovi ded in.each. hree .drd ver heusing
bosses 10, ??Jﬁ(utg)f ué@&%%efﬁ%@iﬁg r?%he Vfggfgﬁgﬁ’gtfogég%%%tlgéﬁ% of each
of the respesild 5@ ad firdtes ilhisaded in BETURES dh2ped 112A efgalyembhe posdticied 50 as
indicated in FI GURES 1 and 112A and the dri bl ades . 15 r le to
flex fo?wafd@r§ t%ﬂ%&%ﬁ&mgmmﬁﬁ\v@wgfw%afﬁﬁ?éOeea%eié%q & t@fpgx e to
contact W LBy bigiedl SERT alkeRiel ra\&y*agﬁ RRRBERAGs 158X addh bhhRAMEAIHEA V- _
di sposed driver spring nenbraneS 15 bordering correspondi ng driver spring

cavities 1iBed weyisprans eavitslBENd Hach of tha éredvay Rariegmembpaet] HEX faped
ca : . ! ! cheon ¢
conei der ot PPl e GRAI Qb ds o tin ol o M RERIEIRE RIS, |

movenent obf thedixdd imegrsptih@dembitnes WHEX imte dperspdctive adjacaepXigsl WaB854 1

PCT/ US%/31487 m%vegglt)# of the needle 5,[0 i S ‘%’Eﬁ sane_as ..t hﬁ chani sm f or
ef fect ihg MOPERAVILESE O Kngs presshrs HAT ughtigPsan ee CRTespenging BRedMay b ade

hol ders 15§desM 3AIX &9 i @R NHe nesdkesEmtthe tolhecivelrise dbétiohnhddagh cases,
the respective driver bl ades 156@;}@ fixed . w y,bla?ges_ 156X facilitate
movenent ofheraiermatesiixed wey ¢ase {haf FB%‘PPYSﬁmHﬁwPﬂ%n PVEG 425 direction arrow
15L, but rﬁ:@&‘éirfg@{%@@pﬂ%%%%o&ﬁ 28 wisepkife h{élﬁﬂ?ﬁxeg'lSEthtS:ﬁB agfs t he

bl ade resistance drrows 15KX : the resiStant force arrow 15Q,

i || ust r at eshdck absur@IREnd tepsigningdessahrers eetingyery the resppetive fofed avagIbdagleant ry

gui des27A I V] i Vay r B X%
respectllgveﬁé,}%f g’rfrgmrgﬁ%gﬂegﬁg %%&Bgﬁnéetsﬁgﬁ%eed %Jdg’g |e%%é r@:\e (r}g%%%b{/li ng arm
2B of the aftheresidtanckifoned amay 16Qsmd 16 facitatt@asibt fosward toaab eimentFdfEURE 112A. An
advant age of the .enbodi nent d .neans..of .controllin he sw of. t he
respect i vea‘i‘?‘%gg 19\&% ‘gTeg{E@% Og@@%’r&'ﬁﬂf‘l"ﬁe@um Ay lgll‘ag‘%é"ﬂ%%@ml%%‘{ YPated in
FI GURES 1ffs@RES.1i2ka81i13At hat thicker blade material can be used and it
is therefore possible to use fewer bl'ades without |owering the resistance

capabi l ity of t Felils maerersas fpebgriustrated InB{GHBAS 102 andd 174 dhp eltgpate

Furt he re.: i i §doQni J : es 15GX
and dr?(\ﬁlrgr %Y%Jgé%%ﬁ ?‘ggfp écr:lta{a ng?]yf%%{nﬁ%%qegsi%ﬁgeﬁgﬁr @gdﬁlﬁ%tgﬁgg}?e, 50, is
faci | it at efitted msidetthaaltarhate fisedbway easatlS and thei dteampeeiredovas e\ imthent i on

where the a ketrrei\egtg %}n%irectional device 1B. The alternate driver 7 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

| 25  bearing hole 15D in a resilient driver blade holder 15X. Accordingly, a driver blade
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

30 needle 50, due to contact with the driver bearing hole opening 15R and the oppositely-

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

-75-



unidirectional device 1B and an alternate resilient fixed way 15A is
utilized, a pair of 20 alternative fixed way bl ades 15G3G each having an
al t er nat ewbDiogeessway bl ade retenti on boss 15HHH are nount e@®CiTrus02/31487
oppositel y-di sposed relationship in a pair of resilient alternate fixed
way retaining supports 15SS, projecting into the corresponding fixed way

structural eRulLhest é_’QQé?ile(f(gq REsabdkhe HREhanfP RS leF¥&ingdhdRhiiat 6£ T 1 xed

way bl ade retention bosses HH seat the corresponding alternate 25 fixed
way bl ades tH53E8 way hdesd SIGX @ the ﬁx@lsway\bladg heldersr13%06 Withxeodreseondiigade

retaining cav nat e rnate
fi xed way Ty gﬁénﬁvvpﬁeg sﬂ‘ﬂ%’t%ﬁb égf regéifzéée'ger %%%mé%a§?§q%¢gf%§%§r al | el
al ternate fraydthdenysSGHRl &iilithtenddveinaot (ﬁlﬂi@ﬁéddha AbBIhe ﬂme(ﬂlmhiolﬁﬂled'nrvedrﬂer nat e
bl ade mpunt_ fl exi bl e ector =~ 15UU t hat addj tio erX| |I|ty and
Vet restl | GiEgonBron bl LR s vTSE st RS0l B GRS IAE (PSR & 18T
and the fixgde Y‘é’sYstQJc@‘aﬁ%wéq 5RGddNBERSIsMAB forceUrfOw 85d)Yas 1Ilﬁ§raﬁi]dt1ﬁr nate

driver blades 15GG in the resilient driver blade nountin structure 15T of

t he second Fé(ﬁUBfnéi%a@ﬁr fleseribedebozn Hoaiwdapglad priry: svidesdohaicdlfo dri ver
e T

structural caV| ti es e mount flexible
connect or  {ftmeele(B/ D854 tecPiTTg BHDFBNBT altdrblte fikield waywasit Ixgs st ructure

| ends f eX| it cy, to the novenent of the alternate fixed
way drit @ﬁ@é %E@)ﬁi ii)%&swe to forward novenent of the needle 50 in
the di rectl on ofAntetai&raﬁtaga\afﬁeemrbe@tneﬁnarﬂrmeaaqsb&ibonti{dmngﬂfeuwﬁngrﬁtaé so
facilitates driver_ bl ade resistance to é Lfagdemé#ég E 1\9@;8 venment
of the needfsgectiyedixed vayhdadgs a6 and thyy dryee blades L3 tpis 15Q as
further ilhystf i?ﬂkiﬁhﬂtﬁéﬁ@rlﬁ&d&ﬁﬂe&l% be Q§e@dﬂd§fﬁ%&eﬁf@écﬁﬁb&'}br y

gui des 27 are al'so provided in the ends of respective alternate fixed
way 15A, f use fwietlblades wishowsdeiverirgnhe rqsxstamh@cacp@biéitwp g hlades pPRegWarhe

altern eflx I E%ﬂ;

illust ?gt ed %@%@%d |¢#§1 pre éﬂgﬁllszé pec Iﬁ&%%?ﬂ S eﬁsotfg‘%rrent of
the 10 i nveu'ay‘bdmiek h8GRemd| detvenbladesrig Ge redpeativelyh e @latiensiap & ttie newlle bl ades
15GG as V(\§b ga the alternate fixed way bl ades 15GCG, the fixed way

bl ades 15GRUANGIHE™Hri ver bl ades 15G are provided with a serrated area

15N to facilit aeyadebitePBabodiffett dfltis | la%J deh6f thé sRAGS Wheleiadateangagement
with the needl e 58 Referring now to FI QJRES 109, 109A, 111-111 C of the

drawi ngs, undEectionabiedemE? and aaligrateresignigixedarayyt A i utifigedamagil (not
|| I ust pat e@?%erﬁgﬁfef@&%?@bax&s 1%@%@9:@ }ﬁ%g&ﬁfaﬁﬁé AROVEARPLdOf the needle
t I Xed way/c

50 around ase 2, as the alternate fixed way case
15) the needémiob®oss 1 THAHE ab hy)umed\rlenppqsltclb{silsmecd\te@ﬁ@nsiuk\m &paitp¥ ect i on

fromthe p?essh}el P Ql’ce':rna‘uleJ % t& %;;%9 rét%mﬁ'g%ﬁp'z%sﬁ‘%%s?&%ﬁcﬁﬁg §f0 the
corresponding fixed way structural cavities 15000 (FIGURE 112B). The respective

LA

alternate fixed way blade retention bosses 15HHH seat the corresponding alternate

25  fixed way blades 15GGG in place in a corresponding alternate fixed way blade
retaining cavity 15VVYV, all in the alternate fixed way 15A. The alternate fixed way
blade mounting structure 15TT tapers rearwardly of tile 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

30 blade mounting structure 15TT and the fixed way blades 15 GGG themselves.
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
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the position illustrated in FIGURE 11 1A and through material to be sutured
100, 20 which is positioned in the opening or gap 5 (FI GURE 109) spanning

t he advanworig/ozessm 2A and the receiving arm 2B of the uni @écmawsvz/anal devi ce
1 A(or the alternate wunidirectional device 1B, not illustrated). As the
bl ade 50 enters the material 100 as illustrated in FIGURE 111A the

reci procal @y, Viis ﬁxoﬁﬁﬁndée %ﬂ?h@mﬁﬂi %t rZs1HéncySﬁ>CtHQHw%ﬁ1€x{tQﬁrﬂ?e driver

7A) is increnented insi t he needl e gui de”sl ot h each 25 of the
respect i ve aliematerfixedvsayndriveo bladss 136G rrasponsive ¢o fcwalrdegp‘eemqnvgf thet ches 6

| ¥ing - adi aeql <he, GUUGRIRGNGHAG AL CAREARL AdGWNQYS TRY ASRESUEL (FI GURE

109A). The respective driver Uus engage t 'é"50 in
driving relfamhtafes hﬁn}ver Bladé resistanpoiorthe tehhﬁad;&rfon/ﬂeagvaﬁeﬁtwamemafmerméres ed to

reverse the r.e p .0C dr.iver .8 t he ern drjver second
L tor mae. GO0 i GiEelion G tepeisiadostngs Ay 150 P brbsenivgted e, ocal
driver 8 orjjbBe Apfnil?bf StdrNaE anglé@éﬁtfyrgqumsmdr@ﬂsé bidwﬁeaaﬁﬂ@dnasatﬁ@RE 11
1A back to the position illustrated’in Fl GURE 109. This action |eaves the

needl e 50 'pspeetiie ahiemate Bredagay 13 Adfor guidipgithe yredlodd ntorthe repgivingarithe
forwar d pOSz'Bt(?] Q0L BerRite 1126 wet ?%B%Lé NGstfild BT FIRY %1%%ngsfﬂnw6d vay
the needl e e

bl ades 12E prevent reverse- rotation o n the
reci procal 1H|mst1\a®d i FIGURIhd 12D, emmate&mdlaamct 3f tuis ¢rheodimEnt\WhtlE3/ 028541

PCT/ USQ2/ 31487 d.al i 7A
i vi ng o GAGRTTHsoRr o Age Sp O bt ol T SO R o e
driver bl adlﬁSmiﬁlﬁ)(edl’wdyﬁﬁadB’si1\5@G(I‘x),|t1@éiﬂ§edl\5£§' bladest IGXabhiethe dtieerdbladesr bl ades

15GG35) contacting th ee | e 50 ai ri the need| e . 50 and ause t he
needl e 50 tg& ACREREfHE EP’S‘F%W?&% i‘%‘ét?"tel 1tjoppl sepyrdy dythen, 5 F) GURE

111B. The rr%ba{@qgédecgﬂg\é%ém&tv@ﬁlﬂ@@héed%%d he alternate driver 7 or the
second alternate driver are then in the position illustrated in FI GURE

11 1B, but W|tIRef%nﬁ@théFé@W&msIQ%r]éﬁédtlgcpftth‘Péﬁw’m&SH@dﬁﬁter| al 100
and re-gnt %Kﬂc sthfis wfh%?ee‘!lm‘ﬁi ddﬁhg&ﬁ%éﬁt an?%ﬁ @I%'t HleE&tIeé\l)Od% énb@ﬁ%b?@eal AL

this p0|nt e reciproca iV ternative drivers) are then
again re-i rmrcﬁpmlecétib dffitcomolempuisif theareedle|S0stovmtieabe ﬁmedlﬁaﬂte@bJEE(ai@&ll wher e

the driver bl.ades the o i ver, bl.ade sSCri above)
contacting % ﬂ?aﬁtggﬁ’f% %@Q%FWGBEE@B ?fll 5\% Q?S%EK‘EP ?;e it around the
needl e gui @mb&tocz@lserulﬁeh&oﬂ ﬁ&ﬂldh@\pwitﬁﬂﬁlﬁu&rdtéd I FIGURES 1 @nanidl 11ugbrated in
FIGURE 111 C  wherg ({)p roaches compl ete rotatjon throu%{ﬁ t he
uni di r ect | GREAROSEIH IEESt&ate HEGURR ltIM@&é thyoueh mategial odesytured I9ant om) al so

i N posijhi ORyHiG! 1s§5%1't1bﬂ&1 Hhhe Hﬁélnﬁé‘é‘r g]ag SW@EGUR@ lé%(kp%%uﬁé‘ﬁler&@%c&gw

further 1increnments around the needl ui de across the gap 5
(FI GURE 109ym & andetherdcgiviegamo of tlhemmﬁere@tlonai dewieq 1 héordppeléashaie ed by

(nose it gt heoRtle 0% BRI ACBLIR B e A TILE |
111ustrated 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

25 = of'the respective driver housing bosses 10 traversing the respective notches 6 lying
adjacent to corresponding way/caée 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 ﬂlustrated) and re-increment

30 the reciprocal driver 8 or the other drivers from the position illustrated in FIGURE
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
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of use since the driving nechani smdevice can be varied, as heretofore
described. In 20 one case, referring again to the drawi ngs, the bevelled

pi ni on gewpo 04828sAny operate a curved, bevelled rack 48 t@®@cCrmsozsest the
reci procal driver 8 in the manner heretofore described and the bevelled

pi ni on gear 48A can be selectively operated in forward and reverse node to

effect the il J KRB (o] 3 n@ﬁ)ﬁ ?p[%an : Rensid ed

pi ni on geaF&ﬁgiag%Hh%? pro?/%g{eséqu\inlcﬁn%a i@%r@ acg&rla{gtsﬁl?ﬁtosegne t 48D

25 wher e t odgglipsttaet in FISKURE €09 dhose dniverhlades, 12Ddof theidrivenladeadGmat i ¢
reversal of the. bevelled ck acti.on of t eturn _sprin 8E. In
yet anot hef* gﬁ?“ﬁjéen(im{eﬁgfag?selcsﬁg?@z%n%cﬁlp%gleolbegagtéooaﬁalgagﬁjp ﬁée 5%8@% ded with
downwar dl y5@xhé b4lise theided e 30ab liorerfetit €nsiaadly ik0 theopositmdilvitngdiihe ends of
cabl es gnot illustrated) that project to an incremsnt'Q,gﬁirB]ih i ng mechani sm

(not il PusFFGYRE) 1113 dhs mctnrpg! freer eds Velhasthealiema f the
driver, Cak'ﬁoﬂ@ altBRafaeRAEL7 ROrd Bed AUEPSStiSIRIERMES B FIGTIRE haNBDEG. t he

respective blades, which are in all cases harder than the needle 50, can
be nount ed with the neadie$§ fugtheningreniented dhrough thefrhatedal &) fand seeerteritgithe he
respective Ve, ! . 1.6l o] . I : ate

uni directi (r)eﬁ:g{‘)lr%)gee‘\:/r}'fhc%]§ |°Eﬁ1%o‘9‘94%8?ﬁa? g%‘ggéa%s%@#rhé\g@%ﬁ?l e(J)llléb I?I%galra]dééﬁfg 50 in a
chosen di r éattheatdrmativeudriversh gre thenchgpiat re-indt8méfite 34t0 ASpbkitoE WSORI3N 487

retard._rea ement of the need 0 responsi.ve rever.s

| bor endh af GRG0y HEek 8o dtre pes 1R 1E hERREr BV oo S8 Rres 113- 138
of the drawbigy comtadtii@ithehesdsidaR irasothe hB&l1€ $0 b Bredit botngthend
knot-tying device a forked bl ade device 201 is. illustrated_ 5 far

i ncr enent | AePdnSEe slat &6 Hebaiizedyay/fasg? tarthepesdtion Wagtraied nFIGURIL: i s
typically L At 7 i : a driver
230, for zgﬁ(?’pu zg% ?nagp %@%@h@gg@g@hﬁg@gg&%Mg%&ﬁ%ﬁg?ﬁf% g},lggg’ bl ades
226 or al t stithghé theeadhGdEHustated is phardeim) alse repésitinn fogpelbog thrpeghcthise 210 s

provid W1 l?eg%& 960 as2’r915 ntegtﬁé 59 gﬁ@%ﬁg}cpe%ie .ssatrgﬁ%fsmg S%:%ﬁcf? gulapﬁo‘{j?f)céﬂw ends of

the casg 218§ 'S approxi m coextensive W e needle gap 105A
ext endi ng habvywete ghih 8 (PIGURE] 9N dSthefunidiectinmbdédcdD, as illustrated in

FI GURE 113. Referring to FIGURE 114 of the draw.n t case, 210 is fitted
Wiha pair of Lok e et ROk b erDe gpitedit fiety o

wi der sect i @nind 1@ erabshimcREs MRNnS 8f10nA8 chakibleri el bs TlemMbilies; ab@ Sy 210F

are di sposed at opposite ends of the |ocking slots 210E, for purposes of

access, asofsseriéncsithrdiivng areshiniye devipgean) he}}@i‘iﬁ‘éetf’éélefeﬁpfﬁledwa@‘s Iht the
ot 185 O OSSRl B N B SR B1UE bl B ihages 2108
| ocki ng sl otrye® RFeltadradditdtp inbremegtthe hesiasa dfiverdy inzh@manner heretofore
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
25  where the gear teeth 48K are not continuous, to facilitate automatic reversal of the -
bevelled rack 48 by action of the return spring 48E. In yet another 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
30  incrementation of the driver, causing the needle 50 to traverse the device.
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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As further illustrated in FIGURES 114 and 116 a socket 775 is attached to
the case 20 210 opposite the gap 205 and a left clearance tunnel 775A and a
ri ght cl eapanoesstunnel 775B are provided in the socket 7PeTiusot/amBiitate
entry of a pair of device cables 1247 and direction cables 1248 for
control purposes, as illustrated in FIGURE 114 and as further hereinafter
descri bed aﬁclﬁﬁa . cuat e
driver Eﬁ‘ﬁﬁgenerarf-l +&§F@g%§%ﬁl€?9;e é&éﬁtgkgﬁeﬁlg%%%%tag%%?ncl udes a
pair of dovhe\mspdbtyve@xstewdl ng driver tabs 230D, each havi ng a driver tab

extensi on 230L driv hnen [ oove ded on
the driver tab gﬁféﬂ%%%wg%gt&%%ﬁllgéﬁﬁ}%Wg%m%nt ﬁ é’%ét)ves 230M
are desi gneflthe@y¢lageivv@inpadent-ging dwideal forledl blkde\device 201 gallﬁszleh?ed
illustrated in FIGURE 114 and |Igustrated |ni§wanto in FIGURE 117A, 30 for
wel di ng® t hiPrdppeRentinga asuaieneedle Y0da 38 rqupte fixedvey 14Qnhatis WRrBhs 230L at

the weld géd%@&%qate@agerqubwaeawﬁ ngrmtaaala%velfzztm)rdrl ver 230
t hr oughout t l ength of the respective [lock mgbs ots 210E, as hereinafter

further deswnipslgingTheltiplederked blades224; simpler forked bbdas 2260rlismaivovi ded i n

2306 pr o) e PR 220 AR Kb o R OB s 3 o0

PCT/ US02/ 3dpk¢ ther distanasd begw&dnehé facimg cARSES tha cm(?rl 0ahd usf'@pfa)mmeidlybl ades 225

(not il lustrated, urth scriped.. Ref er.ri now to
 QUREE) 5 60 iSe B neetle enet o, @ddhs GEREY M8 Tuink SSh0Re T o t her

i 11 ustrat egdedtlld 40, Rk ViRistrhRH 68 FRAORE 1113 Refdriingtd FIGIEE ne4 @fﬂaeﬂrdvﬁh@ slots 5
220B, each of thé |atter fitted with a count erbore 220D,

cor r espondfhegasecbiihisditisd methsy Rr of specedpparty @8prdlorkias slat Sszqgﬁl ?ﬂcbot hol es
220A, piv Oha\riﬁ)% g vﬁa&tséctlo%zﬁ@f? aﬁ&’ Y 'ﬂ%ﬁBQ%E&ﬁ)nZZZI@P wieh GRlRk&tiRs 16H ot s 220E

are spaced apart wth respect each other for receiving the respective
| evers 225&regfispobed dtmpbgsitetﬂndsj@fsthg kekingodots QI@EL§@? BUHIBORES pgaqcn@, @ount er bor es
220D, ﬁr eu n ft ]yrdt her described. A pair of 10 downwardl y-ext endi ng
housi ng§ta ject fromthe underside of the housing 220 and are
fitted with houAsriIJmth&ted&M?@@@RErﬂSSZﬂ‘@b]ec&ad'lrrgslthwpemm ndufticesi ng tab wel d

att achnent ooves OK (FI GUR f.or, receivin ding a pair of
direction ?‘é‘é‘i@i’g é’é‘“ﬁaﬁt El‘ii?‘gpgqlﬁ‘d?‘i @ﬁﬁl@fﬁwg]hgﬂg%a’?é tgr
further d%ﬂrzllb@dwni['ﬂl% D0k RBKIAZ Aok ToW $xh@idin A augh Eid c?a@@iﬂl%‘k ﬂomr ved

housi ng i nner wal | 220L and is term nat ed b%@thousqﬁg ends 220C, as
further u%&ﬁlrthﬁre@ustratﬁ BUREYRES 143 1ﬂf83;6$0 7P i attachrdd thecase GURES 114
and 119, of t strated
i nsert%d i nh?ﬁ%ﬁy ﬂ@g aﬁuncﬁ%ﬁ%& W@g;\%\:&g&hgﬁg@&&rﬁ{c@tﬁdﬂe}'

7758 are prov1ded 1n the socket 775 to facilitate entry of a pair of device 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-
dispos?d bearing slot walls 230G project into the bearing slots 230A for pivotally
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that the respective pivot holes 220A and extendi ng pivot hole slots 220B
provided in 20 the housing 220, face upwardly between the inner wall 210B
and the owoaws/wshi 210C of the case 210. Due to the preseccraSoi/3t4Re

| ocking slots 210E and the wi der sections 210F, it wll be appreciated
that both the housing 220 and the driver 230 can be inserted in the case
210, wi th tdgiviid #8levieRDS5I? 30dHch Gfth‘é%rl&é%la%éé men@ﬂﬁlu%&bd), adHBENG tabs
220G and housi ng tab extensions 220J extending through the 'w der 25
sections 2he@Einaftesirsetibede| v, Furthernnre t he housi ng 220 and drlver 230

Cangth of the tagBepoRis EIAuRES 1R aAgT184 BPh RS b MR o7

Ref erri ng 220istforthérGlIRErai&0w i pn\/behmiesammgﬁlat ér&em’rtmdaﬁne pﬁ'ed]uﬂe Siots s

illustrate ive top fa lLots 225A of three,

spaced. apattOtfgrnat eouttr SERESThi SRt st Ve ineSentiten n 1 ength
of thread o8UterbyRl tl2LYE atrhaeddpsttite sétbafgﬁ@fmeﬂm% @w Bbleqfotd he needl e
50. The rezfectl ve top face slots 225A in each of forked bl ades 225

are each détiBw@upierhes %W-@P@%ﬁ@é@slo@@ﬂ%&%ﬁp&e@ apés&vsélﬂsliemgt ®5E t hat

project fr base
section 22 géc?hfb r@%r%%(ﬁeéﬁﬁ%&ﬁ@%&e?ﬁg@%ﬁ&ﬁ r% gg%s%ql tﬁé;t;(()?%g % % : Ib%%/ gﬁ’t 225D, as

-80 WO 03/ amsmdmthummmzzqn |ag hereztagiar ﬁmﬂ‘lél‘ dasstiitibd. dnpainéf each of the
bl ade t dg?rZ g}'éen&:ing Fo&smg,tagsuééﬁ%gd%}o ect ﬁg tﬂ? H@de@ﬁ&é of)tfhe Ih s?nsg | ock

poi nts e 0ppos nes ade ons 225E
are conf i gm@ﬁhd a‘red‘ﬂn‘edmt}ﬂmuslﬁg pebnekiteigions 220J drralodom@omﬂng%Eng tab

Accor di ngl be a onsi der at i FI GURE. 120 t hat

The 5 1 ool dtachmpciotfebagic BEtuck 1R SPLRLGTRE oad Prflind 8% bk se

or count egpbRR\WabRs U248 CdsiiDiktiatedGR FIGTRINAIANGARE BeGiHafiefphéed to the

| evers 225D, to effect en%zgement of the respective d| anmetri calli: opposed
e

set s of i nfeseribed KThsohansing 220 sxusther drasterized Ry psiived housirs impetval needl e
tor4ri yenrt hey ﬂ%&%{maté&’w ﬂo‘gm énﬂﬁ K9H & eas%%ﬁeg an%h?ﬁ EY%@RE@ ﬁgct I on

respon5|ve to Increnentation o ousing river 230 (not
i | lustratea)d 1HBAf urt her hereinafter described. Referring nowto FI GURES

120 and 121 of the,draw.n Ys 20..a driyer, 230,

P uotrat g as PPEAR BORRESIIY 81857 el e SR R i e

thr )ee :‘Aﬁr KBéhsix gozirsare ahgltréteaﬁﬂsyﬂtmnttheﬁmedt)m ﬁiﬁcﬁgnail tdlaxﬁinslapﬁdxlchn ::I GURE
120), iC e rotatahly seated in_ the gorresp i ot ho slots
220B, ext eﬁ]ar%rﬁmctb‘rwwti@?qﬁgﬁgé 24 sRepdinE RSB BAlS Ppgs Pfﬂc‘f@ﬁgéi‘?ngl Y,

t he f02d<edtHé|I@q§§g%§5 tfaé&giv@anlﬂ 'b@ﬁ@een@l%i‘ﬁﬁ%ﬂh?ldp&&ﬂ the og2Bwalgd1bae driver
230, allow n imt novenent between these el enments and the upper

part of eaeft %chaﬁq?éof dredd the meﬁégcezqfah@mlota%m&an%e m@qséeqtmé pi vot
hol e sl ot s, 2R0R {1 G NPE&idEmMEIRRE Ble' N GsiRk 396 afX 8 UTHA30 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, throughout 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 50A, 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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225E, for receiving the needle 50 in the top face slots 225A. It will be
further 20 appreciated froma consideration of FI GURES 120 and 121 that the
respecti vwo m3neesadl y- ext endi ng | evers 225D, attached to treTamoz/aspondi ng
pi vot shaft sections 225B, (FIGURE 120) are di sposed beneath the driver
230 and the housing 220 (FIGURE 121) for purposes which wll be

her ei naf t efjukiatbdeThe BRI 0AB 8 eddRioE kHd Bl @erisonk REXIREFuARE cangkd1@2 of the
drawi ngs the_ housing 220 is 25 positioned with the adjacent drli?%/(ger 230 in
f

funct i onal defisiea pashafinperderk Reinth 2238 apd thel epposits, PHRYRIER ONes afitee ace
slots 225A.gf,d R jﬁﬁﬁ?gc&{ﬂ%ﬁfeﬁ & aéﬁn@&n@%cﬁidhrﬁ%jodt& 168 ks 2288-

Furthernore, the respectivelevers 225D extend Tromthe correspondi ng pivot
shaft sect AocmdiagbBitamidl besappresiatadi fooms azpsddartieneFIGAMRE 2 bibatide 225, into

the respective cqunt [ l ot s 220F.in 1.h 0MS] 0 and project into
the 30 cor]Feég%%?{ﬁ??{g,egéﬁﬁ?%tcaﬁgycﬁﬁtgedé %l%hse?&%ocigéclfgg %‘%Oé driver 230.

Accor di ngl yountdrelobkwisbdire@ippbycoatadntimatprassitetappliedid thélevéro 225D go220 in
either the cl ockw se or ount er.cl Qckwi se_directi.on w.th h%ggect to the

driver 230°H5Ft fRgAgEmeRt ¢idhe trepegtive diameicallypppatedsets R6IneT G PP W% d) causes

the correspoyslhifontet locRbotnhe26p WitLMHE Ak&ile 5b,0b 9irivd &e RBde 5D én g0r r espondi ng
bearing slot wall 230G pro! ecting into the -81 WD 03/028541 PCT/ US02/ 31487

cor r espond¢lagkwise et erpnégrelpc iggctipp sesppnsivg todngremerfatigheldhe hapiingi vot
each of,th v, : . i ' C{’EH? - di ng

di anet {rq ca%oy%lglptg%?gggl?étos@%@flﬁ?ﬁ%&édg&ser %gf}%gﬁf%fgésgégé@and i nner | ock
poi nts 225G on Rhfermmspee té FEGUEREY 20 bhditiRl ofthe drasiingss thedoEsing 220 andict t he

dle 50 and fagilitat H ' j [ f_.t.h dl e 50
by cor r es UMt RGO FC Y EHEReLes IR e fener OTSRTRE 12l AleariBe 250 [
t he opposi theecdiori@@tblates 225, (bafehdikmeedlt 90 bbdustasd in BEIURAS 20)) whivdr
illustrated !n FI GURES 114, 120 ang, 122 of {egﬁ? dyg&&sn}:}he river tabs
230D, ext eHgiraigtalibigeriedan jhe cersipendine apunt boleslols 2 FFofPgiPe F¥°hot t om of
the di4 vepod3hdAiOmg moﬁﬂﬁ‘%hm kA 8Dr@ih 8l Sthé ¥oked BlaiBE2 5o N 4 WRideE| GURE 114)

are oriented 10 such that the corresponding driver tab extensions 230L,
proj ect i ngbdtween thisdonsing 820 andethe drivers?30; alewgnmly Limdted sxivemsned t o recei ve

and anchort dpive ' Y [ driver
230, a1 OpeHERt el EpREE ind 6 bppep BRRREhiN B o icRht RRL DS RAChAE, T 15
of housi ngaobshe228ecext pivit ngde slotwrR2Bdb \exposeithé ierpaitivablade brtensionso t he
under si de e housi ng 220 are .provi ded with r di 15 housing tab
ext ensi onSS%?OITTSFGIW@EE?‘?/?‘??S%QﬁdBél?f‘ctﬂB&?cr‘?\émkﬁs %§A0ﬁ§%§ e%l%hati rection

cabl esp(l 24 gr&disebliREoml donsiiefitidh bEFIGURESARD @S 124 thatite resgsaﬁ&ed for
incrementing the housing 220 with respect to the case 210 and the driver

230 and pi Pordy-estending leyess gl inffached ik & erggpondmep1yal shafhsssons sel ecti ve
di amet ri cabjafz QPROSRE 1999 akdidpBSd 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
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outer |ock points 225F and inner |ock points 225G respectively, (FlGURE
120), into 20 contact with the needle 50 and all ow either countercl ockw se
or cl ockweasnetsati on of the needl e 50, as further herei maffteso2/esTri bed.
Referring to FIGURES 113, 123 and 124 of the drawings an arcuate fixed way
240 is illustrated and is term' nat ed by downwardl y- extendi ng end segnents
240A, with egnent s
240A that 2 &?dels% su s ant :fgﬁd%/&%%%ﬁﬁgoggiga&%ﬁ@gﬁgt %laﬁtel%ggleetsjl e gap
105A il usIeraltSQZ(ZSDn T}Est ﬁaﬂaﬁ cmﬁs'es the qoaresponflingi diathesrisdlynenmosedxebB (e GURE

124) are al so ustra i ments 240B
do not ext gﬂtﬁrk’é‘*@?ﬁ}n{tﬁ I ??%QOII%F%%G gh ezr\&ygée%g‘s, ﬁqﬂl’de? ?%?ed in
FI GURE 124ext9a'§ié(r%d22$%’ft6fwﬁta2t4tﬁé3n@dd& 10 adi fletitatdset sopespdnliimgr espect i ve end

segnents 240A and the m ddl e segnents 240B as further 3 di cat
FI GURE i241r@rmngmtu@ weedloBfthy WSS SS PRI QﬁlPPﬁhﬁ Wén% ?g)ed nay

240, which t%ﬁ&éﬁlaf{ejrw getip@l. entry gui des
240G | ocat e %nh Pﬁy@@]tﬁég gﬁgﬁ&ﬂ&tﬁﬁB and ' he end S %mants 240A of the

fi xeﬁ way 240 Aﬁﬁertbmlﬂ@t@tﬁdﬁné?&m el iﬂghﬂzyoﬁihﬁi ayings thediiver r espect
bosi £ ons. e 200 BRei SO ilaaR3E it AR AEED B M TROR TR e

forked bl adfser239 mutghmaibcMngmgotsmﬂEgm et dasen2 HY (FEGURKCH ehreretaiented wi t h

th h dth h fter d
CO\e/er soézlong betﬁﬁtéﬁg C%Jir??% @%E’é“t’e&%% %f‘ra%?rﬁﬁ By gggﬁ’tﬁr@reec%ﬁv El?eeeres %%p ﬁ%l P ?X\ggy

way 240 togdek s BID, 3k 'itﬁm’é@fcﬂ%ﬂeﬁé gid 2486; thekdtied cibdesri@drower than t he
di aneter of the needl 8 5 5 facilitate rete tion ofﬁ%&ﬁﬁﬁlﬁf% in the
gui de gr oowyecz%b,@rd)new@ngfb@efhl%% G4 Turficgiliystrated i %ad 50A

as the ”ee%%a? atn%x éﬁ?ﬁ&ﬁﬁ)ﬂ&h%?agsmG%ﬂndﬁQ%owﬁwﬁ&ﬁﬂiy Yo 24 i s

typically cons astic be permanent or” di sposable, such
that the negathmenOid ﬂ;leslnéqzrpléd ofﬂneelmusmg:ﬂzo ars peediledowith poraspendied in FI GURE

125 of ,the,draw e.th 1 hi dden, and
the for ethVS&H%E‘T‘g %nfwn%?%@:é‘?’f reﬁ%}g?ﬁ\gngglll %/lg)r g%%% %%q)égé&dﬁé%ecglt h the

]1: i xedbvvay 351%5': mhmGUWH%The:Mmum 24es 1348 dre dfspmg fwa;sxcarm@nm@rgved

or revity urther illustrate e e ated in
the top fadkekqusing 228wk 5epsrbiod ?ﬁ%ge%lqg Eaﬁ‘%ﬁ' gﬁga“%’g’ ({tﬁli
respective réspé&ﬁﬂé f@ﬂéﬁ%d%@st D@5 gl Il ottivagiatietrddally-dpbbded setatfake i N FI GURE
125 t he need is illustrated Inserted 15 in the to face@ ots 225A of

the r es pectoutﬁé ldckmioénts B2 iend inpe lagkdpaiels véeH, ieﬁlée"“é‘@b’f@ oPfdsed
outer g,gtgét@]ﬂ%ﬁ@: e?&lg 5'028 $v9 I Uolhter ifor CRRkwise diBGorPbRde

exten5| er appreciated froma consideration of
FI GURE 125t1ﬁd1@éedtel‘ﬁé) fasfedhem/&yreﬁmﬁelt@qsmlmdly snaps onto the case 210 by a

suitabl e 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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tab and sl ot conbination (not illustrated) and covers both the housing 220
and the 20 driver 230, allow ng pivoting action of each of the forked

bl ades 22&0riappesmsi ve to operation of the respective driveTambt/esis1247, as
illustrated in FIGURE 114 and hereinafter described. Referring again to

FI GURES 1, 64, 65, 66, 77, 78 and 114 of the draw ngs, the respective
drive cabl 4 1 1 I o Lxed 25
at t achnment ?%%Bé%ﬁé f%%rg(rl g%‘ggsﬁ}(%sﬁg ri ngﬁg t a%&%@hgﬁgﬁ%c%ﬁﬁgg wki:t!(i;i]utfsﬂi3 ng tab
ext ensi onsh@inp 22espahe driedry?301 dsrheiifich desctibed. abpmosingrwasl covEBZAOENd 775B

in the socket. 775, .as ill.ustrated in FIGURE,114. Fro he cket 775, the
drive cabl 8¢ %%?m%ﬁ%siﬁnbéﬁf {hSﬁntggﬁuﬁvgklfﬁggﬂkeﬁﬁegﬁw;‘?@)& g%%let rough the
jﬁi nt bal | ax%aﬁe@ﬁéac}) ﬂ@t24(Elﬁﬂﬁdhgmna@w&ahﬁomedﬂa&%er(o$ﬂﬁj%dliﬁép tand throggh
the transm ssjion tube 1200 to e 30 reciprocation_inpu ol | ar 6 an
the di riact fastitaereigpigan afzhoneedieidathe grige grqow?&%@Pa%I@ah? kel Gt of ¢ he
draw ngs. A4 EBALnRAIMhe ThR&ISOAVR hetlAR SHAtH Rk thel kR Gl Moc grBect ed to
the reciprocation itnput collar 1216 and trigger 1267 nechani sm as

her et of or efidedway B4d istiypicalieenysteectedoinlGtivegd Meyd® nsfmeneat e diskasglle, The - 83
WO 03/ 028541 P . I Lo I 48 are typically connected
to the di ré%%hitgér?%%gé‘éd?%ﬁ%ﬂ%pg%%{ar at uug’aégéggﬁreécri bed with respect to

FI GURES 65, 66, IlTuktrated il BIGIREHES obif dwi dugysingt aredhe case 200, withnthe @busihg f or ked

bl ades_ 225 t. forked bl a evj.gce 201 EIL.GURE 1 i.5.llustrated in
neut r algcoﬁ% 6\&3@&% @ilfi< &’ﬁ f‘ﬁk‘éﬁé‘?@;@% I%P%ﬁl?g‘fi‘%d%vﬁr %S%J g?la%?’et%ensat or ked

bl ade 225 wietfixeliReay @) bd Wih e widesetsP0BEPT thdex ddopayl BOGembodd B25A,
defined by_the ogpom tel y-di sposed bl ade extensions 22%%.rg A?COI’dI ngly, the

opposi t el ybsvipoEadherdilustigted ds g vndsering giepdls S9pseated igythedor face 8ol poi nt s
225G are n aTiTeds} Bel=T=Ta” ' ; each forked
bl ade 225 19%51%%,[ ye?%rl%)l'?%t ed %ﬁﬁ% %ﬁe’s%‘zgrﬂleﬁ%sbgﬁg{e%%g%g%? ggt%fas'dri ver 230

r esponsi veAtoordingly, ias furtfer ilhistritedigi FIGURB 123 the rRedleSPiinidluasied mset@URES
126A a 127.0f the drawa.ags. dhe for rotated in the
cl ock §sje H}?‘SE‘{F{ ﬁaﬁe %ﬂ%ﬁgggeoﬁ %eyref%eghgg%%%ﬁggdegl%éggg& ?%@%%?glﬁ arrows 250B
t o cont act céetira@gomdihg yppused baoElotk paintsy226pand éches &ick pointd 225ofthe | ock

poi nts 225F and .t he inner | oi.pts 225G with t softer.peedl e 50. This
15 cont act fQC?g%I?&c?Xéﬁ‘%né ﬁggén {%I‘i"lﬂh?é f‘é‘%betf I?RP@%I"“FH %ﬁo%fcpefaﬁlgnfog rked

bl ade 225 pyGUREOCWh&EhE Bk WA A typREl1Y ek BBt0dBOcdso 21 hiBy distiigilé on of the

cl ockwi se housing/driver/ needle rotation arrow 250A, to facilitate
movenent ofabtand slasgembimzton (net Hivstrafedletnd; coners fpthithe heysiadOsmdiha de

rotati apl 0 : J ' i ont act
bet we e%wt h gﬁgéé\’gzé %b@({\ﬁ}e@g gﬁﬁ}% ?‘I@oope&??‘lbﬂt 6112{% {I%&?{ﬁp?lﬁ%& ﬁzgg S?S%ghgve b
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 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 thé 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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20 220 and the lever 225D pivots the |lever 225D in the clockw se direction
in a canmng action, as indicated by the cl ockwi se blade arrow rotation
250B, si nwe miessext ending end of the | ever 225B engages trlag/usezsi4sy sl ot
wal | 230G in the bearing slot 230A (illustrated in phantomin FI GURE 126A)
of the driver 230. Consequently, the needle 50 is nowin position for

counterclo 1 tyh I ; i t S driver
530 i n + he CPbih o8I 1pA0wle ORGP HRUBH AkAEEE 1 2% ARGkl

rot ati on ams descEbewithrespaeino FEFURES G5066,i pndZ@ dfthe drawingsi n t he cl ockwi se
direction as indicate by t | ockwi se i river{ needl ot ation
arrow 250A to seafPYH Orf’S\Pl?(8€£8&%%8€ma§%5%tﬁ§fog¥%\ébﬁ?f&e Véceglglii s ef fected
by tensi oni(FIGWRE 11 Bpisdilistated @ néw@kil esnfigdfion3h FIGURS st edGURH-1 Z8URE 114,
by operation of suitable direction actuator 1214 ggpar a%gs éuch as that

i 11 ust rat edlysiatep arfpgked blade ey wighdhg neydle Xkextendgd roneh ot

Fur t her nor 8ps5 8 URSERH®Hhd LikeL dpoddash 1 RUSkNGiode 2 AN dA ERRdidEly Ve 230
together in the co_un?erc?ﬁggklvm&g-eg%iore.cti on to g(:)arr t he neeld%g’ 50 in the
sane di r ecoppoesitaly-dispassd peis edoutémloekpoins 220 rnd suknlosk points 225G are not

housi ng/ dr i : 0 i r I .o 03/ 028541
PCT/ US02/ 35‘%‘%%%@%@%‘#‘? %@%*;19?2“%5}.5‘8%”.2%5‘9 of SA‘?’\A@H rﬁﬁ/agggg% Fselgol% Y@% at t ached
to the dri venstetl dbtlexicarisg dots230A304 the firitdre 3@ respensi236. rofhtioa ofitheihonsing

typi cal by i [Hfg[ti ated by operation of the reciprocation input collar 1216 and
trigge meéf%ni sm 1267 also illustrated in Fl GURE 1, and noves the

correspondi ng dRicf&fing ab 1@ BRRURESNA6ANB A 12N GF theQfrawings Mhelfofko8Blddee | ocki ng
slots 210E_in the case 210, to increnent the housing 220, the driver 230

and t he nedd? aresgch FPWH%%@G Aloekwiss draption indicaled Py Hicrlotkvdsaleds i xed way
240, as heget of ot Sy desH fo%ﬁ%agfé&i&%dﬂaﬁ 'oygia&enﬁgpgfop?ﬁgﬁge@%?ﬁﬁmu%éfs may be

provided in connection wth usinhg 220 a r river 230,
i ncl udi ng bwkgloinge 325K and/the jnnedlock pointy 236G vish dleshiodterinéodlssSarichis ack and

pi nion.drive .c orent in -excl.usive. 10 p £yl kblustrated and
Recor by FnfaTPeRaReuold whh e Satie Bt BnRRb Btk bragidos blai> 2t ed @
Fl GURES 128loakwist 28btiont of the hdlliﬁyg Isinuhel irection o€ therd @irods holeing/driver/ s

desired to increnent and ive the.needle 50 in. the ckwi se. direction
around t hen?qdi%@t%w DY 9{% %?a&ﬁgera PROVEEINLOf Eﬁyeﬁ ﬁé@?ﬂxnﬁ‘ee direction
i ncrenent abi @R démsertﬁm%iaﬂoﬂmgoégﬁmm 128X),andiastdl bed above is

15 reversed, as follows. The forked bl ades 225 are initially caused to

rotate i n #seordimglncenieridervigendhelipdgsetitsncqunterase slaf 2245 indghe beusinge
count esgl O i I j i-00-initLal
count oiS) oatorREnBIB4F 208 Biofine RucbM A5 e RbckAlcE BREANA S pOling
count er cl oestiwing es indirstaddydhé sleckwisetllade pmowsitrotatiora? ¥0Bys66 the axkin@GiuRE 128) .

Thi's acti Otnd 8t e ?e\;[ep EZﬂf grllgraggs the gé.rinognsl&fwgl%ofcp {nlgcﬁg bet:)alrl%%%fot %géAt 0
(illustrated in phantom in FIGURE 126A) of the driver 230. Consequently, the needle

50 is now in position 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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20 effect engagenent of diagonally or dianetrically-opposed sets of the
respective outer |ock points 225F and inner |ock points 225G on the

corr espomaong/obdsatle ext ensi ons 225E in the forked bl ades P2TA]So2B14R7 t he
softer needle 50, as illustrated. Accordingly, these needl e-engagi ng outer
| ock. poi nts 225F and i nner |ock points 225G are positioned to effect

cl ockwi se regdtidiveRNtefiodiietheeqeldeive Gatléd B4Rt RA)o the drhver gbiesieengibngr ooves
240D of the fixed way 240 %F,I GURE 123). Lﬁ)qn, correspondi ng rotation of the
housi ng 2260kd thadriver 23@r Thisaction is dydeally ipitiafeddYAPCERUORGATS: t he cl ockwi se

housi N/ nGgdh e @bn0NloBh PN 2AAMiedS ridinitifn 486Pa190 ilhiigac@uUNt er ¢l ockw se

rotation o needle 50 i llustrated in FI 6A and 127, the initial
rotation GTIGURE 1jandghongs ArOcorssprnding driser tabs gadlalvggitheleogihbedihee cl ockwi se
rotatiQn of the forke l.ades, 2 Ay ' 1.0, FIl GURE
125 1 8 gpmsas REFRE PB AP IR T e pt S BreRR b 2RO S bt o Dol
wi t h fi nge30pnasisdmadRadrihdte @untdhdockiviseditéotion aminé ther fixed Wayl Bidased on t he

transm ssion t ube 120Q0, illusirated.in FILGURE 1 and as .further

her ei naf ¢ AFTUREET SEERIod ARAER: DS HRIPECSEEER Y W RRVER b ousi ng 220
and dri verco2a&itiol vAgIee hbudink 23eandl akdiseer d30 Satlh@Rgbevefbacdhds by -85 WO
03/ 028541 PCT/ USQ2/ 31487 tensi onlalr}gi the two drive cabl es 1247, typically

usi ng t he difeciflesibleselia driven andaack angd pipien daive REMPHELISe ) BOBEAUSHIS | nput

col l arpnl2 . as fur: i4 -4 [k i ; FI GURES

7O pa 10 Hhpigtap Y 08Ed et Bl 1d o Rafbhepluodibts bF 1 AOMHR, B Sncos

wher e t he need|Ref@@ingsiowdo FEGURESeIASndd 28A aftike drawomgst endst ockwi se
l;%lé'LZGA and 127,

direction accordi ng t,0o the procedure illustysat in k

the for keaﬂfﬁ}l%?atén&‘%me e‘ﬁbgl&lsge(? |Tfr§m69yaﬁlgs((ﬁfvi%glﬁée%€e\9\ie% respect to a’
material cléliwig difector woaad theuied Wagt240hde pedcedira forldnferadddketiss i nto t he
gap 205 and needle g 105A (F ) in.the path of .the, needl e 50, as
illustrat éﬂ?@@eﬁﬁ@@fﬁ@?‘?‘ﬂédtﬁﬁgil%é‘gﬂ%li’zéa‘qug‘ﬁc %Félraé’ﬁi‘éﬁ’csed in the

cl ockwisse gt hOPIBYs! The!frked BidadsoblURR 1 chd@ito FotRteGttey DY

mani pul ating the direction actuator 1214 in the transm ssion tube 1200

( FI GURE 1)counterqlenkmisg disection/Gr thertirertipn atithp cagerclogkwisg blade retaien gur at i on
illustrat [ isim" i : 5
engages t%grO%@p C i\?lei% %’logrrglﬁrl caﬂ;&yi-ng%%Q%E%%%}OB%?E@%%%%%?S%F and
i nner | ockllysitatgdsby2ihb Gountertlockwize heesihg dSOerasedie sgatidyedraw 250C espect to

FI GURE 12 facil l.t.at tati 15 of th I 0 he dri
230, al ondt I AT b SedrEes iy e gekme o NS RS R R23 14 on a1 ong
the | engt Refrekt édg@%émm bogilsE Ry o danzetitallyasppobdd sead o&he despyctive@uter

count ercl gckwi se/ housi ng/ driver/ needl e rotation arrow ggqoc in .FI GURE 130.
The housi ReclopainistdSHand gnenlogk priats 472§ ok P@’é"ES,PO’cl@‘Bg de$XIEPSiany i ng

ggts Lg?begm’sﬂ ih R il B8lded 255, VRRAME 86 AT A%Ald ) aSPhubdted 2A8cck@RBIyNAt i on

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 cbrresponding 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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20 above, (FIGURES 1 and 54-58), back to the position illustrated in Fl GURE
129, leaving the needle 50 in place, as illustrated. Further rotation of

t he needlwo030/02854t he fixed way 240 is illustrated i n Fl GERE/US843148here t he
needl e 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 taﬁ@cﬁnhgltHe"tﬁfofderQdaM@éllzzﬁgtgpﬁgmr 'uélﬁg%e?tﬁ%%&%hm% 1267, to

i ncrenent at.i on of the housing 220 and the driver in concert, typically
by operat i dﬂcrémeiﬂ}fée FW@@@POQ%’N collar 4216,ras Aarihes diushated e FIGORE lef f ect s

continued rotatg @E@ egh N3y 2AC ustrated
in FI GURES 132 and 1 nbwa[orltﬁé Sa{i(rggrar%g ggf 112'6?% gzvm ng ltzébrlo%g t{df“%]e openi ng
in the mat eka\aingiuﬂdarrceammﬂamsW&lh@theneﬂdkﬁmstcabe inctensdntealtindhe Accor di ngly,
t he needl e e capabilit encir 0 | engt h
of thr egd ggg\mtﬁoctkw&el@%g\ﬁ%”e ¥f é‘?ge ?/pléoﬁ?‘ﬁF%Hg‘Sﬁ %@WélggAknots in
any type ofanddper ﬂlalforlk&ﬂblad%déi}mmtiﬁdnﬁélm/ﬁ)sﬂtdohbd vith Resplecttl amhAHMHES 128
se.rotation of the needle 50 in the fixed

and 128A of the draw ngs . cl ockw
way 240 is 1.0h it® ps pityr ?@Eﬁ@&ﬁmﬁe@#ﬂ&@pﬁweﬂwﬁe theraer 200 gakwpesie gap

i ncr ement i NQ5Af(FIGERIOUS) Hthe 3haTthd Lhie 50 %km&&aﬁ@x@@&%%&ﬁ%é
PCT/ US02/ 31487 ~ novenent of the housing 220 and the driver 230 to

facilitat e boreRs BRI thgn tnﬁ@ﬁm@dl in thegdogkwiscdirastion reilluetratpd @(EIGHRE as
illustrgte | ockwi se
and co&gt eggFlgcﬁ%%}gg |b cre atﬁq%‘?héi{i%(gﬂﬁgmgﬁdﬁggﬁ%gn gu %\)Sgedﬁu

rot at es i ntlad00 KIGIRE 1), dxm1n1ﬂ1d11yqﬂmaitth@farhed%lﬁﬂ§l22$&BthetcbnﬁgdaﬂimndI [ ng 5
devi ces su s, t.he nerenent i ng accesso 101, illustrated in
FIGURE 40ATYSTRfed 1 F Z&pﬁ‘gdlzgaﬁ[rhbsep"r%?ﬂg&f’fgﬁ Fnladss 226 enghgen g o

i ncrement  téspedthireaiisn &8 lallyasppossEsérdnek g@ﬁ@rzszdnmﬁ@r 10RR B6fats 123G GURE
40A. Referrlﬁig now o FI GJRES 134 and 135 of the draw n%s an alternative

conf i gur at MO BF neede P psdagcmted quith respect fq FIGYRE 4264 ang:facilgtes mtation
provi deg Ieftﬂéqmu;ig %QU%&thfe%Kzadzéﬂ ans %@ﬂ\thgﬂged% g ieor ked bl ade 226

i ncludes an inner 6D and an out ade 226E/ ext endi ng upwardly
froma | evéengslpcweserdawm adengethe ldpigtidef the tko b)@lﬂmgslomeW%aSt he outer

bl ade 226E lh nner 226D, as
illustrat e ﬁg%gr% g tng%@%ﬂag&ﬁ%&%ﬁgfiﬁé@ﬁdl onr'?rlioﬂle 8c kw se
direction &ESGURH 38 éthetiyutihg 220 m&mm 2B0 afbetheroﬁeaéméﬂ) tﬁﬁcabwb%@ﬁngn 15

FI GURE 135 as heretofore descri facilit cont ct bet ween
respective® atbqna T?‘F?F 57263 JF%? Of L’ iﬂﬁcﬁo inagiog desgripe nner bl ade
| ock poo nt sb&%@&IGMREsla@dﬂ@sgj eoaéﬁto 1he pRsibibe iIffstredd BTPRGTRENDyOf t he

i nvention the reI ative hardness .of the res Eectlve i nner bl ades 226D and

the outer Haxmedhonepdley(in placrsdtlustrteds durthar wiation ofthenedleSQdnien of t he
needl e 50 HgeSHEP 2N NGQRLRGH REUMGETS 1L REeFERPRESNI B0 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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20 outer blade |ock points 226A and inner blade | ock points 226B with the
softer needle 50 causes inpressions 226C and burrs 226F to be shaped,
formed orwous/oess4t he surface of the needl e 50. These burpsTARGE3f48TI | itate
a better grip of the respective inner blades 226D and outer bl ades 226E on
the needle 50, as further illustrated in FIGURE 135. As in the case of the

forked bl adeeaRnesbadhoRii 110 48R verzh o FRBRRE indOn@Fing 1@ esicL27- 133
of the drawi ngs, increnmentation of the needl e 50 |sr(%%/p| cally effected by

operation &f it e deskygea dirpstiomms dhastraed imREGYRE 128Arod dpsodraminigs.

reci procatti L : | WSS | trated
o F GoRe TAApEARE, biAlogc Gk dl ol AR, ARel it el 52

al t er nat i ves Bleaned22D rotates iinth tist poaitia illnstfat@UREFEGUBE- 1338 thaerd-handfingt ed wit h
a lever .225D,.10 ich is attached.a 30 piv shaf Gt 5 upon

whi on 1 & ndavebteh ot e refl iR R0 Re s ey o Lok Mo G ERGRE B0, B ncte
posts 227Aoli#r dtawiigk ci beotdberted 66 kheakd2 K ahdafseditidintieenothd @iread S50 ch is

fitted with inner. | ock points 225G As in_t case of the enbodinents
i |l ustrateds gﬁtﬁv’ oredges G@@’Ft?llrﬁﬁﬂ?"tﬁBiFﬁ@yR@ZggAand i nner | ock points 225G

are desi gned t o RRRYREE nbWSo PR‘?QkESQ@MaHd%@BF%h‘éid?ﬁJzih%/szﬁpﬂfé%%ivé‘ﬂ ationship
and effect -87 WD 03/028541 PCT/ US02/ 31487 increnmentation of the needle 50

around t he confimaatipnofthofoskeddrlades 335 dfustied ho HEFRRE 1200s prodided én thei ver 230
in conggrt jr : S8 ihS g : i tofore
dosor | bia. kb RFKEEUALERT. PElBlatb B B8 LIS b Rlbr Bde RIEL D00 %1
wi || be 5angpn ecteablade 226R, extendide spyarddy frome ewerikR@0DkHnd desing dbtef as wel | as
the sinple rke bl a 226 an e terngtive rked bl ad 27)

fnci & 1 ot obIEk ok pot AGA BF Tasbterdig OB R ineh gl K gt ERE Fh, vt
m ni mal 1 egigvane AR 1268 boilludiratt@r AecARdingRepivoeedbBhe lvengp Ir®inthe of the
housi ng 220, and_ drjver 23Q. For_exanple, as Il]Justrated in_FIGURE 126A the

di amet ri caFlogkwissddiesipnastiedicated Ry B@iqlﬂ@(wd&ﬁataﬂ%ém‘w@é@i@ poi nts 225G
preseni st O p{BORIH IRLDeRotbR LG A SraelitdiOc Al SR BLn Bk oRBsctivine sl ope

that faces the direction of needle incrementation I's steep in each case, to
resi st rediaganallyrepnosed enter tdadedeck painis@dGAeang (nusnitade 1aok poknds 2268:d way
240. In coqt: Sj : . DO} i way from
need o advaioneAr Ty &8 ORhent1 SREeRler PR LRERIAM AR MRS |
surface of of the respedtiv ibfier blddies 22613 agd tHeeatar bindeS2 I with rasped tethiedi ng of the

outer | ock ints.225 and .226A dnner_| ock ints 25G (and 226B),
respect i veFfﬁ?ef@ing‘FﬁE“é{?PrOﬁée %%dﬁﬁg il that n%gﬁ??m?e ?/\F‘??Béq’ﬁ’s needl e
50 reapgvar ghitr Blage 1dcRPohRBI A akPidnd Wladl 1bMEPoiBB Q268 WAfShe dbfi@Globaln. |t

wi |l be appreciated by those skilled in the art that the forked bl ade

devi ce of -9 kpues ippiEEsiN 22aEiapd burred2¢F i bashapeds frrevef ok e thegaieet us for
I-ncr ement' | BBtHeHRed1888! §hese 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. Asin 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 227A 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

1
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20 50 in either the counterclockw se or clockw se direction responsive to
the operation of an operator such as the transm ssion tube 1200 illustrated
i n Fl GURBWD oafeBsas descri bed above. Furthernore, vari ousPCarisez3taBade
designs are possible as described above, for engaging variously designed
outer lock points and inner lock points to effect either counterclockw se

or cl ockw s dRGhaMRYratd QARSI S0t RSuRE iRed Way DE) by Y8Ging 27 tihbuSingt he
device. Referring to FI GQURES 139-156 of the draw ngs a gubul ar forked bl ade

devi ce i s23@ned theldyiver 2305n cancset ipyhe esuateseledkwismerrdecksoee dirrgtiph@Sudes a

general ly d fixed support frame 310 having-a | ower fixed
support frgﬁe%%{f%uegér%ggrtlon 3l OO, fitted with a fixed support frane

rotational sl ot ReBfing ddaG@IREFIGARES A2 dAt madl 1260 opthetdr84BEs,iiswilvear d
standing fromthe. |l ower fixed r bul ar rtlo 19D and
term nat es Pl?fe‘é{ﬁtegrt@g& é{efléﬁ gg@%ﬁ‘r‘? é’ia\?aﬁsng%iéf ﬁc,alS ﬂerfé?g( pwar d-
standi ng f bges mf’tb§a1§e1c@a‘hve:¥d&3d@Meﬁi@%fa@lﬁ&@@ﬁnﬁ%@ﬂb}m@bf@lﬁ ches 31 I A
and 311B, as _further illustrated in FI.GURE 140. A materi al gaptigS is

provi ded a8paides m thedriving direefiomnyels RN rohrefieerd eptiGaior pEErCY B hecei ve and
suture mat gééd'?é d&%%reﬁ@n M@%@%ﬁ?éﬁo W&%@gé@lﬁ&%{ le H§ﬂ1ﬂ1§‘t}£9d i

FIl GURES 148 and 1 , responsi 0 operation of the t biul ar forked bl ade
devi ce 300FIGEREck26/Athé ﬂ@metmnaﬂh@mpd%sgoutbebck PoiatsgR29Fadddene8d®B and 305C

R T T i
as Ij :th her thak fa¢sd matdﬁgctidn da Iﬁéwﬁﬁréﬁ&éaﬁﬁmes sneq:ﬂne:aBIﬁ)casypuoaamty has sharp
needl e points 3 and 341B udes .a t 0 typi cal |
ot endi by, MK EOA e BT Bl S St PERReT W sl e i Cortrelyths Ype o' Y
appr eci at e@dpfysitk I@?ﬁ@s Stidat Rk ipBink i éwaiy*'ﬁémh@&ﬂé\@&ﬁh@eméﬁ’ afeAdisgiRedhar p on

one end onIy and e thread attached to the opp05|te end_ by technlques

known to t RAosshallrw angle with reppechjior the gerdace of thetesdla 30e I higrlesignifeating desi r ed
to 10 pse g hihul Qﬁdufl ﬁg oﬁﬁglogﬁx)'oﬁﬁ' %ﬂ& 2?6%) ldNGndro ieedl e
only. urther 111lvus

rotational direction trat in FIGURE 139-141 of the
dr awi ngs a5 éamd 2260Brrespectivel s lo@eREe tufaceaf theswediei SOwdtheut imoxihgghe de way

312 i s shape each t.he rd- ed Seg S _310A, 310B and
3170c 1 o Pests S RSl vl NS e PR el G SRR B SO T
312B an d 312C [t&mﬂltﬁzcappfeeiatdﬂaﬁr thﬁse%ﬂteddﬂﬂmecvfﬂ thhiethé forkeld bl&&gdaﬁktéofBIOA
310B and 3 respec, |ver

QC, for t ai n|n t he needl e 50
the under cthis BiverRimniac @€F§af~‘iu%8 a@gﬂ 1’\’1%?13 US 397 dGIErRe Eed?‘brt her
mai nt aygedsh & fask HeQBuhlrd AR wier UV kWikRUBrebtiorAdsihs e tyVeé é?a’u@ﬂ ofreans of
a spring pressure pad assenbly 314, nore particularly illustrated in
Fl GURES 142n operator Jysh as the transmission tube 1200 illustrated in FIGURE 1 and as
described above. Furthermore, various forked blade designs are possible as described
above, for engaging variously designed outer lock points and inner lock pointé 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 310C in order to receive and suture material 100
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20 spring pressure pad assenbly 314 is further characterized by an arcuate
spring base 314G having a spring base raised rim314H for seating in a
correspormaorg/osssal | ow recess 313E, provided in the arcuatP€Tiusp2/3881 i on
313D of the fixed support frame 310. Munting springs 314D, 314E and 314F
(FIGURE 142) extend upwardly in spaced- apart relationship wth respect to
each ot her (iliwtmtetién BIFURES 48 and 149, anpoaferty op&raSed bNbie Mbulir@skkbd i ction
and retaini ds A .314B an 14C, respectively. Accordingly, it wll
be appr eci ab?gqu‘feyﬁﬁé’@éﬁﬂeﬂi%ﬂg{ ?‘Bﬁ‘%g“ﬁp@ﬁmﬁ@el@g cslgep Mﬁ%ﬂdm%ﬁg dr awi ngs
that the spiefifg tHaniteddl gap BOSRSE tHIUhHESa134F 305 BdFbsPOh RSNt ment s
318A, 318B and 3180, pr(‘%g?ded on the sp% i%ngfém)unt esggﬂflri c%&%ﬁ%ﬁ)ﬁﬁget ai ni ng

pads 314A Widtyed theaeediesgap 308 Amfam ayalaie negdle 5 aypfosher ilpgimsedia t he

di scont knu i J . I (D.th rres i ng fixed
segrrentg 3%§U%Ei8% gﬁ‘ﬁf@% én}%@ ]?E[?%K%\rgglgfcge géml szﬁés?rﬁﬁ%ﬂgtad‘%i ncr enent
in the di sdodludesudesgth pkihdeagufi0de tymyall3 e tending fidne thearenes fleadifag way
segnents 3 8B, and 3180..qf the sprjn re re pad ssenbly 314, the
needl e 50 %Iz&rtrraa?%dt Ef"ﬁ”ee& %A ‘ﬁlgg%etalpé’ﬁecfag‘f‘d @g@gﬁe%ﬁgﬁéi 1p Shert %ﬁtfz‘ﬁéﬁ?fﬂe t he
upper portiSOrcaﬂbetslliEEpf)hx{)ﬁéieﬁdeimy)rahdiHe&HRa@&@ach@&tJ‘tﬁE%E%@kﬁt%%hd9 scribed.. -89
WO 03/ 028541 . PCT/ U802/314§7 E&T erring again to Fl GURES 139-140 of the

drawi ngs a ‘?ﬂhﬁ%ﬂu_ﬁs gy tod o5 edip thf‘saerI eiEgmanReswhern il iadesited ped | ower
m ddl e 16 ub@s®EdbulR FFRUCVERUERS: 860 Rﬁ’@ﬂtun%l% EeIP(EI\EI ee@l?q? égﬁeﬁ dl & donbe

rotational s|lot 332C, projecting through ower niddl e tube
portion 320alyin substantial ali gnnment with the fixed support frame 5

rotational slot 332 ' 0 xkends u rdly, fromthe top
edge of the IO\f\%r m%ﬁﬁl‘g&gu dgn%graﬁﬁﬁgég@ég% c%@e Umes aﬁggﬁﬁ\%}&ﬂ%‘ber

m ddl e t ub&IQURE A9, a 8ROABInubud fieell giiddway PHl 15 shipedfinesdr GBS tpwdrade

housi ngs 320A.and 320B, desjgne I i ve correspondi ng pivoting bl ades
350A and 3§Y§%§m¥gﬁ§‘6‘i8?%“%ﬁé’?%/i.l%¥hg14{”3\/%811ggﬁ&lfeceﬂ‘(}%%ﬁﬁd}epﬁlséoﬁzé@ﬁéﬁdt he

m ddl e15 ubsegisa ohériand2D 2AS 30 a8ASU2C & A1k prbPide@REERh LhE Bk Iné fixagi de the

| ower fixed sugport frame tubul ar portion S%OD and is allowed to rotate to

a limted SSEHES 110y &108 28d 3190¢.ustnestiedly.i far mpiotEng g neadletgrin place
|11 ustr at egh B ubhérlitancontnRd ikéf oRilic WS 390 MDA S IiBiRRl" 330 1

provided with a |ower drive spur t portion
concent ri cElainfainedigi pgsitiohdn frewdiscontivetiue fixed guide mtaiy 312 320zank of heprivigdd| e

t ube asse 9).. rive spur..h 3 i royl ded in
t he wal | gp }eﬁ@g? 'E(l)é/vefl@:srL eg#ﬁ?\?éisr%gﬁe)gaﬁ?ﬁaﬂy lﬁﬂgc#‘?dolﬁ%lég}ﬁggﬁl%fﬂgéa&b? pin
332A €XQ enstwrintgpressgie patl assnible3 spisrfuhidrehd3dBriaahyl di Scudtd§rmkibaged ni ddl e
t ube rot at'}cJ) |, sl.ot 332C.and thg fi x?%%%upport frame rotational slot
332D, for %) %o@%vén%§wgvha§? ragsedian & KA fRteeatingdn @ goagspordingshaliow ubul ar
post 33QFre;é%§s€3'19E, pBViEd iy th bRMatet8p bQBR 3841 b theied i Pfal@B6.0n 332
and term nates

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—mountg:d 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 spriﬂg-mounted friction and retaining pads
3 14A, 314B and 314C, respectively, are 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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20 in an extension nmount 330AB, shaped to define a first |everage extension
330A and a second | everage extension 330B, spaced apart wth respect to
each ot hewo oRetssari ng again to FI GURES 139-141 of the drawmcmgsovsder
circunmstances where the tubular forked bl ade device 300 is assenbl ed as
illustrated in FIGURES 139 and 141 a spring pressure pad assenbly 314 is
nmounted on the aReforaing apaip ts FIGURES2AS MBS thd drhwinpe aeRiddRIFRMEs&EblYi xed

segnent 31 .310B. and .310C, respectively, . facing the respective
spri ng- mou dSPWVBfeHW%a%H‘bP%‘fé&W Vﬁ%d@fme%@mﬁﬁ%%%mhe
fixed suppdnteribr @ites Bidild fob&bEidmP ot TS p?cfjé&ﬁh%‘%lﬁ%ﬁélfl fRGkAN §ahes

capturing the needle 50 in the opposing di'scontinuous fixed guide way 312
inthe fi ﬂ@W%@&%‘P@G Batian 3290 En awhstptialedigament with the feedpoppartfamay

Froction angfhiondl swtIB00 mtdile nBORRTHALA RIS AIRARGL M AR SHES L bad

B | e s, a0 e  ube
e X

borti on 300 R0APEPRERR RGN RPABRe Pk Pt A R iRsAed on 1 he

needl e 50 irscedte @hichponditgrsvaig blhded 3665 REE BSO®, rbfiRctivedP YR R¥eP28541

PCT/ US02/ 314. i scontinuous _ fixed guide way 312 and the discontinuous
novabl e gui“ﬂgg\ﬁé&wl?lb”chﬁ‘lm%}fl@eéﬂ?ﬂ 3secahlp A20 s designedtafif ri cti onal

resi st apce chRedhBiAl Hidle HOWRIE Hxe@E ﬁg@ﬂ ' tion of the
t ubul ar forcked bl ad% devi ce_ 300, "as I?#ggg(ifﬁa teiﬁﬁiﬁ?@ﬁé??ggggﬁsged.

However, t BHOWpd faTgtat losslimieextentdhernivl gs iustratedinl FIGRIRE 13.accept ance of

needl es 50 havi I ' I further illustrated in FI GURES
139, 140, 141 and @ﬁﬁ?ﬂ%@é‘f@dﬁh?@?ﬁ%@ mﬁﬁgbﬁfg’c?e‘%a‘ﬁ%’@ﬁ\agﬂﬁe%’éB are
pi votal |l y A80m mdvided withradewendiiivegspot aihelah porsion 332 (132 6iA cnderddédByand ar e
each characterized by sl.ots .350C.an 0 respectively, designed to
transversely eetﬁgfc{)”eglnﬁg&ﬁ F@r%@?g%ﬂﬁ???ﬁhﬁﬁﬂ 9?@&%%@5?@@%% 10
downwat §ll y 189y tHiee iy 86k 3358Gs BRFiEA4Rthd WAPSChE Yobet drivh spiltfubular

correspondi g}g %I %de 50A and_350B. In a preferred enbodi nent the short
ends 352C BRe853pang adqcalqr pus33Zh exiyngsithiongh therdsivesner kale83Manhiat of t he

| evers 35, GatindbARidle LBSPARLEMT LI IRT o BEHLES RullBA SR RLARNAT N0

under cut | edges 354A and ; respectively, provi e novabl e
segnent ov8leh3HE.Jamrpeses $hixt wilbbe lesgnater dedoyibedf At wmner adpepbste bl ade

housi ngs 3 i.ddl e tube senbly, .32 Th ivot bearing
hol es gZZngﬁjég%%?ﬁlggﬁ}' gﬁﬁls@reg?“é?f)&nrvgg%lgﬁ?@%ﬁ Rf,%tlo ? ¥ ?ﬂ’dgt\?ﬁ%?fgﬁe? n the
r espec?0 veirf droextensRAzAowan 33@RBPstabed tradefiae b dapondidye dricadion 3BoNShags 320A

and 320B bet ween the upward- di ng ,shel ves 320D and_ 320E, respectively.
In a pref e?ercgﬂggeﬁﬁrgg? ﬁ‘?SI‘i’nngogj\?B"[‘C%ﬂéHWW Fewest tagagh ofher- 322D are

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 the
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 housings 320A and
320B on the upper middle tube portion 320AB (FIGURE 140). In a preferred

embodiment of the invention the needle 50 is slightly oversized with respect to the
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20 each provided with ranps 322E and 322F (not illustrated) respectively,
to facilitate accommobdation of the respective pivot pins 352A and 352B,
for inserwDrg/oedser respective bl ades 350A and 350B i nto treTamsoz/2epDNdi Ng
pi vot bearing holes 322C and 322D, respectively, while assenbling the

bl ades in the correspondi ng bl ade housings 320A and 320B. Accordingly,

when the r edig@atinons fixad gsidd %4 310 dnd BRRlidn@me U8 SERABlegRlidd Wiy 821 to
correspond assenbly 320

i .bl ade_.housi r}géf,zotrﬂ;}ﬂ_‘,gnd 320B of the mdd] e tube
they are cotrﬂ]gmact;ﬁ welicaupnntasiishiitichenal sesistanse irmatgioprlmevemens oBtheA and
352B, respebiMsVur bdrhis } {61244 8e s o the bl ade
350A), such that ?ﬂgégg‘%r%%%%i@ﬁlgwgr for 350%&%%{5%&%@6 T

al | ows r ot dtutheisiescribod.c Hemeves therspring putbwirded assahiely Sdd fedietedi ng
di scont 5nu%§ep%%?E£§eeg}gs% h‘ﬁ@%g?lqztaﬁgﬁe%aga}netérhe bl ade 350B i s positioned

per pendi cul ar “to curvature e needle 50 in a radius of the upper
nm ddl e tube por tAscfrtBaGABstoited indFIGURE 139 140,493 @b 1¥5-326 of tHdakr@viags when

t he bl ade OA i.s .pi.yot in either.directi,qn as indi.ca y the arrow in
I GURE. 146.7% 8@0"5@%‘ aé‘ﬁq’?hg ¢ B’HB{"‘@BG}Q‘%FCS&@ CPIRESPER gi?@ge%e%ragj_e the
needl e 50 3204 ahdGROB bAY erd sa6k EhRAta 18 By Qfotd SOMARMN IR QedpBotivelf | Vi NG
direction and s%{stgpage of _-91 WD 03/028541 PCT/US02/ 31487 the néedl e 50

past the blogegnestioAransyersely isppine theaegdle 80+ Piiot pins 3p2Aand 3628 extend t her
o he . _ . .
d?ZEL'n??nughgfn%nié%%?%ﬁ?ﬁ%ﬁ%%%@é%?% eV IR SUHERA@BaE . 300

e way 32
respect i velbjadesdSQepd 330B. | In & prefefrad emjodinsntidhewhbtt ends 332€ and358bt i ve bl ade

housi ngs 3 . .5 tive and t.he di nt i s fixed guide

way 312 i n%{?‘ﬁelﬁl%?rfeég) Elgéer?é%g ?@%Sfﬁﬁeé X%df O%ealﬁﬁerﬁ?&?n‘g?gﬁ%r ovided with

coni cal entrespactively fuatdsseRiclurtder gudrhkgitpanderdt Rig&B54A ddds54Bt at i on ar ound
i nd 320B i.n the upper mddle tube

t he respective bl ade hopsi.ngs 320A a

portion 52 SR H@VH%ﬁﬁ% JRATRY FoeRen Segreard2Ridal2B) 0B and  310C
of [Lhe1s! cuabectivaly, setbirafedthdBladshobSinks s 100eind 3A0SEH L BHladIB nfpk CURES 141,
148 and 149 of .the drawi ngs pivoting of the respective bl ades 350A and

350B on t h@SseEdhetdt videmivaitbepiinghalepR26mnd$22D (nphillubeatedrespegtoieti, ng bl ade

Hous| 32 . Pl L ) d wal |

3348 | Saap. g dsEhil Srpatnt AR 9 B MRG0T | ane

330D, whi chousings3304randt32DR betwecendhe espodditandingishelved 3208 agk3 20K, ensi on 330A
d 15 I i 30B in the extensio un OAB of the

ari ve spur SH R, A RERIRRIr aRtbaRey hope bR PR T2 aw F oy enen:

of the20 espatiprvvdded @itk Fen@BBMOFad P57 hatfillishatdd) adpsctiFeomdiBa0B,

respectively, to faciljtate selective gripping of the needle 50 by the
si des or eaé@@mﬂfata@w etr??@e‘&tb"rerfé‘é‘ﬁm%ééA %‘ﬁ%thBB%@S&ﬁngéﬂ%@D of the

cor r espondidigeddiva BR8es3 I AB S Bto 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 needle 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 Referring now to FIGURE 147 of the drawings in an alternative bl ade
design, the bl ades 350A and 350B (not illustrated) are each characterized
by | ever swesd@2ssmtd 354D (not illustrated) respectively, trhatusozsmsnate at
one end in the cavities 330C and 330D in the respective first |everage
ext ensi on 330A and second | everage extension 330B, respectively, of the

drive spur i 0V ﬁgggg@ 148icansk Hepeindor furfie opposite
ends of thgégﬁggﬁggcg%gxﬁéalﬂg&SSOB f(jfllrt(el.ggquar eg%g% “and, ?;115 il lustrated, the
end of thedéscribksl. 35 @nother prefeeed smbodineenhettha invepbomiediscentiuobs over hang
312D of the il.lust.r.a OUS pi vot
oins as2n SRHEBHIENEY 2 REROH T SR Bugn Ui SR BB RRR, aSlnch 2

cor r espondin@e f4Ringdhsibie aallng thealegped@2hladd lishiBingd 370A and 332D ( not

illustrated) and one o re 30 discs, 351A (F 147) ,and 3 not
i || ust rat eEBSP%ﬁ1¥elﬁ=raé’éi§£‘? HI%P‘&HIDGP‘I Xt Wé %%@%ﬁé%%egg}?a ]3310 he
respecti vespip/sid PiotsS arPpbvidbél with2BnichintrahdeSiideat3ad). th Buidd ¢he edldt er si nks
351K and 351L (not illustrated), to facilitate nmounting of the respective

bl ades 35040 iviés @EGEN gFPunH dhetsEpesipe hlaie bousines S 2AA e 3¢8B 1D 81k WREF 3208,
ith -92. Y0 03/ : : it
W thout midd er%rg g@%ﬁé%@] %gﬁﬁz ééc]‘x%éégncaﬁ?aﬁ%&%ﬁiehﬁé ﬁg%ggﬂ)ﬁ ghdg

corresponding ra Int de hodusi ng A and 320B,
i |1 ustrat edl0GofRhCaREatE46p seksion B3Rt rated i n FI GURES 150, 151 and 152 of

the drawings in,a.preferred .e i t, ,of i h j ts of
the i nﬁ(g‘nti on tﬁ@%ﬁiﬁuégﬁtgg&?ngﬁggﬁlﬁg 142’ %4}8{]3{1 éc}%%%tf Eriea(ﬁﬁvé’ﬁlg? ﬁwé’ﬂﬁ hr ead
ahm ﬁt or Eﬁ&ééésb&tigefblﬂés Bmﬁeﬁi 3508 ot the rpspevtivd pmotqﬁnmﬂe“eaﬂcbﬁ?ﬁe 3305,
ich is shaped to defin al.l ow cavi 40F at. t ttom en and an
upper shalt E‘él‘\‘i‘?st’?n‘{%%glag? ﬁ?‘i‘?é“%#é&?‘lﬁ%?%p‘éfacg]ﬁtdtepﬁ’éﬁg%ﬂov%oni ) ust rat ed
in  Fl GURER Jdilwaindssha2 3358 e334tr arcs P piovidedtih @b rebgdative &dvaies3400 and a
secondary stop 340E at the anchored or thread head end 340C,_ as further

i | | ust rat ednd 330D), abRbsre ondgeutdn theiepresprmdingfast Iswerogsesrtensionsi38h adop and
secondag y i ; i i i : i nal
curvat o SO SRl PUERIGPYO B e BRLA BoLABIORHI EOTHEPmRSR T e

| oner shal (RIGUREA 148 84l014P).aMblesempeningdvllavofiecmoei¢merd 40 theaspectiee needl e eye

340 B. Accordi ngl y, hr.ead .hea d essent.i al | i ls the shallow

cavity 340 VSrFr}’Sﬁé aﬂ‘iggf‘ Og%qgﬁ%ggégﬂgpgégﬁ% rF?PeeC{%e? d f%%ll{a rom bei ng 15

pul I ed frogeltdioe BABShE 0B thomeedlctsonsithasidestitedpes Bdideringt the borgespetiag i on. |1 n

ahi Gh ext e 35pF o PARDSE RsmcpmegPaERs Hodse JBREPHPSOBO. & predet or mi ned

whi ch exte 0 a predetermne

di stangg is CO“REQE&F@C’%%VP%O PRIURE 137 bF aleloenpdehinaenRARkvE Blaﬁ@ﬁééi%rﬁ, ate
0

passage of the nee hrough tissue (not “illustrated) and allow the
t hread 50Athedlddes 3504 andgo0m ot ilustratedtiare esth charrctaniged by lavpiiddteandi ssue

damage d ue3glﬁ) ?I%% %ﬁggat%ﬁ) }egl?ecrtibéﬁ?l{ﬂaégéﬁh% QWG LB thS SHRiM3BDCLRE
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. Furthermore, 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 351A (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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needl e 50. In another preferred enbodi nrent of the invention the flattened
hi nge 340H segnent of the thread 50A is snaller than that of the thread
nor mal gaw@e3/obssul a di stance slightly greater than half treTaisozsi4ar | ength
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 tissue, as

desi red. Refmecedsity ofipwvidingtaatdRpehdirBratfp8 382 Etahé 322 Ain theblatithodsirkgi| ar

forked bl devy] 300 is,il connected to a main tubul ar.

ext ensi ongg@é,magg#@ga‘ﬁ“ﬁfﬁtﬁqmélg@&ﬁ ‘tube 360 projecting fromthe | ower
fixed support fAsalEstiadih@IGRRES B0, $30khd D52 biftBe Hiaw@kbsSH RRRITbréd ane 310.
Furthernore, a mddle flexible tube 360A is. 30 concentric to_the outer

flexi bl e embedigrnt ahidis adadhmsmbedimests ¢fdhs vertion Hapmupapecdlps? is on 320C
of Lhes! dgﬂkﬁﬁ@gqgﬁgﬁ%mxa@% Yor W e Odntét tRALGH by??sp rolsiBlofigd in the

| ower e tu ortion 320C, for receiving a cofre ndi ng notch boss
360N on nésslleexkdi4OB; wdnidhok shaped o G808 a shellow Icargtyr 30Fdt tiethottheryendr e, an

inner flexible tub 60B i,s tric to the mddle.fl i bl e.tube 360A

T e CH T pht? S0 Bl 380N I8 {ifoshP nhis o0 B R Ga D0 3P0

g onnect edFIG;URfFS_I_lﬁQra:ndS}SQndhaguéadmém rfitted v@iﬁuai st_b;ial ltaald)larancﬂ)@gédoﬁMS_Z of the
rrve spur ocat o n | S rthe ustr at e ng

t hr ough tﬁf@P_%gQ‘éﬁE@Fi%h%?f; 9&%@53?@@&@ ’Ié@gsa% il I&yﬁ?&ﬁ&f}%r

tubul 89 P51 kRN1$B2rhd 6 betves] ﬁe%ﬂé?%%gtaﬁﬁ's@&ﬁ‘lhal?f' stip BR2Gs bohdaliin oveer

m ddl e tube portion 320C and the 5 correspondi ng fixed support frane

r ot at i onaFonflgyratppipnaich the inteipel curyateg of thegwedle eye 34@B wibw therthised t i on 310D
of the fi . £ i ipulahi of the
Chner 11 et Rig HpRRd i Butd a6 RAUAY B8 K ank Bbber M (P LRY B0 OF, DL 10,
cor r esponthengedle cye 3t BatAwnrdiigly, e Giréadéhespemd 3B essentiatly difls tre of t he

m ddl e tube.assenbl 0.and the drji spur 330, 10 fj] i ncr.ement the

bl ades s58RIBY Gy S4R0L R ntdIE pPE 4. ROt i dhifad S0R ot i g bl ade
housi ngs BANA fan tifRdle S0ewheckthsi@led duging thdWifurind emativhelneedl e 50 around
t he tubul ar forked bl ade device 300 for suturi n% pégaoses_. | ncrement ati on

of the i nieferradsmhgdunentiod thegprentinp diag Retitonof dhe Hivineh Eendsl | owed by

the | 0cat ghuahd sciBRb ARy Iont@ialdftd LPreBEHAEALALNOOIQbnTibilel A1 ve spur
330 with respect to the mddl e tube assenbly 320. This novenent 15
facilitat éefinsiaiationed binge RE0H ¢ fretiitate passhgaieidhe BealeapitheBgB tissiednebnt act
with the ; i [.I I 0, i of the needle
50, as he%ﬂe%‘?%%@earﬁ‘%ﬁ%&tﬁgﬁﬁé@s% {92% %&?%@%tﬁﬁag%géﬁ %‘ji%‘léiq%fszEs 154 and
155 020t hmimdnaxd tigse dadage dueito passsgeanfchsthidadr®A throvghdistissecwith thani pul at e

wwund o HFEISH Grin BoBETpisTd botimenlob e dnGgTbh i hed Wbkl MW " ©

segment of the thread 50A is smaller than that of the thread normal gauge, for a

distance élightly greater than half the circular length of the needle. Beyond this
distance the diameter of the thread S0A 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 V
30  concentric to the outer flexible 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
3608 is concentric to the middle flexible tube 360A and the outer flexible tube 360
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desired |l ocation can be effected by tensioning one of the three cables 396.
The cables 396 extend in radially spaced-apart rel ationship through
correspomaong/oesshl e hol es 396A, 396B and 396C, respecti velcy/uspr/amsded i n
the outer tubular extension 364A, illustrated in FIGJRE 155, to a suitable
operator (not illustrated). The opposite ends 25 of the cables 396 are

at tached t%nHlfkeccfdnéétéd {d ﬁé'c&lré‘sipbﬂcﬁﬁg fRed- ldBRe 3@9%551 o3tdd £ fFfhe fl exibl e
tube sections 360C-360L, as ilfustrated in . Accordingly,

t ensi oni ng d@fveap@é@ctTél@ lopsgorgpfin 833A sdlbrther 1Bwat®icemt¢ndatgébr0belmmeng of the
outer flexi I 364A, as-
wel |  as theggl‘?l%%f&eucgﬁ’e%g‘grhdlggé%%h@@%?]&g%%{vg %’SI ;{ﬁg& 1:‘;{Irn%er 1?5'%2& ar extension

364C i n comuiddle, tulsessrotdtionsl slatt38@ G in ti3loweGdkid]d e pbi;tmncsaDCymﬂﬁlet he position
illustrated in ph In a preferred vention the

1 exi bl & 1 BBCSBETPaEed DR ABBE S ORI P DA BN T ] SRBY  ypi cal |y
operate as fraime3apsl on G@@ﬂD‘é@tthtB&B stipiirt Pané Bl@nABQ)r&lﬁgIBrhﬁltlal ubul ar
forked bl ade device 300 in a desired position for suturl n]ggqy the needl e 50

is -94 wommupignmoiteringsoieahledibe 36APodithadha middle Jgx t he

respective g L. - ce
fl e>F<)| bl e tu chg%{)}?fg%o %%511‘1&&56 I?cgt,kés?l%fv&ﬁust rebéti)ur gg@gﬁs@) %?E‘% 155, 156,
157 and 15&nidflettidee @sanblm;ﬁotahé thet drbyglspur 336k tosfirsbinartencaitiic biadso®5 an

typlcal y be at ed eedle in

Lot odVhe AEa SO Bk e ety ifRpd S Somind Hladdfiushes {204 pBEanom
structure 3&@%1:%@)8&1 ﬂlﬁ:ﬁ)rota@the axddes @ousd the clibule fo&ed brdé dd&&, 3002 outer
t ubul ar t ensi on 364A, ddl e t ubul r eXt‘?XR]% &T mg4§ ﬁgﬁa ubul ar
ext ensi on SEACTIIE LIEpasks-eicrenapiatome! e KPR a0 DOUHUEar

ext ensi on 3848 of sndtiohlaBdwed 59 tle logdtéﬁﬁﬁ BOMA GhARdicl %ﬂl&\d%créﬁgntatﬁ)i deur t her
illustrated in FIGURES 156 anhd 157. 10 Referring 1a%zlen to FI GURE 156 the

di r ect i on- drdrgerpur 33bwitbgesppet te Siemaiddledubeasserably@2fd Taismensment ext ensi on
364B and ex! endss iﬂ}%‘uﬁ%'&‘g@%ﬁ{ %16%&5&@3 %H@?H]é’i’ﬁtguﬁ &t 364 to rest

agai nst a setting spri to t e 1 nner tu extensi on 364C
at setti ngnsglé AGAdO dateﬂumnnthqahrmtlm Gigrﬁtauoiﬂmétl@eteedlngosqwhem;nm? Cis
bi ased aga|£n§,1 t.he %x%endi ng end of the direction-changing | ever 397, such
that 15 rot3t e5ﬂ BF°Ftie direction-changing | ever 397 in the cl ockw se

gb;e?tl on ﬁs il |M§ﬁ:frﬁ1tg&@|ainl’to PEGGSLIE lBﬁﬁinﬂHFS%ftH@&irﬁkbihgﬁhﬁdaﬂ changing | ever
rom-t ep03|t|on| ustrate to an alter e adj.a t p03|t|0n|n
the settinGTEHRftARFesIhere i desifed lopanirulate 6116 éékqdﬂé &ce?g%m ar

ext ensbgn 384%Gokioh A& stk 11f1 L &odulRl 8r {néRfor3 ﬁgﬁmoﬁlﬁg of QWRkedl&50 MRns PUT
tubul ar portion 332 and the first |everage extension 330A and second 20

| ever age eXewirediloentiopom becffentedipy igasieing oB30f thy Hareereabbessh?0. e catdes _
i ncrement s spAe, .0 3H85iaAY YPh ALt Lt oAbiRp tGugh S5 SRIRS cARUR& ¢! ockwi se

rotational ) , .
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  of the 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 tubulaf extension 364A, as well as the middle tubular

extension 364B and the inner ‘fubular~ 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

-94-



configuration for suturing operation of the needle 50, as hereinafter
further described. As further illustrated in FI GURES 156, 157 and 158 a
not or 398Woims/bssited w th a notor shaft 398E, to which i catusazbedr a
gapped gear 398D, havi ng gapped 25 gear teeth 3981 provided around a
portion of the periphery thereof and fitted with a gear gap 398J in the

gapped gearmlip@inid 388ladi@tmbht dhd r%(&jﬁééﬁwca%l&é%, %}5§icti6ﬁ bbtifdeh &e
illustrated in FIGURE 156 the gapped gear teeth 3981 typically engage

cor r espondiragpectiire adgacgriftexide tuve3ogianp BORAG-déBLon the drive gear extension

398A Of a drive fapr 8 Al AGeNel, 195 HspuId, Lber S PGLY L e out er

t ubul ar extension or "driving ve gear e i nner
t ubul ar exttemdardorketdladedetice 300 oakiwpizellybe oparatbe tcdrivekihe aecdll Femtthen,

e e P e o) B e DA
preferred eghadidmot(FaGUREEL I7NVERE b@bhs@th BHERIAS BINinkldes RS DafPhibulapt er f ace
nmount 399 is provided on the main tubul ar extension 364 for nounting the

mot or * 398F e&fasion §§+ ooyl exiensiasiFBrndgmer i laaxagiogSarC398D i n
driving re'igggéa&g?hmu I {ﬁ\%ﬁeﬁ Be L1818 WD Bar IS RnsiB% BBAB iOhtte o0f the

drive gear nce t gear extension 398A projects fromfixed
at t achnment dirctidvechiangisg l¢ve 3PAras diutleen diustrated #ACFIGWRES Ugh anéhé5Ti ddl e t ube

drive sl,ot 98C in.the.m ul.ar...extensk o 6 and th ter tube

arive 3Por Bsdgine pbyh A EGRE b G At et W CotReA LB | o

gapped gearmiddiBBibulitecxtinision 3PeBrand e8tendsradialle inwardty éheirhaih aituldrhe

count ercl ockw se cl ockwi se direction _responsjve to the driving of the
h et

gapped geartX$88PR S9hiaresiagapit 3 SrtiRGPring t8dheIBEYPYAE t ubul ar

forked bl adgicdauh 8648 @Psettiitt PR MRAGmt PSiftsiIg DI AR tBBapHAYPICd & fitted
with a snmooth gear gap 398J i n whi ch no gapped gear teeth 3981 are

provi ded, . (biased agringt theexiandyie edeofdagpfstiorghangggievy 30 esusbitht of

di sen e : ' ' drive
gear ot h 3B of 1E deLIcRAARNEHDSGRNA OBRENRE Hiectins thislabli i T T
the mai n t WMGURE B6mnwische 8Bectiontchangingleyérs3Wrfran thed pastmintillustrated to

operation of tutbe return sprin 98 iII.usé§ﬂgeﬁh{§n Fl GURE 156. As
further i||aB§ﬁ?‘8f‘é‘6"*? AEY 1§nfg SHmeSETER S i AP BN e Snsi on 364
15 can be rofart awt iah@ngbulirSext@Rnt369dCrRRhedNh& fleibds peBbyBasidwedn t he

needle 50 in or near . a wound or jncision (not illustrated) by ving the
mai n t ubul élrlveﬁwﬁgbwmow eﬁwfﬁapﬁswwn%l%?%%am S@@ng? sengage

the dribge 96Rfac8%kRASLRAIGIGA the &We_tslﬁﬁr 3R PRRANSRA end A thel Hcfonftnt ARE
rotation of the main tubul ar extension 364 and re- engagenment of the gears,

as necessamjadepd50narp i ing, thercdgokiserpy cagrdenslockwise@pEnal 40, 148 and 149
? the draw . . . .
OF the dr a‘%ﬁ'@%ﬁ.}r%eoglhiga E\%ggi\kggg%it’&& FHSELatS e LANGER G Hirth G HREGHEY ©

di sconti nuous
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 3987 in the gapped gear teeth 3981, 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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in the fixed segnents 310A, 310B and 310C, the way segnents 318A, 318B and
318C in the spring pressure pad assenbly 314, as well as the correspondi ng
di scont i nwous/028mrabl e gui de way 321 in the bl ade housi ng PE20AABISB20B of
t he tubul ar forked 25 bl ade device 300. This traverse action is effected
typically by operation of the main tubular extension 364, using the drive

gear 398 a?ﬁg %BET%E %Iggﬁgrégl%g 'Pethﬁoq%{iﬁ‘fa wiflkt b Rhe UFYVE b 8xt8880n

illustrate 't w be appreciated that other drive
systens caf98hobitvalriveigearaB. dinckabe duvk gﬂaoexmwwné?ﬁApme@ﬁ%ikpdlr 330

and pivot th P& ive 350A ing 320A
and abos, - S5PaleARRIRG b RB® Fadioh 208 AR Tnd ffodh; AR ABRLROLS, 3T on
of theI Ineecsbsc B0thie ﬁniﬂhE m@ﬁwmtﬁgm@mmtaagme d%ﬁmtl’?h mgwslotra@gsrmmg f
initially to F E 148 0 raw ngs ere advan nt o
the need eOB@rWSJ éxfap%l%?é‘bﬁ mgggea,ﬂ}e&gppgtp AT éggﬁ%sgme %‘?ﬂi f the
bl ades 3504 AMcho3IROR inlHRERIR SolitetciRkHRE LAS RRORWRE dabadm BsakivgtoXBeA - 96
WO 03/ 028541 PCT/ US02/ 31487 and 320B of the m ddl e tube assenbly 320, are

pi vot ed i ndrikimgofthn sappebetani88D. dhisactioniotates bagaede bharoynd thertubiderd| e 50,
ei ther '”d%é’&gdiﬁkhé/dé{fl%é 3t SREBELmor ?'h@'l}]c%ftﬂee%@pe&gs %@%bﬁ?ﬁ%{%ﬁg' on of the
e y

needl e 50, responsive to rotation o asse 50 and the
dri ve spur sB86thtgegesdpeto8] imwbiciero gapp@ifgear:teeﬂﬂ Mkwcg&ovldtémwmro@mo& t he

needle Ot dr| S|n|t 1y inc nteclocvmse
direct it |g|aP ’ﬂ"ﬁf%%ﬁ%g’ Qo P%&S?%B%W?ngf C(S’Hefﬂﬁ’é‘ £8P %n nount
330AB of tlgea.rdédﬂYB%I&th{ th%fiﬁwe’g'baﬁeéﬂ@tsaxm offle diveeBRNdxt@kion/3084[ ihee spur
330 (within the sEan of .t he | e tuhe rotational, slot 332C . with respect

to the | ocAfi¥e sHr 9%912%5116@41@@&1%1 Fanteasen 3ghrefwa o theoriginal @asitien by 334A and
the |ever 35dGidtutieineRhintoAARSoeh, il ddRIGURIPYSLage extension 330A

and the corrtespondi ng angl ed and the | ever 354D in the cavity

330D of the secéﬁdhlrﬂeﬂre]ﬂ@li@ﬁatﬁ@ lefﬁ@ﬁgﬁérﬁ?@o@lés therpaiggplatarxtrasien Sabe
portions32 t lo

consi dg?l ngéﬁ% 1%§a[t%c(i:’£1%£%fts %&%eag t ng) g#%gflé@ﬁgd%%%& E&' r(])gﬁ’é %r p edges
of the sl ot vadmAfot incidien (nbt ﬂﬁe&ﬁE@hy&nMngthetrhmanextm&dhéG%O while the
bl ade 350A.. s its |vot ed fi n but the hla oes not
contact thdd &&P’é‘”@é °5§6W€I‘ﬁ¥gfh‘£ ‘?% %mlﬁg?qgé:xﬁg gsﬁgg“’% K.
Subsequent gigfedtobaBosi ThiCalvedbitibhl BEthe sseAhibyila3 2Qteasion BbLandkel ve spur 330
(in concert in the clockwi se direction indicated by the arrow superi rrposed

on the ni dengagempyt ofdhagsens, y?‘s B%@Fsaé‘fffect s corresponding needle rotation in

the cl ggkw se dj di,5a r D RAE t he
needl eggo 20 tﬁ{%&ﬁ%ﬁe mat tt@ﬁI@%mR{Eﬁqﬁgefﬁgmnggggg(gA tr??ll |gng and

fol | owi ng theslen@edpes smsed mmmeﬁhwem@v@lemﬁnnwmeérme wWayPB12as
ITustrat e(ldn the %?(ecti gn‘?én?d?ldxj,%ﬁbﬁ%d %?&ﬁ‘ 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

-96-



and 320B in the mddle tube assenbly 320 nove with the drive spur 330 in an
initial increnmentation throughout the Iength of the respective notches 31
| A and 31wbB3/opssevi ded in the arcuate top section 313D of pchraishe2/xad7? support
frame 310. When the 25 respective bl ade housi ngs 320A and 320B reach the
end(s) of the respective notches 31 IA and 311 B at the fixed segnents

310B and 3%9@320§%@ﬁ£étﬂ1i€ﬁlé/tub& Q&eﬂbfyeﬂb 28 poted RAE LMt GEIobRRsE ddl e tube
assenbly 320 is reversed, typical the action of the tube return

spring 398@11(6Ftl<&1R@n$%)thes efrax@bdle 5@,teethmemérvs@aim\¢é ireeancet, and effettade
housi ngs 3%@%&%%1 f’cﬁ%xﬁ&ﬂhé NEedi a{spéﬂg}ﬁ?\‘?ﬁﬁzﬁﬁﬁﬁh% ﬁ%gﬂndﬁi[ wth the

drive spur re-increnen e assenbly 320
and the driasentbyB20 &8Dthardeive sparisodo gel:hdr hirsondantoeaffect dieckwassdiomtibi of emai ns

inits ncr nent S|t|on ause. the sl ht ov i ze of the needl e
il et e bt e e R aiD S atils tmers i R HReRuES sl tho. vay
segnment s 3l%tra%118§ B0 Brrow GEpHapdsd@ on tHe dxfisioh @8R BBYAB BB fHenEveDuUNt ed
friction and retainjing pads_ 314A, 314B and 314C, -97 WO 03/028541

PCT/ US02/ 3529 7830r o Ehis detpijena) movamenicfthe @ivespre 33Q feithin thergapeitbe ur e pad
assenbl y 3%&81%%6&0%%%%1& daﬁzﬁﬂ%%tgﬁéséé%?tostﬁé h«ﬁﬁf&?ﬂﬂé% Y ek b@Rta@nd

retaini ng pads 314A, 314B and 314C on nee as I't noves through
t he corres;ﬁmh’thenghejalgd;@walh&m ahd thedevgt B IHC wethe 3avity 330 ofithe fissy segnent s

318A, 8B 18 L hi r re serv t | ace,
oe e 00 1 Rhed Efenabll 30 B G Gr 3508 el sl $G SR 19ebthar P

Snot her 3:) gdm t—hgefamjz B®OD ofﬂtemec?ﬁldﬂ]eeaﬁﬁ)g attensich 3f308 mﬂhﬂhﬁer?ﬁd&egf&gade%op\
evli ce ur 0 e (0] specC ve ades

and 350B a@OftW@W%z#g fﬁ‘él Fristated 1 @ﬁﬁﬁéqaéeé&c 36%&%9%1 gthey siide
in the resm&%hbﬂefﬁﬂe%ﬁd@%@%Fﬁ@QREQQ@ B8 shdiB bR tIROIISH 3508 iBARA and 320B

re-increnment in reverse rotation operati on of the tube return sprlng

398G, Undeblqdpﬁégmawéb@e\m@r@epdleﬁ@wénégﬁhfeblad@i%ménﬂtﬁ@wéeédl e 50 in the
count ey | o %ﬁg f b, 00 as
illust rgt eg&li\ﬁngﬁﬁ it?d&}&@li%a@ét e ?%eggm{%% A andyfé églggoaésgﬂgggggg y%pl vot ed
in the cl odkthiesieedldigre 8054 n Sabseiqnetit cettteeh dfjthe neddle hibw assepaly B3fbaeldhen t he

| evers 354C .and 3 . 15 respecti . _This. pi.veti.ng,of, the bl ades 350A and
se0n 15 of FEET S0 GrRpERR AT EE cbfttie At baBEpY st po

cou Int gr cl ‘|O l@k}WrﬁlﬁJé oded e@tﬂeqdedlauBé E%ahblyaﬁoy aﬁ'éctd)&irv&é%%hdﬁﬂg?nereﬁlﬁﬁgtlﬁﬁgﬂe

angl ed wa e |l.ever in e cavity. of . the ade

housi ng 32@7@3 E"%@?%éﬂ ctign a3 ighieated by esgaﬁsaﬂ%mfln@e&evébenes@&é Uin the
cavi ty»330i:8hot the nbltaste 100¥ainnge 828 SOL&O&zlﬁhﬁQalgi f&lfé@vn%ﬁig%&d@é% and 20

350B in this pivoted position effects securin edges of the
sl ot 350C #frouglhihemeedie oBBOAE pyaterinkbl Woag lélmstm@e@ Ehetyvablade lmusmgsjgw&x he

bl ade 3508&&1& 3568 i fhe GRRERHbe assembly 320 move with the drive spur 330 in an initial

incrementation throughout the length of the respective notches 311 A 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 friction and retaining pads 314A, 314B and 314C,
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with the needle 50 as the needle 50 is configured in FI GURE 149, the bl ade

350A is capable of rotating the needle 50 in the countercl ockw se

di recti onwordioessied by the arrow illustrated on the needlpeTAG02/BMSTt sel f.

Accordingly, the needle 50 is driven 25 through the material 100 with the

thread 50A followng as illustrated, as the mddle tube assenbly 320 and

the drive : i - : i j i rection
ﬁg&&é A %?thgrgxlédf&rblﬂda Pk #)résgurte Fﬁlﬁd aSemBhes e é%@lléél’\%%%sggé

by a suita operating vice such"as that iflustratéed in
153- 158, athréumhehefpring-tesuted fidionland withiningepads p 4k HBrnfl 3o#E gn the

consi deration, of, FI.CURES 139- of e L:NQS, L ar forked
bl ade devi E%er&?o%? Gl I%JH%VSS %‘%%“é%‘??%%%eéﬂo%dgggp%é%%g s fﬂf%ﬁ ggmg 3‘;33%2

conf i gur at ihthe twagisegikits 3$8A) 3 188 andt3ddCi thiFprekdfe sebfes wd hold thengpetilee cabl es
396, to_ facilitate sytur] of a material 0 |n substanti.al |l sut uring
conf i gu? at POH Plagsy At r%ﬁ%,m]é? ?SH%E}&H 3@ﬁéﬂ%§ﬁﬁ%¥r@ @Bﬁ@&eﬁ?ﬁﬁéﬁgg ce 300
can be opegairg iRfeRBASon &f tht REedIe NardRAHIR AN kDl Blad6 devite800Idi Nng t he
extension structure 390, the drive -98 WO 03/028541 PCT/ US02/ 31487 gear

398 and t hEuigesmetr, doato o@psifip abthe sespectivi bRdeERESA eaB338Basdtleot ed above,
ot her appa nj : bl d : L SGhive tation of
the drive E%gét%%eggqga{&gé%gﬂgggfﬁgs g%%,%ﬁ%nlgq%%ﬁgvig%gg? @t he needl e
50 in dri vamtB50ipas thg bialeihonsingeB20Acindi 324Baedncrainentrie oersrsgroteiiongbnf t he

m ddl e, t ube asse 0 and 5 th ive spur 330 to effect the desired

sut ur i Hﬁ) %er?qqnﬁtﬁﬁgﬁ)ﬁr%ﬁnﬁp&ﬁé%g‘%AS and 149. Furthernore, it will also
be appreci at ed Uhdér @tduhrtigbestWieréit & dikirtd® dribedhenéddld S0 infthé ted with the

| ength of thread 50A at_ the center_ thereof, tynpicall illustrated in

FI GURES 156rupbaclgekwie dipelifmgaundithe bl @6@9 divkee Phes iipbad oA maybe
attached t pr@iRBauochd vifact 5SRO A WREEIy fivbrd TR HRgSkwiker e the

needle 50 is to 10 be driven in either the ciockwi se or countercl ockw se

di rect i on, didesgionds inglicgseshbyt the arrpysupsronpasgd on thenlsvera date amh3349.t he t ubul ar
forked, bl ' ' | NSRN | - 50 in th
orked b agengs?iWe € T%Q%%wg@ﬂ%@% ?llag%g)‘%(ggﬁ étnﬂgsgh i gﬁ"eés}eg e I'n the

respecgl ve scont'i nuo gui I Xe nts 310A, 310B
and 310C, idesenvemyatidagifeint dridlpar 3 BNi8BhacminBtdGclofist Hizectiopstowéfegr essur e pad

assenbly and the discaonti nuoys no I e 321, Lt 15.bl ade

housi ng 326%%%56%%, ?@Sﬂeﬁﬁ‘(w}&@%ﬁ’f %@W%@gé%"f%?maﬂﬁﬁ%”ﬁ%m e 50
slightly by3dessinedlidehonsiasBeoRahdbawddl heangled 4kl 3aMaind theleherot her to
reduce the dianeter of the needle 50 and_faci]i tatg?ﬁﬂ%&gl I |31r%g it beneath

t he respecdfdlein thesavits 23R at thebiada hagdng208. kackm s 388AYd in the

corresp@ndi ‘?f‘%dp : ‘ HLE Fhe st et ef segnent
over haggs %?L%Dﬁian é‘llgtggggﬂP?\n?f@bsleade ous?n S % Aoand S3208. When so

i nst al | ed, thefidadecid@eorbthe selt@ingedie 40 andralthoughobablade 35¢H oy itontassi st ance
fromthe oytside wald § fnl A&l SFRUIAUIMF i FRRTRE 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 is driven

25  through the material 100 with the thread 50A 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.

1t 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 suturing of a material 100 in substantially any suturing cpnﬁguration.
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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gui de way 312 and the discontinuous novabl e guide way 321 in the novable
bl ade housing 320A and 320B. This resistance is a contributing factor in
prevent i owoaB/oedse1 needl e fromrearward rotati on after-beipag/isowsaaent ed in
the forward direction 25 responsive to re-increnmentation of the mddle tube
assenbly 320 and the drive spur 330 in concert by operation of the tube

return sprig glgt @%%ﬁd(tﬁ %@g 26 398D ‘i‘lﬁfsﬁfateﬁf}ﬂ FIGDRYS: 1531158l as %B&H%Bve

enbodi nment the cyc aturing and knot-tying device of ' nvention
i s illustr athed appar#hcurESchrggues @80 bdeffiligedito gifeetiindremnenfatian qflﬂ&ﬂm@ 159 30

and 101 1630 a5 SLBU O BOR! B0k AEYo VARSI HERLIS 89000 1 © 2

reversi bl e traversin Ceéi ves a curved neédl e
fitted wit I&omﬁglﬁmmhamh‘facﬂﬁuteﬁﬁhuﬁﬁkoai davieg eﬁdleamidd}ehahsqmmmlyszﬂlaﬂd

opposi t The ar te eedle 50.is deS| ed .S i

corres pgndﬂ??g‘i‘}"esqﬂ?ﬁb \%ﬁ?@%ﬂ SH%E\‘?Pﬁ’gaS “59%‘81 ‘%g?éUﬁéalﬁﬁﬂdMQ and a
fixed way hayekudtidod 1tbx9ilihlﬁﬂ¢c$apb{’b%{a%2fthﬁtodlthgu%1ﬂth@9ré mh@ﬁ@edleesm% WO

03/ 028541 PCT/ US02/ 31487 50 inits circul ar i ncI udi ng a fixed way

outer wall ﬁ@tﬁd@a@dhélengﬁx ¢fitheaRf0A aithp C@waltthie@éuibwa Y88 &téaé% fhe

curvature nggp dISC body
410 havi ng a gap 4 i( %&%&%gﬁés)&?% ur'tsﬁg)iatlh?tlﬂlﬁ?]?égtde |n GURE 1,62
and is typlattaﬂalegltcpcldiwrdndloﬁ\ﬂmm:rd]ﬂ $0 phder cotwhstivices wheredhd metdteditinéad r ot or s

[ es ectlvely

5 416, seated.in.c resp ondi. ng, coni ¢

T a " gher B PR B tE R R R 2P BLAPIoBRN sk e e Sonbhiink gROREE" ot or
416 rot a:j a@bs,momﬁgbiemel rﬁ:e@lﬁt‘ioliﬂi e@nmdﬂmrmdme defict Eeo cm]gababr h;)l esd416A
in space apart rel ati gnpshi p aroun i nner per ery.o e _fixed way
404, Fovev éisertion qfithy nsale %Oplﬁﬁléeclie%&eeaveo%S‘f%%O@w 2y 3% ?féﬂ%ﬁ%w hat
greater or (f &M 5‘1451@Qﬂ@B%dtﬁ@Cttﬁ@RX}A?QeérﬁeﬂthPg[@ 3‘1789 dﬁaBl@@ oPfrevi ded in
correspondi ng coni cal” hol es di sc dependi ng upon the

si ze of thepugpressarspadasesmblsand %ﬁl&s@nuwuaﬁwv ‘glﬁ@nd@’é’éqy 1in the

consi detat at abl y
seated?§n Fﬁﬁﬁh%@%%ggzg ¥%§§Z%ﬁ\ ﬁggﬁia%Fane%néyﬁmkeee gear device
400 ( Fl GURHEigHEB)byalmohdirigrtbé n@ﬂ;emmieﬁﬂtAlan&bé%B tgpead eddbdherrio wiueethen a
central gegr shaft. 415A, e b om of the.canical
central g’r‘m}f‘f ereofihg e@ﬂlé’:%) qul%lcrhg%eérlg ﬂbﬁn % e redeaiYe itdel gear
4208, mun%@gin@moae&h@g@qu dIip endshida, 165%%@5&1@&8& inghed flexible
drive shaft 420 is journalled for rotation in a gear earln bl ock 420D,

att ached . t 6°8M@tH3 LA F3PB AR 3104 apd thegrovmblesesmayt overhansys KRyand Hg B he
centrabgbeyehe b%rhoﬂgiﬁgs mﬁamm rwha& PSRRI, HEeRY0GRLGRR/E ral  gear

415 is al so provi ded - a downwar dl y- fIarlng textured or toothed
bevel | ed dsingil ngloguw%enma&résxstaace Bogdbe sutside vradls pﬁﬂmdmsg‘-omyu@us édedind

textured of dg%agfefhra%h%e SSRGS s HloaBlE éu@c?e &,Q}%;ﬂeﬂ the movable blade

housing 320A and 320B. This resistance is a contributing factor in prevention 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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rotors 416, as further illustrated in FIGURES 161 and 162 of the draw ngs.
Accordingly, rotation of the flexible drive shaft 420 inside the flexible
dri ve shaWwbD o3loessgsi ng 420A effects a correspondi ng rotati orcafushhgi4dri ve
shaft bevel gear 420B and 25 the central bevel gear 4150 to rotate the
conical central gear 415 and the respective toothed rotors 416 in a

desired di =1 { e . 1Y into

i GURES 1680 Shi eyl ] SR el oy R SIS (P ety
wheel / gear 16@)\thatds ¢@ed $o aiceptchedrvatumrafitaneedlety. ridledixed mebidf4iv a

sui t abl e operatar. 1240 .b s .of an ! a . 6 fixed
at one endB’fﬁYKieg lPﬁéﬁ%cpbé%X?jﬁ?lTﬂ%a§ﬁ%§§%ﬁﬁec ed%@’ %Jr:ﬁ%gj&alglé%{a?%djhﬁng pl at e
424 by meaRsGUREA62veKts eaidaily rividudesitismiulipl@tcadteblpj tevd RA4Aoothbd mtors

connection facilitates nopvenment of. the. disc b 410 frqgm si de-to-side
r espons? ve 4% reBibbnegatad HEAIEEP lp%ﬁo%?ﬂh“@fﬁs 4?g‘FXt’ie€Rﬁ°HY$§5nﬁ‘c%bl es 1256A,

1256B, 1258frand etk J2dREnt&fibn tRée BRI BLNRLIRA rothir41 Besta@BBCT | bed. The
articul ati on cabl es 1256A, 1256B, 1256C and 1256D typically -100 WO

03/ 028541 P@rRdiscosrsgndingavathsr pf bmeprisaliholesi416A iBspaced-apgér at or 1240

t hrough fo i . -?&Eﬁix ective
yoke arns g‘git%%g]l?l %t%(gnﬁ@ntﬂggnééﬁeﬁpg@%@&o e %‘%%pgﬂgr}?%‘%%ﬁgwlfﬁégt rated in
FI GURES 159pmndattaby thoseakilledfn tp actdbltgpetdr,or fewanuaibeysaif ¢he toothelet s 422C
extend_ fromtwo of the yok tns 422B of the i,ve | .] Qi oke 422 5 and
are se@:{)Jr e PP ﬁlﬁén@aﬁéo ﬁﬁ‘?@l SpstrShRRdE GouIC rﬂ%{e@%@’éﬁﬁ\?ﬁs%ﬁo‘yMZA to
facilitat e4¥@'(%g&1(ﬂﬂg’\ﬁp<ﬁf fhi 61k of the pldibtaihehekdl Geadaledice400 aid biher dsfgct to

t he operator 40. Accordingly, referring again to F RE 160 of the
dr awi ngs t Rensidesaiions @y therdsvicgs Arqemical %@P@%%@Irpfj@gg’\] R?g’é%ﬂl‘foo can be

articul at ede bb@Foftht BahEER Wieel/BBRIdBYALEFIGURMBSY)@spect | ve
crescent ag% 18 Githe BRP bOGFofthE Fiahd S B o e ) 1526 and

manual |y r dtchtdeng cenieal bpeel geard13C4monnien gniatosniral iggan haft AdPA agkiendings
hereinafter., furt esCy | [ ' R5..160 a frane
4200 okt ofge oSk PRI R kel Shgp PRl b bbb ok ERBRAED T TR
di sc bot t oshaflAel feir 4368 unomnged drea flativlerdsade shaft AZ0 FAGERAZ2BO )0 Thhe di sc
body 410. Referrjn 0 FLGURES. 161- 164 of the. draw as descri bed
above, 15 Pﬁgiec%h‘?ec‘gﬁyééﬁtlﬁ éﬂ“ﬂ&gﬁ? %%fséﬁag 2 S%ar’itb%?ngd’gg‘ﬁ‘ ‘g@%t 415A

ext endi ng gNRARESHEYE didcQBitotne 0PI fiREEAEBEBO4 1 0 dHdBaghesife BRaknizdldbielopeni ng
415G provided in the disc body _bottom 410 FlI GURE 1]265%&9and fifted with a

central begedr 4JéGrin drzmerplationshipn ekhe appical ¢anEakesar 4kh 5o dded Witk hat t
bevel ar 1 f i i i Isdrated in
P GRS 51 SN EwaREHfRElng Hotdifed ol RiEARADIENMIIY furfal S oFgal eratde 51 ©
central geaorr¢sposdiog beyslied gnd tegMrédsor tnothed ogensupacesedr ontibe thothedbody

bot tom 41028R%16"G fubdlr H188-SRATFIEUNES 14 £RYRr dREHGhimggar 415C Tor

exerting a _
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 édj acent 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 12564, 1256B, 1256C and 1256D (FIGURE 160), as hereinafter
further described. The articulation cables 1256A, 1256B, 1256C and 1256D typically
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downward force on the conical central gear 415 and engaging its textured or
toothed driving surface 415F with the correspondi ng respective sl oping or
bevel | ed,woastessed or toothed rotor surfaces 417 of the tootusezi3ret ors
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
respecti ve ind et P0AuER IABCabIB BRI 195730 and drive
t he needl e %%H%rﬁgﬁln%gtuﬁéﬁ?r i xe (\5/)5’53 4, as |u ustrgt ed 1n FIGURE 163 and
her ei naf t efixéd aittdwbmedewdhc brsplectiive yvkd arrrbéﬁabmfébﬂ urtieetsal fieint ytiolke 423dscal
central gear . 4 a | ctive
toothed ro eri%gf’r 43 %ﬁél?ﬁ?gcﬁ g&é\\g pag% é?c%(gi ?orff Fgall}Fg?(lﬁ%ns such as
a spring wafdeRéts 422C ReiRné KohLisiovd thepdkicl ek 4228 @Stheldeahjo&d yioke F2I3URE 166
of the drawi ngs, to achieve th result._. Referri n to FI GURE 165
of the dr afiRhde SPRredht qh?éWHgtH?VEﬁngEYW%lO@%‘g@ Yﬁ??’lﬂ‘&\ty Op| anet ary
wheel / gear rQauhieepdBf-ddvh AtERNGH éMBe 8REDOE) 4 0PRTth edt$o thelopestdrat ed,

havi ng a doubl ed bevel | ed edge 414A that contacts nulfiple al ernatl ve

- 10} VO osﬂ@%@s&qcop@nglysmﬁmgggam&ﬁmﬁr 6@@Iﬁlle4ire\@ngﬁﬁx¢|dﬁg hS’é?i 0
4
a1 tornat i Vo S PRARGQnbl iR fRll rochael h i BCaBg Myl IS

alternativ case o i nent I ustrat ed
in FI GJRESmbﬁﬁnﬂzﬁifbn of ﬂmespwtivgeascenmlanﬂiapaﬁmgca&k‘éDZM 125€B; nt er posed

betwee v ear 41 unt ed, o shaft 5
a15n 0% onafrg b Sy g S Do 1A R R R i PR o
410A. The asth&einhReyfubBéd dagribaA AR ffuriie ibuseacdih Fuﬁsmzbmm el 420Ces t he
alternative central _gear 414 downwardly as, i ndj

te Tt t
respect i veSxiends fem;fixed o t o, ?B’i“é’ersﬂlﬂe’@ty ?C%%Qntétﬂi“?/% bot Qf(l)pust r at ed

in Fl GURE $66ec ﬁlr%%bﬁ&v\é@éﬂ@fnt%léﬁﬁ%ﬂ@d@@%’dyh@ achi eve the same result
by substituting for the central "gear tension spring 415D. 10 Accordingly,

as further il uRefeatieginow t@F@P&Eﬁéél -16f 0§ theylrawings pehavdeserthedgboes nat i ve
central - ge 4

embod; tont B bl el AT Ehes FREry55: BRRUASN Sl BBl R e |
respecti vetls Hoeﬂbﬁﬁﬁhereoﬁ timouphen geat dnf opehifdg 430Gqeotiled @l thedm:abedy: oncave
rotors 4160 al sqg t he 50 i used to
traverse tﬁ%ttcrwémgé%ﬂ%ﬁ? ?‘Hﬂét%de‘g%léﬁfewai?%% 411.30311% %S direction
det er m nedvwhh th@@‘ol% F@ﬂdlh@ﬂn@é sHaﬁU)%{/d:I%@m&DUE’\&cﬁ@ﬂ% e fleeibed dig@dhafi415C. I n
a simlar manner | GURE 166 of the drawi ngs the

errin ain to
coni cal ceﬂ?—@é‘ﬁl]@@&'ﬁtﬁdlg J(gpﬁgﬁrléﬂéﬂ dil A2 FAsDrther lbtsiratsd anIquIrgEgrléh ngs can
be rop@t a%lﬂléi £F a%geirrﬂ&sﬁ}h%?ﬂﬁ%hlﬂb %‘;m{%?ﬁ sed bOwebh IRARMR Y 00t hed

rotors 416B are a rot at ab eate e crescent disc body 410,
each of whbethora4d @Ama’déh&t ﬂ@tttmsbgmnmfsthe dari! hewed geardd ACduteexerting a

outwardly-{ (|>v%rrnl>va1% fgloc;[eto% g %Jlga(f %erﬁija? gearqlri'g afld Qﬁ‘é/a%#rlg 1% £8red 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 dri%: 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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surface 416BX, the fornmer of which contact the needle 50 in driving
relationship and the latter of which engage the conical central gear 415,
to faciliwetoaoessunti on of each of the alternate toothed rararss2/4meB.
Engagenent between the bevelled driving surfaces 25 415F of the coni cal
central gear 415, nounted on the central gear shaft 415A, extending

h h th f h
through t Qor%ge’e Ve§}?4g6@ ée@@l?@éﬁse L4 RhAdPhe ROGIEt he

correspondl ng fop sur aces GBX of t Iternate toothed rotors
416B by dbeweiled ddgser €siduoiahe sltarmativeednta) gopetldt iAsvindlie case af ther nat e spring

body bot t oPHIGRRL IR G P FAET R SRR LRy 8580 Hhe AP @ =

descri bed, bé hﬁerpbéeﬁ%aﬁ@nﬁm ¢dnlg?1vmblegeaﬁ45£: m@mté&borrtﬁebaﬁﬁﬁgmtfshafcen:] ral
gear tenS|on Sprin _41 D, Illustrated I to r m t he
sane fuhct b quF‘ %qugﬁt%arr W%ggégéﬁnﬁt?é?%ﬁﬁf’:@"l of the
draw ngs thgch fﬂ&%&ﬁmamﬂﬂe@%emﬁ%c%d Q9 Esteditthé hiEpshtig cbﬁﬂeﬂ' ally
positioning needle 50 in the - 03/ 028541 PCT/ US02/ 31487 fixed way
404, and og¢aerif dgwowerdiy ps indiwated; amaimst the ogspeciive altpmetivegonga@drierso can
traverse ! Rfec! XRdutiVerd O ifluded 07 gﬁ%sc’%gﬁargw?swph%@ da¥ bbRsddre
wi'se cate

count ercl oc irection as In e directron arrows 428
i n Fl GURE fuehiexrathessaimerresidt bynmbstitiridhg ﬂ)@ﬂl&i@ntrh] geat teasienl sprmg-'41(SDRE 164.

Drivi ng, of .t he ,needl e_.5 th ckwi se |rec on,.as IIustrated
o P B S ane o8 aRther Dbt in TG Th e A G BE R BBk ot

i 11 ustrat eghntiaDg ééaeuﬁ lirethiehLinel deg&ritdabbvewith (&spediiEthe bibodmmnehty ot ati ng t he
flexible drive shaft 420 in _the counterclockw se directio This action

causes t hellbetedm BEHERES d4P-184 sleo cansspirtalion Giihe Frepechye RiGra%e di r ect i on
and drive (‘irﬂﬁv&%ﬁ Q|16@eBMC@khe%@fna%nb&ét@%r@h%%@@orﬁé& fifddeeeand the

toothed rotors 416 In the countercl ockwi se direction as indicated by the
respect i ve5@¢ghe n%ﬂdilti)ﬁﬁslszammam to tr2emse the Siged wiay 04 iny the crgmeen disy bodyy ef f ect
corr esppndi coun I t i IS

mai nt a?érjl e dhwl &Jiréc(taigﬁ d?t%J%gc? b%fheacﬁfegpon ﬁif roEeﬁ'@EBB?'ﬁ% c%réigzﬁ bte\;]}% g%grm cal
central ge&tS(AlS is spring-|oaded downwardl y to engage the respective

toothed rotors 416, sitive driving of t d.rotors 416 is effected
by 15 engagenenylﬁgpagéﬁmPﬂ@3ﬁg??ﬁgg%ﬂ%P)ﬁ@%ﬁggégng@?ﬁﬁwgﬁg%gfe 415F of

t he coni caboni&s Béhted] gear! s54Amtand ih FﬁGgREselsporw JTahe @aWEEE cxebbevel | ed or
sl oping, textured or ~ toothed rotor surfaces 417 of the correspo di ng

t oot hed r ofasatably fisteddn the qressent dise pofn 41¢) @Bmeatfdgothﬁi rojgrs 1o ¥%ci at ed
by those skjrh@d skiled Hleth@'dtes&gﬁtth]g& 9&153’ £RP S5 Hovhi @NIR AT oB el | 'r@tGrss urface

415F and correspondi ng rotor surface 17 can be textured 20 w
friction- eﬁar@B]hwega CrEced, aum@rdlrélmnbg beipor sarfacsr4 16BB and avhemletdetep h as
desired, to

t her ebet V\B%L}{fagﬁ gﬁ é?%g@’[ f%lgrg T O ?Wélr ?1 con{acfC tthe %néile 86 i &}%gé %%tﬁﬁ&%ﬁ%ﬁd

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 device 400 is utilized >by initially positioning needle 50 in the
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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 woaBlest4arotors 416 extend into the inside surfaeerafsor/basti xed
way 404 and the correspondi ng sloping 25 rotor surfaces 417 al so engage the
needl e 50 and cause the needle 50 (oriented in the fixed way 404 for a

sel ected di { f fd: fd i he

di rection g?‘ &?otg? P@’nang?) @’%%@oggﬁ%%é?gﬁgﬁ%??) sP%‘t?%a%’liﬁé‘ géé-&ge Sp(?]g%:nl at ed
from a conshuesethe dixedfvaFdGURES3 G0egmerot8dnofypidally inlthawbwgerctackwisehe

t di body .410 i pul at ed I nt . i
cereen e N 10,CH B e B PG
mat er i i’:ll 16{dtdrial lﬁ(eoaslﬂluﬁteé[iec% ﬁl&ilﬁmmﬁleﬁ4.iﬂ)ﬁmgrogﬂ®ﬁebﬂe50%_ 16|A_:i GB?%E 160
articulation with . respect. to the opera ra i .
Thi s ;r§ i c&‘i"&’ft"r‘rﬁlﬁck‘é’lséi%feréﬁtl@&s ﬂ%%ﬁ“?ﬁ%ﬁ%ﬁf‘é?ﬁﬁ 1513 amﬁ%‘} &%@8&636’8 crescent
angl e arti gylftfiQhs %@bﬁ&n&%@@t i12B58d) to ¥R HExiBRArYE BB 4WNIFEGURID] ect

[ openi n%s 1257 and -103 WD 03/ 028541
fiat

t hrough the correspondi ng cable ) . A
PCT/ US02/ 314Bzndirgtatina teyflaxine dive sheft420 éy the qeuatsectrckmisglirertiqner This1 as

descri bed |n. |4 i i i I i n FlI GURES
1756, "o AtigibafRR hEbep IBAR! BREMRG 1 QRO ERL LRI el EaA, |
crescent addgletharcbhirzal @éhiralngeandl Sein 1a5@Aclosisndir¢dtiion ahé thertodiR&lirat@adés t he

di s¢ body 410t tate to t.h f th 2 | 5 pjn 424A,
e o ThnohofieRRrt el By b Snbbtet B et R e PSR e
1256C causessm iesperRedy (FIGURE63)} toddffecheressamign codhteeclfudisedbthtion

Simlarly, _tensigning of the crescent _angle articulatiqn c e 1256B by
mani pul at i Agthemeedle 8y which symaigtsaned 1 glace by ed JyayovE g%% P Fove

upwar dly ag,. L S i f i ; lied to
p y ag éoni%yé&ﬁrapgbal} hes ié%bﬁ%% ifde’éﬂd%g g%\%hwmﬂ%% eagQ%? {REThHELHIO P

the crescent angle articulation c 10 roves the crescent disc body

410 in t hetootpdgitoss 416, positivndiying efwhsdeathsd roters 4 hisrarisd blie necessary
I & 1op . . t ' oY bod
710 a5 T ur PRERREn VeI MR Sibihed B ORI B (R Y2 115€ POV

t he dr awi ngentrahgedrall 6tand drescotregoniingaespectotedtevealiedadr stapmgataxemredior ve central
gear 414 in desired difectjaon %eterm’ne . by the.,15 orientation af. the
needl e 50 f‘%ﬁ’%l erqi?&sélﬁfraﬁ\%gy‘h%é’j W“&?H%ﬁﬂ@%tﬁfq@g@é ﬁhg’aals(i‘]{[}éﬁéfe%d’éar 415C
produces arFpQURESIHNGE Wil bOipphdcitedby thdse sillQl inaheart At eeshedtiies 416C in
the opposite direction to drive the needle 50 in that_ oppasite direction.

In |ike nafPEAging groving pyrfage (oo irand goerespmdsie roky suiagss A S candiedexigredot t he
coni cabycegthal o } i 185k Qi i ' L@noof the
Feapoct! ve VulRLERBH otk e B P C e IREL B i e, o tn 1o
drive the fedithte tixddésired frittionproshgaging eamtrct therdbatwden and eiffiest positive f or t he

purpose deaﬁ\rfllng%? t}?ébt%\é&léd rotors 416 by opération 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. 4 ‘
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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It will be appreciated by those skilled in the art that the articul ation
feature of the planetary wheel/gear device 400 illustrated in FlI GURES
159- 160 iwoioBloessur ati ve, it being understood that substamcralSy3asy
articulation operator, including the ball and 25 joint articulation
described heretofore with respect to other enbodinents of this invention,

can be enp E}ﬂ)\lﬁggt&nﬂ&? g@ifev&hﬁeoﬂhﬁiﬁﬁt aﬁiﬁﬁi\?@l? Iq gg 1 Se@dsciiRMiik 8n 488er Ot her

articul ati chni que nown to ose s In the art may be enpl oyed
in the plambodimenphbthk inpeationidvsttaed 00FIEETRES Iy 28 62tand p2c Alcterdingly,

articulation of 1he di.sc 10w , i . for
suturing tﬁée??rgte r P ylﬂ%ﬁ?’g@xm ﬁlﬁscfe\rgﬁgérgaﬁ Q %%%%h’@%&wgfféﬁ h?égﬁlc‘fr aw ngs.
A still futdveer2andasisthatresdent dise 0ds1410go sethtsrio g lafh dn Keadwihy plate devi ce of
this inventjopn inclydes a flexible rqtar device 500, Jillustrated .in FlI GURES
16751765 of DI R ALc g orrs st GRERg P RSO e SO AbIE 68 of 1 ho
drawi ngs t hesed baxkding 08@&5% nséieht SQfe bRetbESC Bodys 10U Mimilkilxed way 504
havi ng coni cal entqr%h- 104 WO 03/ 028541 PCT/ US02/ 31487 ui des 504A on each
3|

open end t tResiepgf eresdent angle asenlgianeble 12368 dyapanipidating the {eYer f | xed way

504. The fi j ' ' ' vﬁa}nﬂ [ ' Il 509
and a fi xe?jéﬁa@a\e‘gﬁsttgrgé{/é\/g 7npg§¥b&§?%qu]tgg%&%ﬁﬁ)t e ?, ?nggs}mgg%&f’%@r ecei ve

t he ar cuasweivebpil 42280nddensidnl appliedtocttic cres¢anGuigtSGarticalatidy Goklatizb6D70B. A
protective plate 5 510A is.typically secured.an.the disc 0.by neans of a
pai r o“) pi FOVEY Cf?fﬁ?ntélﬁcé’ﬂéshﬁﬁ%%aﬁp???étegjgﬁé}éogp%ﬁlgmgaﬁ %t'ctive plate
a]E tac 3 ment rﬂh@itﬁﬁftﬁé—néoéssaﬂdcl llasreq;osieiahﬁ@ biefWednhBe mgfbeial 100t bealiturdicdnds ]:%1 OE

of a depressign formng 511, as.i t in FIGURE 170. As further
i|lustrat e&“ﬁ‘hgoﬂ?‘é}ﬂlﬁéﬁ ai%@)‘@ﬁéﬁlﬁéfﬁeaﬁélsmﬁaégt om 508 of the disc 510 is
provided wi th apRelliRdhoReSFRIUREEHS oF el REKIRE Gs heRtdiealcstiibed0 faci ng
wal | center section groove 515E is provided on the depression form ng wall

511 and t heotelédn oftbealsermnafisistcenirel geatid 18 dssirdddlitselipnidaiermjned Pathe of

ih
par al | . 0 .t t he
Pal T Bt eBHbauaROIoN? € b KLkl X BP0 B B o the LA PLARC ol
168- 170A a5 prbduBes ecortesppraiaj mtation bf (HRBESb6/conna/e16@r0416Chia the awi ngs a
flexible rotor.SﬁS 15 ig&%i!u es alfl xigllg oute[r bar%d 5/1{;5. with flexible
spokes 5158PR{E HHEHPTYP SFVE E nepdlg DR thag gpRysip 4R IS Rs K TKOEEIS: i n a
spi ral pat t&feming @o RIGURES 1650 klle RPRIIO Bothléifof théGorithl tiefal pbdrugbiabed in
FI GURES 173 and, 174 the fl exible outer band 515A of the. flexible rotor 515

i ncl udes asdesterbdirecsionimpaiRgtion PE thegespectyrliceate t9gthsd Fofp1séiloB 1yt endi ng
rotor §@Ou#}%q{p§g$lféc§ﬂec U RURE n SRR PR tRatdbplifeQiHeddn tBe #nn

er
correspondmg oul ders 515F of the depréession formng wall 511 as the
flexible tor tisBurporeatesssibed gbaie. t he di sc 510, as further illustrated in

FI'GURE 174. 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

: inventibn, 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. Réferring initially to FIGURES 167 and 168 of the drawings the

flexible rotor device 500 includes an arcuate fixed way 504 having conical entry

-104-



Accordingly, in a preferred enbodi nent of this aspect of the invention the
rotor shoul ders 515D and the correspondi ng wall shoul ders 515F are

provi ded wotod/oz8s4snoot h surface treatnment such as tefl on @cTiuse2Biske, which
is self-lubricating and 25 causes mninmumresi stance to rotation of the
flexible rotor 515 in the disc 510. Furthernore, in another preferred

embodi ment gﬁ’ifde§ 5614 Bﬂ%gﬁﬂ tn%ﬂ@} e O?Tacﬁ%}t%g%}p 364 Betwedmtire opePbfisigfed Wi th

an abrasive or texture eria r se yet rel easably, engagi ng
t he needl| etBdixeddvair 04 ighetfixed magd0d iSproaided mula tise 510 kadngwadissull esponsi ve

t tati f the f i bl 515.. N I Fl 173 d
174" of "t hedahung el 5 RBLbRl RE2-HitiadTia e Rl 58504 B buaE 200 175 o
]E Ihe d lr3 ?Wi nglii:uﬁté él\f%dlb so,bsg inxmrl a%aidiﬂEwa.;EStgmemﬁgﬂl% BT0B. NA pstedtivie pldtat t he
exi ble rotor .515 can be pl ac n e disc for .ei |
count erzl oéi(%é%typkﬂaﬁi’ F%ﬁ‘ir‘l%lﬂ“(ﬁﬁé{siﬂé EWF@%& %%Ofrﬂ“ﬁ g?ﬁithﬁ%ter}dot ation.
As i1l ust rﬁ{r&%ﬂ ﬂi&e%bﬁ%é%%néiﬁ@ﬁr&t%@ivgb%& hin@hOHol&151 1 ASand Hedsedéedqa/ 028541
e

ke
PCT/ US02/ 3148 positioned in t isc 510 for counterclockw se rotation in

t he direct therndgrlying vealrhobes 54AB of Beleprestipe famingwilh 5 bb ¢f illustrated in
tercl ' t at i o0 j - i ! hr ead
counterc Ofﬁzﬁpgﬁtgbhg&dé @gm%ﬂuﬁéﬁ%téd M%Yﬁ%éfébt aﬁld"Y'7b*%hdﬁargs<g§§1M59§ of Nrea

50A typica C he center point o e nee as i ndicated.
Accor di ngl vhe ditgc 560 ik phevidgdpriéca hottehn bpenring 568vh.s Fudeanpen do fnvwerdyRE 170B 5

t hat countercl ockwi se rotation of_the flexihle rotor 515 4 nside the disc

510 by Lo B R et i o @ 5 s PR, Fusbg bR PRELRSAN'S 50°Fo
traverse tBel ik wallbdenkd dectias giwive SASE idTeougided BP5 phik bitgdralddl @dhlll n FI GURE
167, in the sane direction. As in the other E@odi ments of. the invention

wher ei n t hehquigean gl Fothat extepdionbmardlyt of thplagg WA GEIICESRCEPT BHIONE of t he
arcuate neggde a@?urﬂ%éi"‘r‘llﬁsﬂ’é{%é% 5%@%!1%%17@@%‘&91%! e 10 rotation for -

suturing as hereinafter further described. Furthernore, referring nowto
FI GURES 170 andRafaiing again pOBGURER 16 hand o} eldhe drawinsstadlaxitdargter Skcur ed on

the djsc 51 j of . [ 0G, iﬁii%; ceis
provi dgj b&c\i}i@g&\%ﬂeﬁ%ﬁ%@t%&%&? ?%?‘" %gfrl ?ﬁ%ﬁy}%ggéstﬁgﬁ#g{ngc vemp egt e 510A
and the fi fexibleyutertizad 5184 inwdrdly iha salrhlgwittetretaraanioe shadrogenmgt6Aad 50A to

traverse the entire curved f t 5 di 510.. Dr.iNing t he
flexible rgﬁévfrﬁaf‘égﬁ a%éd“ﬁ#@%@é&é@ﬂ%ﬁ?é#@ﬁ%@%ﬂk}w ‘Pmaéldo{”gs%ﬁfé‘? al

devi ces an@e}iBEYOtdHYES indlodRk & @litvied @Stot Edndsdt bRk 8d5Cbduh@dRby patdllelvher e the
rotor shaft 516 is inserted through the rotaqr shaft- openi ng 516A of the

flexibl e rexepdngigonsheutdssalgh, Phichyotor showdemPhep SOBRCLERS t he disc 510, as
A e g ST
I n one dri veomhifomtatesinside tiealisc 30ya fugberrillgsta@ed 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-lubricating and
25  causes minimum resistance to rotation of the flexible rotor 515 in the disc 510.
Furthermore, in another preferred 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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may be attached to or shaped integrally with the opposite end of the rotor
shaft 516 fromthe shaft cap 516E, for engagenent with a correspondi ng

drive bevwb oge2ss4516C, having a drive bevel gear shaft 5PeDsb2/aked to a
source of power, indicated by the 25 letter "P', as illustrated in Fl GURE
174. This source of power can typically be a drive notor of substantially

t he sane desi: : i ! g L hd s i, Fl GURE
1005 of -t heD O B L o e e e
ski | | ed i nabdhthearcedleAAas nepositionvfer ¢camntendlqelevitorotatipariatherfoed veayfI06xi bl e

rotor device, 500 incl.udes 0.di,rect .drive such as_t Ll lustyated in
FIGURE 176 Viliarnith of tead s Bpisally e po thebapter By Jiihs 9%‘?‘1@"&1% S
rotatably pidisatetdAtdordinglyeix will Be hpptetingd fivhea déhsiieehtiah bABTGUREA 708 dri ve
mechani sm such as the conventi ontfll i c,{)ormt or 488'49:’,{‘1uéit§r giegri n Fl GURE
109A of 7 t h&hal Fomptarglockwine refapsetithe dg¥blsroion e L pinsidsihgdisr S ShaY e 48H i s
attached  diitRgth¥chbRishiRrSIRE d&RAbEd 2tBesific hbddiSid RitBretst e fidddE 176, to
drive the flexible rotor -106 WD 03/ 028541 PCT/ US02/ 31487 515 in either

t he cl ockwivew S8¢, aouelt e the gak f@ sidludirated in IHURE 16641 thegampylirgeliaie tAs e
positionin f ' [ ' ndi-ng
operation g‘? %etoﬁge?r?%{bgrmn?%gsf ctyat(rﬁtrwioi?]lé’ é%tgoﬁ %&%ﬁ% f§ §% ,S,T%th ﬁ%&gé go\?maggs in yet
anot her dr apgo%innse banergirft of thepecuatd megdlettd, fhedbriehd 804 6alwsdbe nesll&00, t he

r ot or aft 516 |.s connected . t i ndl e.519_.in a rotary .cable circuit
bos T I coninin b7 sOnaE ot ffteini o Tl Yol " Epidinb s Rt R R R 50

mount ed befYEERES PA dndQlaid @ MYOB) witdashd glotectiRe R FDI B8edur&l orcibl € 521 is
wound on the SSI?I ndl e 519 and the drjve sgi ndl e 519A and a chet 520 and

a ratchet @iad18ooRicale by pesRTREdboRng AL 171 FBRCE S qu@idég}oﬁ%ﬂeén_Sw to 10
facilitategdria .?])Bg?’cgr tp%ﬁﬁlef%[)bm% ‘ﬁgﬁé&iv'e@ﬂeﬁ@?l@& Elgfﬂfelqﬂe@%yl%(zlﬁa}‘%ll' ng

reverse rotatio e spindle 9. A'spindle bevel gear 524 is provided

on the bot Bdtwdllavheleatangastor theithngad SGA dntrayrise the erfise waitved bamgth ofgber 524

engages. a dri bevel gear 524A, connected to the shaft of a notor-523.
Phgl 10508

Accor di ngly}Sc ration of the notor 523 causes the drive bevel gear 524A

and t he spi ndl e Dibnigg ofhaflebiBle rotor detia¢ 800 e be byconiphishialt gt anypreld dri ve
spi ndl e 519A and, through operatian of the endl.e 521, the spindle
519 also r é?vﬁfaggif"v‘tcﬁs %8‘31‘1?%16%&’918%@’0%:} Hﬁra}eglﬂﬁ?ﬁgﬁigjf ﬁéhg]aﬂeéﬁ? bl e rotor
515 and t h&oraRd 5 639 idsbrtdd rdlibh ehrbtbr@hatt bFerfideXidN 6f thoBexibRavioze 500.
The notor 23 can_ be typically equipped with a rotation counter 526 for

ih 0 .

tracking t RéS ayhihepughithe betim Apenieg eQ& obtherdise Siler ilusiptedin FACHRESY 1
o1 a2 0y T S Eet A0 y BB L n Acnlt oLy
ot her oper adteinghevedtdreshaf 386 knplewe. tlo onh dswe ekbodimani nshafideveltgeanilobe used to
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 proi/ided 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 shaft 516 as illustrated in FIGURE 176, to drive the flexible rotor
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effect rotation of the flexible rotor 515 and the needle 50 in the flexible
rotor device 500, as desired. It will be further appreciated froma

consi der awoan/oef54F1 GURE 175 that the rotary cabl e circui PCFASITanshe
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
the draw n ﬁgﬂ:@v‘i i the art
that the s%?ﬂ%!g{r %M%e% lﬂ%)egcg?%gr rbgﬂe@gfn d£ glllrgetrgl%d‘f QQ&&H% lJr%ﬂnin%girl{?%et ailed
and descri lpesjhaxlnngefthetﬂexrhésmmrtslﬁanditdmsk Shhadi comesndingtdpesition fent i on
and may in ude a uni versal coupling, such as the universal joint yoke 422
30 illustr " FI GURES 159 and 160 of the drawi ngs and as described with

respect to t h0$@f&ﬁﬁg\h6@$o FIGWRE 178iof eiesdrhwings it yéteﬁcbthéxecﬁix}enom to those
Skl||ed inthe art mmy be utilized to facilitate artic tion of the disc

510 with r&sshatsm oy qr@raélas sy flexible refprdeyics, >z theirptopgh ds pepneriedRE 176
of the draw ngsindre1d9 uy\Qr&gk/ngﬁléﬁrcﬁ) @ﬂ 2“@@%031}14&3 the! sbm‘&lé 5198 aaRRkeci at ed

by those skilled in the art that the flexible rotor device 500 illustrated
in FI GURES smedleﬁerfotathblymMQdd@t@m seppitigaeynd blpckharte Ama@cﬂq:SSt ates a
sinple, ye I . i te
ncodl o B0 afBLEMERL: hFERELANRFAESLE R O Ot BhAD sPhn SHE (BUEHE

cl ockwi se 320 exxd & oatcheb palei20ai arg pripadedtdrethe botterh ahd ofmhe‘spmﬂke S1Péxi bl e rotor
515 in Q e dﬁsc 510. Varjous rixg. t echni ues(ﬁan %ﬁ_utl i zed as descri bed
and i1 st fsbtedving che smpde sL7 in omsimgrionand Rieyeiip s A afon gl e
attached t gheldpendié SP. 54 QpinBledayel GRBYVEN i€ Provi@minahe béfom etk &y e

descri bed. I n_another engodlnent of the cycling suturing and knot-tying

devi ce of #pirdle S18A; anddhg srindlebeyveheeard4 @P%ﬁﬂ?s aémf%‘éewekgw P&ddrated in
FI GURES 17Zoxﬁ1%€tedw &efmﬁ off ﬁmt&rs@@k ARG, %Ip%ﬁ&'i 8f fh¥ nhdthustyr at ed by

reference nuneral 600 and as illustrated In S 177-178, includes an
arcuat e d| saused e dojyehewd] gy 53A4 anddhespindle beted geas 534 tfiotate.ghereld05 ( FI GURE

LTA) 09 SHIShRGR. LS S8 180 BRAOKS00001 DAt LAALES B P30 oNd

t her eo at a € a curve nee The 15
needl e 50 s@n&lb&l‘lpQMdoateshoteffeﬁmrMpcﬁidl@btamenaof thedtdkiblgapora5A

t her ebet h t the di
cap 605 | nohwedieeiesdas hegutpaide feiter i atyifeiop dRoieA Sonne o) s
610 i ncl udes tygidal ﬁﬁ%@d @Aith G r6@aM6h colntdr iz%lfgiu%kﬂs@ﬁé n@berdfdtBEinpot t om

610A which facilitate enclosure of a pawl 618 and a cooperating crank 622

and connectYd¢ erthpreqdians baglm cuteff §‘§’tt¢}a§%?jandrﬁ EresRewitoh S2% 1By 8k be7s.  As
furthes, "hﬂﬁv&c{ ﬁqrbfaﬂF HdRuit 639 aﬂ%%%ndérs{o%ag}@cﬁé skille@aftne 20A has

one end co necte tot proxi mate center point e curved needl e 50
and the neédit eﬂmhopmah@mcnhsmamb bmevstnttmﬂx)saslelﬂ@bmtthﬁaardmy bgapedd05 and t he
space

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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bet ween the perineter of the disc cover 611 and the fixed way or groove' 604
of the disc 610. This continuous opening in the disc 610 facilitates

uni nhi bi two msoyssaent of 25 the thread 50A t hroughout the Pemgtsh2/aefsst he di sc
610 responsive to increnentation of the needle 50 by rotation of the paw

618, as hereinafter further described. The disc 610 is typically connected

Yo an ar i cul at o Bb BbprS3AcaSy kb B8flcd o s o B Atk UBEAchick 10

facilitate articulation o e di sc respect to an operating arm
634, al so Adfnbettetediio RIGERES: 67wl 76t dflge draimmgs@8a as desaripededbore ed 30

enbodi ment ©of...the inventiongthe rati 634 is attached to a.vertical
o o ackdfoiitsls o O b ARetcl BRI A I SRDARE fonGorfirBE PSRk Radds b5
by nmeans O;SOeaﬁoMﬁTmbﬁabd was%ﬁ&iMéEﬂm coomeeidck mefoae};)bk\:/ﬁédge&tmi, Zogt al )
rotation of, the horizontal, nptio acket 63 and the fixed oinpt bracket
633A t 0°whiLRe1dng gp%@aeﬁ@&?t}wﬁh%he&} rP*@é%?%iqﬂtﬂ%@E?l%?’éﬂmﬁ 9&F j oi nt
bracket 633&cinfyuek Bard b Milied B SRbtiNeCAHANREIRE S foA3HNEBR6PZRPS1 ,
PCT/ US02/ 31487 ~the disc 610 by nmeans_of shaft support ?I ate 632A. Vertical
novenent ofsuiidde gperator garpbattaphadee pleedise §1Q neanyweneaniangfaghions®4 i s ef f ect ed
by neans of i - pin 633C that extends'through the fixed joint
bracket 63 X?egér@fé[%eg l?)érdi zontal notion bracket 633B. A shaft support

beari ng 632B i s Inehother embalithentwif $e grlivg hedringaitdimobtyghafievistpitbist pl at e

632A angd serves to journal gne end fl.exj ar.. shaf 31 for
Corat gf | neieREo fakp effa Sudit AlpsBaisn ™ RRyORES Lo R Tl tutand T s

attached t erdnele@ite@Nginatnllilustratedts refetotich hémbey 600 gricds iBhiafatedGdl, whi ch
projects through a bevel D?ue(%r shaft support 632, the shaft support plate

632A and t HHEURES he/-15hindudss ap preyatg 858 610, eneaialongng sepnent it detse & he
drive bevelg;Qean 683 rrSURS 198A) -nelulé;flﬁé%iRmE@f%giyrbr e 608 RMat P3resBe Meshed

therewith, as Turther illustrated in . e drive pin bevel gear

631B i s fixach end thangotitiafexedivrydrgelichi Artotagedmmgoddiea evapknezite Stinbha he
crank pkn G2efl g? 6 4 eﬁ@?&tﬂogl?ergggﬁlg@}é‘éeg%% née)%@lg 'ﬁjéé ls'§§/§ ﬁ{eﬁﬁoek&?ﬁeﬁ' GURE

177B and héereinarter descri be romthe shaft support
beari ng 632hitlondedieeghpc®iAds tlightlytroore merrdivsharbtht dismcad 605 inchbdist 62 0,suppor t

the disc 15 610 on.the fix |0l racket 633A cordingly, .from

cons! der at st Astaied i EEEURETI7R 366 SRl R it BinOW i oo o

the disc 6501 @MEGUREY 7Y ARkl $Eis@BGtRE10A WHidh REHREE Endddure G R B8t 0 be
sutured (not _illustrated) can be effected by novenent of the oip}eratl ng arm

634 and i NN AEPRRSIYING Eak 220 £PTRRSTPS Frepk GBR0224, ilustrated 1 FESVBES bevel

ear shgft i l1hg ba g, i i \, i 20
gi sc 6?@ I%Z %Fiﬁ?%gg'aggi n téﬁ%%uﬂéﬁg%g%%gg?g?&?ﬁgg rqgﬁ né’gﬂ}r%e{a\?\n Il be

appr eci at ed0ftas onhendit@medod torthe approsimaiptawdrippint efitheabiyedseedle 68 to t he
di's ¢ 610 bY4 the needie 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  thethread 50A 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 connected 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, which fixed joint bracket 633A is, in turn, typically connected to
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means of an attachnment 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 t he arwoaB®sseaver 25 support plate' 611A that defines treTdissz3gap 605
illustrated in 177A. A threaded attachnment screw 620B (FI GURE 177A) is
typically threaded into the internally- threaded hole 620A in the pivot pin
cap el enen i I 177A and
177C. The T[t)}}e\%?cc%ﬂlb%%ga& of |a§<fgé ? %aéég?zs% gg@%%ﬂhg%nﬁ%y E{r‘ggr@?of a pivot
pi n shaft 620®ithiragpesiup ios eperting a}mmﬁﬁﬂ ipeffieataibyr@ea@;s cde hdbizénialigier
illustrate Fl GURE 7 d 177[1 ef [l again to Fl S 177C,

177D, and %%%‘Bglaé&{ﬁﬂ‘%pﬁ%’f? §B %"dd% fisionad BB hdopiaf gt Qugn | 605,

i |1 ustrat eBracRetfd3@BRESsHalt/Bpaitibdafinig 6308 i a@ldet babtherwissd atdched wfthé he crank
622 and_the crank pin 622A responswe to oper@é{i n_of the .inter rr{gtshed

dri ve b®vefhajesiprer plaie 67 prdIsrvesitaioyeqal ong ﬂ@lblaéeﬁérgéﬂfrﬁé@ er -109
WO 03/ 028544, P&%%@Eé&é&@ﬂaﬁ Jd;}bggﬁ%aﬂ%%‘yzﬂﬂe& drif6b&Vetlbafleg1ags further
illustrated in FIGQJRES 177B, the pawl 618 is installed
in the disett®hed st exteading kind pf ﬂn@tﬂepibﬂ\e baval gea@@hﬁ_ﬁ 63lpwb,i<é1d1rmﬁgt8upwar dly

fromfixed C t GQURES
177C and 19-%35&1 ‘jﬂﬁgn%E géa?ﬁltrl%ﬁs‘%bgﬁn 65? thgglltle Pialtl n s Q‘%&gﬁd&%hrdge\l/l ded 5
in the pavvhhdfelgeaﬁithmB td faeﬂmmkotﬁﬁx& ofﬁhedpi/evbdtvebgemr 63pA 62021l & gosi ti oned
such that attachrren cre B can be.u ed. tQ secur i,sc cover
611 re vaBW)‘? B heel et %Bﬂfmiﬁ?flzt?‘ﬁﬁﬁ@‘% af B Eﬁglflﬂba%?‘ﬁntlﬁg}% g?ided hol e
620A. Furtirge HHK/@pmﬂfevbl' detS6 318 R dixell fo fle@dRE pin/ 623 faeratataipkhptiank 324, fi xed
to the crank 622, praqjects through the chevron cam slot. 630 provided in

the paw 6%l thegr mﬁil%éndm&rﬁém%l&ng&enw6éﬁem lpstrgtedan &35 ong the
periphery @m D4 OGHHLAS: d%@éﬂb%hOtA@?&?%@E’C@&!ei{&é“Eorﬁfﬂlé HR60a g@or@w i nsi de

the disc 610 responsive to rotation of the crank 622, as hereinafter
further dbmgtfé@B tAsﬁdeu cotinertian fouke dise bottom 6E0.LuURBetter Peppdrethe disak 622 has
suffi c SR f the
crank erg?&ﬂ%ﬂ?f g‘ti%é‘e%gé%w %&?fd n%lf%@E&SId% agBéS)‘rf? g((l}:gﬁg? t he paw
618 fromth®7 ﬁhﬁlflf‘rﬂrappania&ki@hat&MupquttﬁmJnEthmdmedlmthhusthefdmgapﬁoshe pawl
618 is prOV| ed with paw t1 h 618A, V\/n{ch Pq%&allel F match th

curvat ur e BFERDOP R amaagal & oy st peialliskeiod) Pt oGO, £ GLRe

178. Furt h@fﬂﬁ%ro@erahﬂgaﬁﬁ'@ﬁ%ﬁﬁiﬁrﬁé&hg@ﬁ@aﬂﬁb@?éhﬂ?j&ﬂt%% h@ngank 618 is
characterized by a countercl ockwi se needle sid ot wall 630A, a clockw se

needl e si 8exibledevakgaar gB13] velldsodiersroaiodrtsdhpdesiyed BlQyemepidn thisl | 630C
and a g oc M. 86020 pivot side slot wall 630D. Accordingly, when the crank
pin 622A is caused to traverse the chevron camslot 630 by alternate
count er cl ockwi s®efamdngdgaokici HEURKSR 1741 78D of e drawings 8221l tehe crank pin

622A exert 3 frgcrlgt% Akt ‘t:“h%ccﬂscogovgrh(ﬁl 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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countercl ockwi se needl e side slot wall 630A, the clockw se needl e side slot
wall 630B, the counterclockw se pivot side slot wall 630C and the

cl ockwi sewpiosorssgi de 25 slot wall 630D in the sequences hecaiusat/sEB7

descri bed. These actions facilitate sequential clockw se and

countercl ockwi se increnentation of the pawl 618 inside the disc 610 as the
paw teet hﬁﬁﬂagfﬂésggﬂé‘d“tAééo{g]&{ngﬁ? AadnieRgageGURESSIOBe 1 7NEadr® 50 to
drive the nee In et OCkWI se or counterclockw se direction,
dependi ng urpbh7&,ﬂe:};dlwléd8 usanst@lﬂedrmtth@ flisn 669 suchdha themiveinin shast 6200, her

her ei naft ef descrl f %%\%/ S 177A
and 178- 18%f°b‘°f“{‘%8pwafr Mﬂlgsﬁ] ﬁ&ﬁl ni e%t a@gtdés%ll—)ﬁ%o Aﬂ&hﬂe t he
needl e 50 FBZ‘TIURES'(lW@SdnHIIOVIIB,de)dténdstlineugh,lan/eldngatetbpiwmn slot gIprmelde4 as
|IIustrated|n FI GURE _177A an di.sc cover s fitted,in | ace and
secur ed® byltrBaRaVhbles o 8B of fhé’dﬁ??é 2? 8. tﬁ%ﬂ?’@%‘% Ccag %é()é S’\’@nﬁ%flﬁ%&%

PCT/ US02/ 3‘&1@%&%}&41&@"5@1@@%2@3%%%9 uﬁéﬁog%mgﬂk%sc%véﬂﬁl%ﬁlﬁvw tlféll and
the overhang 616 which extends the disc outer wal of the dis¢c 610,

al | ows t hedise6Hd by Goeddable srsaﬁretméhﬁaﬂhreaﬁed/b@}eﬁ? A Fﬁiﬂwr{lw& et flpstated xed way
d
or groove ﬁ‘r ¢ ntﬁ*ﬁt&% 1‘9§ ke d?%g( @ﬁ r%g%’%;ﬂ?fﬁd{}s% GanlobH 2 Opr@ébt% tﬁrtaeglﬁ ipged way or

groove 604 ustrated in FI'GURE 5 178 the paw
618 is fi tclmdrorrmmaotﬁﬂi)pioﬂdecﬁﬂrothsm‘m Gl”ﬂalto fahéltépiaqurwéplﬁﬂﬁmkame caused

seguen I edl,e 50 and the
depend %a%ﬁgglgesﬁﬁ“@h Eﬁeeddﬁwoflhc F a% Ofnﬁe@‘gﬁgm nce the
?' Onlgat ed Risidetthddisc Sl(g)fes 1vettb%taﬂi(ﬁ£@ﬂ MeSra%GznlavhéremaﬁesfmﬁhEr 620DI :
acilitates mpvenent of t romt needl.e. 50 resul ting
from that pesegBetkehs ﬁ&@ﬁ?’dﬁ“ﬁ%ﬁgg maé[%‘lii#@ ﬁgfb they 95%‘9?&?4@815 figignis RE 178
the crank Bl eﬁl%%a%ldna s?la% d%EraEé"%y%ﬂﬂnQI)nafm@\é%k%gy&gﬁ?%bﬁbrﬂﬁg 6tzd,he  paw
e

618 has bee In conta wth the needle 50 and rota e needle 50 in the

count er cl optklm@é in freepppaite. sufhee @frthnravst ¢ Sl theschewinn catsde 688 Abeate in
the f; gur%ed) @é‘%&%&rf 'ero?‘fl}e 2w 838 5 9‘3&(? gvé@%ﬁa&'}gf‘eeﬁlré 1N, SIS Oéa?@fé‘f ed on

the cr e CH&Vr on’ ¢ , by operafion a power
source (noand mbmhttmmmdamﬂemﬁthe]ﬁxedmmmbm G04eas fortberolusgitateggear shaft 631

ari ve i n BBEURE 198, St Eerabre Brheving ov ol & refi e s a3 ana The
crank pin gsdteridet by anRilockividdiredleatde sllit ﬂvaﬂ&AAL f clobkewisdibeeitd i on of

the arrow illustrat ed in FI QURE 178 causes g rf in 6219@87’0 cont act
t he count e$1é¢ slekwil &3pBratousteadodivgse pipt sidasiet wil a novenent

of the, Ravdia O 48t @MXS@IBOWC&S}G{@BI W’Hehli‘hé &%ﬂ@ﬁﬁ@b@Aﬁ)cmﬁ&i iol | ustrated by

t he arrow Plocat ed at He chevron cam sl ot 630. This action of
the crank B2®rsthe chevron eankslpt 630 palieradte cowttérelotiowise andelRelivsae movenent of

the paw 61 otatibn (Ifl{flé Qr%ﬁk BM_, tﬂl"?et ér%l?ﬁlin%\éZN.&erts 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 and secured by means of the attachment screw 620B. The
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curved arrow bel ow the pawl teeth 618. As illustrated in FI GURE 179
continued rotation of the crank 622 and the 25 crank pin 622A in the

count er cl woloaiozss4di recti on as indicated by the arrow on tREeT/US0ABIKSPI N 622A
exerts a continuing force on the countercl ockwi se pivot side slot wall

630C near the bottom of the chevron camslot 630, to effect additional

cl ockw se 1%&%@&%@\”93 hBEerhAr SR ke Lher @il 1 86d iR DvEhahd 616 WhiAd ar r ow

| ocat ed be%eat t he pe]{lv\}'l ﬁsE’eet hr 618,66\._ ,%\t tkrli s point the céf]ank pin 622A is
nearing t hexteidstthé disndutef wall §14 of theldisc G0, didyistthepepdieniGirpmiptational of t he
crank pin 622A noves .the paw. teath 6 . fr he needl e
501 {he BioFEBPR TSR A AN S ET0s DA oy BN el %, "E50
Referring 50w &0t the GREWASOr tlveve 6ehRomi the d2 A ¢ farther illistratedciaRIGEREM t h t he

countercl ockwi.se pivot . side. sl ot L | 0C.as the crank and t he. crank
i n 6oom T4 thope0 ST biguied peey Bege STHST QEHi AUY BUBAISALES PEThe

count er cl og}g@g i i dlel s0sdndat fd hé'Geedle SOV Bioiyppased on t he
crank pin 622 ﬁ%ﬁg%lggﬁ%dk%g\?};%ﬁeecgm slot 63 @é'lthe cr.ank pielﬁ:h*lﬂ gd{]@i S. now on

622
the proxi nptessirglexestediby shetopatimgaranbimin 62 hcincs thaglorgpted Brel Ry slgg 613 -
cont’ nues hi FALRELmE DR Bir SRR 16908 R T sehRA ofifle bAIARIbAKE MOVenENt

of the 5 pa wi se direction, as illustrated by the curved
ar r ow benefibim thhacediatid reseléing fiBhat prassuee. sA¢dordinglpl agi faghernllaswataddn or

downwar d f il ]ustrate . the arrow | ocate J se of the
chevr oLgcaﬁi(gﬁ%gslgl&th‘T W%P@%ggﬁflf" g ?totﬁe 81?&)0 o%e?%ﬁﬁ%@rﬁ lﬁ%ﬁl%and t he
pawl 618, phel P@Uastheet i Bl witheieheadic S0fand asthiad themeetile S0He theeedl e 50 due
to the downward nmovepent of the paw 618 facilitated by the pivot 10 pin
sl ot. 619. pewierplgekyise éaéthnF_lT%PJR\?mfg’in 4 ot e fP'ﬁEe g, k 622 and
the crank phihterfidetz0 QirbeHd ab BB ﬁ%‘éh‘éﬁr"s%érﬁn%&%@bh%b @anid pidi cat ed by
the arrow superinposed on the crank pin 622A and the crank pin 62h2£ has

now cont ac622A ithhesbavror can clok @8 & dyrmpstation of 8 @owpiouygs (notgHpstragd) ¢

chevropn. ca I ; i Gl 4 rd t in the
di rect ?Son o(?tgtte %@egfé r%c?\}v éevgg%%g Sl?ahﬁeéﬁgaén g ttcl)]xs?ﬁ%ehdéﬁlg ﬁ’g%lég%a%%m"?d%@fo, to
force the pavibevtlegah6BIEBnd the dane pimt624itd kffedteonespdhding@otaiiorof the | ust r at ed) .
Cont i nued pre e erted on unt ercl o i se ed| ide,.slot wall
630n of 1 neERBa B ek ot 64, SRR eReR ot the SR P28 g o' ¢ ne pawi
618 and t hgiraardlof tlartd NRYEatkd id FIGTURE N € ealsecthvictak i 622A tconsact

i ndi cated by the 20 arrow beneath the (%Z)V\A teeth 618A_and since. the paw
teeth 618Athgrcounisiglackmsepivatsidesiptavplk 430G, prdreing mward qysBSPEOEhe | s al so

caused)§ 0 FRvEe & RSN fodth A SHMYRY neEdle 96,08 YRusBAtd ibf SR WraRGk OCkW se

di rectrion.
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.
4 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 622A exerts a continuing forcé 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 nearing 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 pivot side slot wall 630C as the crank 622 and the crank pin 622A
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Referring now to FI GURE 182 of the draw ngs continued rotation of the crank
622 and the crank pin 622A in the countercl ockwi se direction as indicated,
causes 25weddiotssenal pressure to be exerted on the count erclraskmsse’ needl e
side slot wall 630A of the chevron camslot 630 to continue the upward
force exerted by the pawl teeth 618A against the needle 50 and

count ercl Oﬁ%ﬁe?torﬂ{a% e HunB2UBctdiSe Q%éé@ti,olﬁljﬁilﬁﬁﬂatea Bg tmegedve 50 as

i ndi cat ed e arrows, respectively. IllTustrated 1n FI GURE 183 of the

dr awi ngs tsupeimpoded®2heerdnke piarfiz24i in thocteyion damalotddf iThastrnkdihove in t he

counterclo i se direction.and.extend. ' - Pl di stal end
of its ci r@?}xdlrs et R! ttﬁe PW&ém%DSﬁieang?sl ﬁni(/ﬁglf ?‘ﬁ’gﬁ%& 1%@2‘%%3\# télgrl%;n%eo a stop,
as il ust r@medudito kbietei® et doanterd odkngsectiseokopiorcofidue mnvérhentlbfishke of t he
chevron cam sl ot .630. -112 03/028541 P US02/ 31487 ferri to

FI GURES 1708vd%d8 iigthe W&S@%@&%ﬁaﬁkﬁ?a\% Y &2 v W%‘faéléﬁ% the crank
Pin 622A arfy1Gaus 608 A QvikiRt Bliiapblyidd\eh Bvaeky v @ Ere@as iMstiAMEbp €
operation of the respective drive pin 625, the flexible, bevel gear fshaft

631, the dhewsowhecasid heseath dzimsantitheicbevspy sam gioh3Gelpthisfonfigeaiion o
illustrateg i I 177, 1.So1 bt } I t he
cl ockw se T%gg%rlgp glJ ??%%&th&g%ﬁ%%@%&aﬁlﬁ%ﬁ gﬁgé%/%legﬁﬂ %gﬁﬁgc‘gtﬁ@g@%&%y t he
crank pin th22dedlas0 tee idithedowomardimaeveseat oithe paulpElSi fapilitaéel] bhbeedrot as
illustrated if Fh RE 184. This action forces the pawl 618 upwardly as
i ndi cated E}E}S%g rrow at the base of the chevron camslot 630, into
contact with thgsrgghted BOFKIORE 1 BabLT tHeelrpainks theetdnk@Pa aadgageatkhgnneedl e
50 in 10 driving relationship. The force SU]E(P' ied by the crank _gi n.622A
agai nst t 224 entinps &1 a ervstarelodivse Eqtaion asmdigserddby e dHPY SYBEEMB?Sdper at i on
al so for Ce&ﬂ@%ra%ﬁ?inﬁ-ﬁké‘r@th%@?ank%?gi&ﬁgsﬁ@vEcﬁft@&&iﬂhe the clockw se

[

direction, as indicated bf/ the arrow | ocated beneath the pawl teeth 618A
As i || ust reueterélockeyiguredibaidedotiwall 630nef the sheyren eamplRt 3t vd¥dA cont i nue
15 to yotate in.the,cl ' j oA Nd B d 8 1RHaONG £

super i%osaécﬁogﬁntv ﬁsethg ?ﬁﬁ{‘f%&ﬁ@g}%'tlgégl@e%trl]ﬁ‘%tgghggvgssﬁre |ts gxerted

agai nst t htae choabiae sloe63l), o Sirckethslpatvl teathl 618830 Bontadt yith thelngede#0i nue to
force the paw,. teet 8A agai nst the needl.e 50 an cause t.he. 618 and
t he need! eWEbIEIratEd), {(ONFAUGRICHPTR GXRItE 0131} SRRtgislocky lsler%ﬁf‘ilg%léig%méy t he

i ndi cat ed @511 6YGA oLGRRENIBE c¥m siof 630 BykheitSnleapid 620a aedhss Bk pastlat e i n 20
concert in the clockw se direction around the inner. perj he{cy of . the disc
g geirgsaicd

610, with ¢eandibenecsle ) toanpyegh thrcqumigselogkpyiseiregt ReftBfring to
1 CURG 01 8Cyrri plifiuihe B BREnFNIALNA S8 e i APt e eobgrmibast quar ter

of travel 1nt Istal direction in ockw .se rotation, the crank pin 622A
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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contacts the clockw se pivot side slot wall 630D of the chevron cam sl ot
630 and 25 applies pressure to begin noving the pawl 618 inwardly in the

di rect i orwofoswbss4nrrow beneath the base of the chevron caardlso/3a80 and

di sengage the pawl teeth 618A from the needle 50, causing the pawl 618 to
nove in the countercl ockw se direction, as indicated by the arrow beneath
the pawl teeth E %ng;f:%? I WRME MR Yrafif 6A2he crank
622 'and t he cralg%ggé@l% @ 1|7Ir?dtn gkgﬁggéﬁm&%g}ﬂdsﬁﬁg%tl on as indicated by

t he arrow sudphe cramopchZQhea:reoaused tawrogsteint the closkwise dBACtiRdYICHIRG se pi vot
side slot wall of the chevraon 618

i nwardly 2R§* tqun E@GCTSWQYG ?rbcwggg}]%elg’glblgg’%%lt gruétiﬁﬁg%gtri]{‘tg(e:?? % t he
needl e 50,he3%1 eadlbTEA 8l the bldt P BRED2H5 411 PIstaea BEUBIUREAST) | | ust r at ed
in FIGURE 188 the crank 622 and cran in 622 co ti ue L@@Ot e in the

cl ockwidse RIFsEEaip Htially eyeaied Reaipsthe 137 1654 aé %@&?he arrow,
to approack Gtk s] ésbbty'}ﬁeeﬂaﬁféM@Anmﬂé@ir&m@ﬁosﬂﬁtarmlI 630B, where it

wi | | begin another clockw se increnentation of {) awl. 618 and drive the

needl e 50 supeiimpoded thérred andlpstrpted iBIEURBA 84, ffhwalc joyforegsihepadidd from a
Cotati on orayh HUCHELINES o HE GRS SEing SGURLE LM AR BEGSp@n cf ockud s¢

e cran responsi vé to
correspond¢dﬂ@oop/ahalhemdt@fS(Idmehdmg&@qx&wdlmeﬂ&Itﬁeanghg@@ameﬁﬂiﬂoahd pi vot pin

bevel ge 631B, ,effects.in rerrent of, t he f the
need| el%lo %Vm%re@ﬁg’ngtﬂﬁogﬁ TEf 6‘@?@%6‘28 Y the & P%? %%ﬁ%ﬂgtet%lapggﬁsgn in the
fixed way Qled Vot v¥IB63UB nhBisthéde (ﬁb@eraﬁémﬂédfdrgésythe pawl 618 thot at i on
of the crank 622 in the same direction rel. eda;ses “t@éa] paw 61 ?(Lromthe

needl e 50 Baedlerddprotetsrindhe dodarisndirictiag asfndiggied e agpy o e opposite

di rection L n th%‘?g‘ act with, and driving of the needle 50 in the
first di re%’?ll %tﬁqg%}%dva ?‘% urther appreciated froma consideration of 15

FI GURES 178- 188Apfllustrated nmRIGI@;BEtIrSétas theeccrandetPPeand grank pith 0324 cortiied t o
conpl e}tse | ytgr{a{a?evﬁr %?1% %lgaﬁﬁgct%%s %{dugartegﬁaé'etag %o@fs %ﬁ 9(5 GoRHE i n either

direct raverse 5to suture tissue
ext endi ng ¢ranlit &QAgasgamuﬁﬁ&l prasuiird isexelmlcﬂgemgabe Bmc‘smlsameedw sideslat ed in

FI GURE 177A. Furthe m)r si.nce t S a cI t rotate
t hr oughout WeH &3¢, 1t %ﬂnltinB‘F tq ﬁé"e %Ba‘%ﬂﬁéﬁﬁl agHasty peéﬂee@% %b %rf hed by
the disc coygéiBbhwdBEs hllEthe i8éd1apa tdrbkatofn ﬁlbebdkmeautaatomm indichted, it

w Il be carried through the material sutured |n dj g ? %605 as the
needl e 50bqoéx¢end194té¢artf¢m freqoadipgly, the pawbo k& angy ﬁ&e?ﬁilﬂj‘“e AR The pawl and
crank gevi g6, gxqgl {h? cﬁfeb&(ﬁp%xgﬂnc?ﬂﬁ@‘fﬁ{& El?[ﬂlerﬁ@ﬁﬁe afsc 6208k tHen and
easy cTleanl ng, hat t e cover 611 can be quickly and ea5|ly removed

needle followmg 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, éausing 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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25 fromthe disc 610 by renoving the attachnment screw 620B fromthe
underlying pivot pin cap 620Cto facilitate access to the paw 618 and the
chevron camosloets4630, as well as the other operating andPCirasdz/gl4enent s 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

renmoval of operaAénmmﬁemrmmhs&&&damﬁzm&mnﬁmm@ﬂﬁmmcbxlititﬁ;ei?@ the
paw 618, fromthﬁ?lnterjor of .the disc 610 and di sasse |y of the drive

train, inciog Reckvis dirgetipg ¥ LAY 08Aes pdstedithevel - gear
631B, as V"eé.rfowastot gﬁroaeﬁ B&tad WTROAE BloSkWise hg@iléjillié’ ﬁoﬁ%ﬁltl 850Bashdlegi r ed.

Moreover, it wl further appreciated Kl‘bt ose skilled in the art that
the arti culwil lmgu] aiother 6Rgkivise drarementatiqnrof the AR 1 8zndidsive sthemsedle p0 | t

bei ng p SSi articul ating designs, -114 WO 03/028541
PCT/ USO /312&@“%&2‘%1%%‘%%@%@& ator 1240, illustrated in FI GURE 160, which

are equal |y eff dewilybe appreciated fitoknd cmgldarmioalolfﬂraﬂraMnrggthaheelehtah 610 with

respect to the operating.a 34 of .the..device. It e f her

appr eci at ed™ ) f‘ﬁ %elﬁ‘ldlcigf]lﬁwﬁsetrﬂ{émﬁ?f’f@ﬁ&f quﬁ(?ﬁﬂ\l{l\ﬁﬂacr Pg%@ paw is
shown in tmes‘poegib@eb e Psp@didperatitRrifitengdo & EiveBeRt] fRamb3 1AL fifot
utilized taq enhance certain characteristics of the device. For exanple, a

shorter thrivbayel aeato318s effnets marementios gaie nap &hé Ard daviae phthearedle pawl
fil
profit gy, tﬂﬁﬁtﬂF@(gpgNsitthﬁagﬂsg br C(ﬁﬁl@(‘?’ﬁ sé)(flﬁé:ﬁ[*)n Hﬁg i V\F rv@ag gl(':o?@g reea

possible nul ti arrangenent s expand
wi th the neddlodtheadisk 610 nA¢copdingly, @mnnaft@lota@enwéthe(ﬁrami G%nlmam pl acement

of the need i.n lcoser .t o t ef.x
gr oove. Eac(Jhl%c ) %%I th vﬁbl é;lgﬁ§?1§} rt)}llec%qe{ﬂ% 5§%§rf o étﬁ rel cr%%’ﬁ%&ét g crank
shaft and thée pavelrﬁi 8i mdleqoxmem disdvaibh $orexdiionsindohtict With,rmﬂaﬁb(n@&ﬁ‘rthe

arr angenent n ti d t.o h mechanl confi ations.

Al ternati vé}eﬁgleﬁgé‘}ﬁ‘ eflfré 1cHop- ﬁl‘%ﬁé’ﬁ?%‘%‘eéﬁmﬁgate Ofha ﬁ‘b‘ﬁ?‘%ﬁ"i"&t‘) manner,
can al 9§ berIHURES £18- UBEISS tha Bt thth®heddl 50 fsithushpediidéd ®tondpetdgvance
the pawl or paw s g%/%expandl ng in length wwth a force sufficient to act

upon the pdudverse thedivied wayuEronvehddion thesliseelifainicithen diregtion a1l iced force to
the outer Elf)éﬁ@él ﬁax%fr tﬁ?digépﬁnpg ﬁo@uﬁﬂ@ ik eﬂ%ﬁdlﬂg‘ﬁgh‘l% dlgc S%a@%b{i al SO be
y

appreci ate ose sk t e art t at power transm's
bevel gear sindhe iteedle gap 60hA, MWsﬁabedmﬂﬁﬁRRhﬁﬁbememdmdsmyeﬂmy one of

I Kk 20 W | h
oreferred dBiTTRRELE e b G TaiE reomeR By cined BEeR cra Bee 0 ¢ i)
be recagni zBelogenthgudefiars bodek dlbtaéov‘éﬁﬁllodiﬁi th® N drhat 6 16T thedisbeutegigl i n t he

i nvention and the pended clajnms are .intended o _cover all such
modi fi cati cﬁﬂg ‘WWIJ:I Wdftgqug{]nth%ﬁﬁeﬁﬁéu@ﬁdr’intt{‘%lﬂ’éc gAY %ﬁtﬁ? Aeedisvent i on.

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 611 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 thepawl 618, from the interior of the disc 610 and disassembly of the drive train,

A 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 exemplary, it being possible to provide other articulating designs,
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25 Having described ny invention with the particularity set forth. above,
what is clained is: -115 WO 03/028541 PCT/ US02/ 31487 1. A thread

advanci ngwoasioess4conpri sing: a fixed housi ng adapted to becaaispb/edst o a
suturing device, an engagi ng neans for engaging the thread, wherein the
engaging neans is slidingly disposed wthin the fixed housing, and 5 an
actuati on reens thebp&aids i P4y, iihstrerdagFIGUREAGS, Whichragae@panjneffédﬁwe‘ad 2. The

thread ad d f cl th .gui di f
i 1l |y GRS e (B 9ol LB PRV e g e AR OO LR m 1

wher ei n t heegids. d| ng neans is at |east two fixed blades coupled to the
fi xed housing. .4. The thread advancing device of claim1l wherein the

engagi ng neans &owikbeststher appresieies) by thesestkilled inftke art firbiplthovely aginglsl ades
masabl yco e pt ed to
sel ecti \S/el %Q&:Fﬂ shgwéhrgﬁ éél@g&g?@g@ﬁg%%%@%’ %'Epéstt%}ﬁ gﬁ%ﬁi‘}%ﬁ%}?‘ﬁgﬁ evi ce of
claim4 funé hﬂranwcmtauschagac&mﬁemsf th@ds/edeed%drmdxyplebaasmbmeh‘éuw akmsht o

actuati on: Adre LHnfnaA oy e Bt HERRE TP R SV OL ng

such that upeR pacbifdph@metdrheanhateeosBblemultpledas] birendementlvehiktousi ng to
nove with respect to the fixed hou5| ng .and causes the engagi ng neans to

engage t he SEPAnEARE Pl cpREACt HERFH hibgngsdien pddaionabpayls cpmplae feryqiot her
conpri §phNY 2 HARI MenlTRAGISHhE Héedlél&igagﬁ&gltééﬁg clfoB& t8 @Ak BRIk ?van f&& ead

t hr ough 't he engadi ng means, wherein e control nmeans is co@lg
actuati on geovs. qumadml@@pmmmlmmﬂrmn@yasaoaram@ranﬂnsb a%djvanm ng

devi ce of la ej e _Go nmeans
coupl ed to e ac gla%néghrréeﬂe}nog%C%'%@é’x&gﬁgg&g%@(ﬁe%%%%nﬁﬁg{ g%gﬁg support
when t he t@n@emhguemhm@al|csnﬁgnsmmeekltemat1helymem ¢lectacdl ehtricats rreans may
be actuat ed, (g 5 an advancin rreans f %ﬂva(g er]e? QQ tensﬁlfﬁ nmeans.
9. The t hr SEYPEGILHEARGCRIES » @p3ls AP T ARPISAU Y ans
conpri §8s QurrieehdRtavé Mg pAwl btipalls by eQfanbpsia Sergtts wab adorke @umdleht ®
circunferential edge and a _triggering neans for advan(fledgothe bosses

around t he agiwen tgpailios Rawis s guodyeiagammecypnically multip re 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 and thus to the pawl
or pawls, can be provided by any one of several mechanisms known to those skilled in
20  the art.
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 within the spirit and scope of the invention.
25 Having described my invention with the particularity set forth.above, what is

claimed is:
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the bosses around the wheel causes the tensioning means to pull the
actuation neans. 10. The thread advancing device of claim1 further
conpri si ryoasjozssdi e means, wherein the handle is adaptedrpro/usoxplse7to the
suturing device. 11. An thread advancing device as clainmed in any
proceeding claimwhich is made fromnetal, plastic, or froma conbination
of these materials. 12. An thread advancing device substantially clainmed
herei n descri bed above and illustrated in the acconpanyi ng drawi ngs. -117

L. A thread advancing device comprising:

a fixed housing adapted to be coupled to a suturing device,

an engaging means for engaging the thread, wherein the engaging means is
slidingly disposed within the fixed housing, and

5 an actuation means for causing the engaging means to engage the thread.

2. The thread advancing device of claim 1 further comprising a guiding means for
initially engaging the thread.

3. The thread advancing device of claim 1 wherein the guiding means is at least two

fixed blades coupled to the fixed housing.

4. The thread advancing device of claim 1 wherein the engaging meaﬁs comprises:
a movable housing, and , ‘ )
a plurality of blades masably coupled to the movable housing, wherein the blades
are adapted to selectively engage a surface of a thread.

5. The thread advancing device of claim 4 further comprising a means to selectively
bend the blades to engage the thread. )

6. The thread advancing device of claim 1 wherein the actuation means comprises a.
plate means coupled to the movable housing such that upon activation, the plate means
causes the movable housing to move with respect to the fixed housing and causes the

‘ engaging means to engage the thread.
7. The thread advancing device of claim 1 further comprising a control means for

controlling the advancing of the thread through the engaging means, wherein the control

means is coupled the actuation means.
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8. The thread advancing device of claim 1 wherein the control means comprises:

a tensioning means coupled to the éctuating means,

a flexible tube for providing axial support when the tensioning means is tensioned
such that the actuation means may be actuated, and

an advancing means for advancing the tensioning means.

9. The thread advancing dévice of claim 8 wherein the 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

thé bosses around the wheel causes the tensioning means to pull the actuation means.

10.  The thread advancing device of claim 1 further comprising a handle means,

wherein the handle is adapted to couple to the suturing device.

11.  Anthread advancing device as claimed in any proceeding claim which is made

from metal, plastic, or from a combination of these materials.

12. | An thread advancing device substéntially claimed herein described above and

illustrated in the accompanying drawings.
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