APPARATUS AND METHOD FOR TI SSUE CLOSURE RELATED

APPLI CATI ONS [001] This application clains the benefit
woboprnswmnsty to U . S. Provisional Patent Appli ce¢T/o82000002204

60/ 763,038 filed January 27, 2006, which is

I ncorporated herein by reference. FIELD [002] The

enbodi nents di sclosed herein relate to a nedica

device for performng a procedure on tissue, such as

bony tissue. Enbodi nents disclosed herein are

appropriate for sternotony closure, anong other

procedures. More particularly, enbodi nents disclosed

herein aneg PH‘%?I OB

a suture nee Hdurl ng%gr not g?yl@g sir)%t{}?gﬂ' an thods
for using such a device. BACKGROUND [ 003] Surgical
“procedures presentRERAFINAPPEAGAITONSh can

conprom se the health of the patient as well as the
[0o1peal t h @histdpplicaeidh claimpthe bessit ofpdiorit 6y UsSo Beovisismgi Batbnt
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refexﬁnea: notorry, a surgl cal procedure in which the sternum
is divided with a device such as a saw or ot her
suitable cutting instrumengggrA§ter performng the
ster notorry the sternum nust be re- approxi mat ed. The

di cal of | ona es
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Y Cerhati | nat1 on Fess
her@m eleluswulrﬁr m¢dn¢r1uemtb1nem§ cantril ofg Slsttl@elee@laléhreng Steraotomy

clostid, gnchﬂ)@/thgﬁ’mt Gﬁﬁé %h%ac%k'ﬁeand wire) suture is

manua rawn through both sides of the sternum so
that sufficient length of the wire is protruding from
both sides of the ster RHBREFRQYEPe is no | onger any
slack wire below the sternum After renoving the
[00xeedl e Sumival bs)cwﬂures present mealy calllepges vbddi con abmpresgtise the

heamgﬁﬁtb i Ay apase ol evmaqcaqw&&qmme 5%5 9&4, WirLi€ar

elr S or OI‘ ceps, repeate .
progediiss.isngh @mrdlmsmzm and prdumonggtensy.caceash tb thaorgaptihaanerally

gau{eﬁ a@@én‘uﬁ@tlny af su?‘@bél%ro&@ﬁ}@% WhlEthét‘ﬁ&h&lﬁllS divided with a device

professional "then cuts the twmsted wres to a desire
such angsay errihersaidable pustinginstryaend. Agenppriprinig thagpmotogy, the

sterhﬂm%x@tibee&daipm‘xuwsd WrkSBedibdl gramn&wsﬁalmsﬁs tR&ternum

re- approxum es of the sternum so_ that the
ﬁnleﬁf@eel pegdls wih & sharp gyttipg,point onto which is attached a suture

comprising a length of relatively inflexible stainless steel wire, or alternatively, a

combination of stiff stainless steel wire and flexible stainless steel cable. The wire (or
combination cable and wire) suture is manually drawn through both sides of the sternum so
that sufficient length of the wire is protruding from both sides of the sternum and there is no
longer any slack wire below the sternum. After removing the needle from the wire, the
medical professional must manually wrap an end of one wire around the other wire either
with their hands or forceps, repeatedly twisting the two ends of the wires around each other in
a helical or spiral manner. The medical professional then cuts the twisted wires to a desired

length and uses surgical tools to bury the sharp, cut, twisted ends of the wires into the space



wire do not poke into the underside of the patient's
skin. Typically, between six and eight wire sutures
wae@7pmerd in the sternumin order to cl ose tPET/US2007/002204
sternumalong its length. [004] The prior art
sternotony closure procedures present many problens to
the nmedi cal professional and the patient. Mnua
suturing is often difficult because the suturing
needl e nust be forced through tough, dense bone.
Manual suturing also involves the handling and
- mani pul ati on of a sharp suturing needle with an
instrument such as a needl e forcgﬁﬁﬁ}whlch can .resul

betwiegn the Lergpproxiftated sdgesttpesiernua $P ecarpy ﬁ\ftoﬁx@ﬁe%ends of the

w1re$érr@>€?ﬂ(cﬁnﬁrth@m{&%ufe &ty BfientOin grﬁmmwnsetwaén Jik 8id eight
I n t he sur eon st af

tio
wire U AFS Pl B ISR dhoreRT PSBRE NP En PRI
chest cavity underneath the sternum and ribcage is
[004bf t en dTh¢ prierlart stavaotamiywinsdre pFenedergapyshant many problems to the

med%‘é%i’égﬁgﬂl Lié{d th IBQU@(H r g%ﬁgzhl rgH?ﬁ'm %Inldymlcblft f)er{?nbee th?] suturing

st er num upwar d a suture f
needihhmuigdgdorepd teouel tongh. densh é?neh M@Fliahs%lilrgm -'ﬂﬂ$oclam1ves the
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required to penetrate the bone, In addition,

nedi cal
foregpsowhish icamesslt WyiBadyerten. accidertabyeedisaricknthmpush @tsurgeon sor
nursE Wgﬁﬁv@éj ESQE@a pbteh e ridk Bﬁﬁnfecﬂ&d fliRe Jubsbdn Stbiee st UardPatient.

ris otentially fatal bl oodhorne inf ections
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St ernotony C osure;
strugwier pRGeRUSISE @seiigus apd ol @taémfe%@phod and U. S.
Pat ent No. 5,830,234 entitled "Method for Double Wre
[005Pt er NOt GFr Htliternbtomydutured forideBy Médica chﬁ'&)éxonals are described, for
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teénsion to the sutures
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incolrated by %éf?ljenc.%lﬂe%l'l ﬂ\gthWr EKhrENse PR ﬁgm sutt|.lﬂ"3s require the

entlret is hereb Yy |ncorForate y re erence
mediga} @mﬁeSflee@]to Fie ke fipggrg ogpanpshiootsia mapipulade the syurggagd to

prowdlb Ao ppedpriafe®indint SPBMNiIGH ShafifurBEIAQddition, U.S. Patent No.

6,923,819 discloses an apparatus and method for surgical suturing with thread management,

the entirety of which is hereby incorporated by reference herein.



for sternotony closure that is safe, reliable, user
friendly, and effective. The present invention

w@e@viosksss a sol ution for this and ot her probl eP&T/US2007/002204
SUMVARY [ 007] The purpose and advant ages of the
present invention will be set forth in and becone
apparent fromthe description that follows. Additiona
advant ages of the invention will be realized and
attained by the nethods and systens particularly
pointed out in the witten description and cl ai ns
hereof, as well as fromthe appended draw ngs. [008]
To achi eve these and ot her advantages and in

[006hccor dadBus. i if Bvidens thagEsasis ageed Wahe #f & @p gRpargys and method

for s%ém&@h%‘i:l&ﬁfe%&us 5418, rbIBRNLicP RridndE), BAESTRAVAPPRY Sresbnt
nd nmet hod for _joining tj ssue, such as bony tissue.

‘"VCAE%Prd’P’WﬁS ?6015"3%@5%1“1* md Rty prediemer ef n, there is
provi ded a device for joining tissue that may be used,
for exanple, for sternotSuyIMARAPProxi mati on including
a pusher assenbly, and a cartridge. The pusher

| [ooﬁssenbl Sthi ﬁﬁrp@séjiddva%vé{tggcg)éfﬁl@%&gntflﬁ\%'ﬂ@n d,m u@sé 3t in and
drive nechani sm at di stal end drive

becwwpwr?@t fpmibe descrptinstiat fg"%fp a‘bq'%tlwl ?@aet&g%?d?fyhe invention

w111%@9@£iz@@axﬁfﬁta‘ir@ﬁ%'tﬁkgm@th§&g 4! s?ﬁerﬂ?ﬁml@ulﬁ}%v pdifted out in the
wné%{ nted end and bl unt end about  a rg%@tlonal axi s.

elegegiptipp a@%clawa hegred: ag Wil diort (he 2RRAPSPETAXNESt he
suturing needle. The cartridge extends froma distal
[008¢nd of &ocahievé thgee dvdladler ademergbs anddn dedosdaned with dlid yurpose of
e
the gn&%rgfo a%scéen?bvadtﬂ% h%?% t\%l{e}nr@e@g)lngcc{lu@eg %‘{? E‘Eﬁﬂaﬁege 29}%% eth@d for joining
tissyso syvhed bemytishic.t Aecading td WCﬁeéuﬂB@atcéhqsﬂef thergh$ yrovnded a device
for _B?ﬁlll% h&ﬂg %a‘t’"*‘nta? bE ugéaefo? %9&@;?1& ' fXxestg}HH\%Wyg'eQﬁu%ﬁﬁnﬁﬁg mcludmg a
arter a co

e rotatlon he sut urlng needl e about
pushes assembhit. pphakariidas. The pesheressembly dasa ddve arg exigpdingdren a

drivelsBEt LRN &ivERHMHEn AR Yt Riskd OYd S8fe liftvd 1. A e & e L2Bhanism is

Is controlled by an actuator that nmechanically engages
copalfieo el g AbEHATERENG SRR S ULANE PEsUn M EmEPIpK ond and a

buud rehéf sbdiﬁah@cah&m ai@.e'[‘ﬁ@%rtrri@ﬁ@tdcﬂ@ei HprofdetiVe hdiging@ad ke suturing
out the rotati

| axj.s. 010] In a r danc
neev“ar {herargiise PR ShO gl 2 %afmdge el atseimhly P?‘S@e
relehablylutachedgo thesdattuitpdlgoldaadiemblihat can be used, if
desire, for exanple, in sternun1reapproxination The

[oosﬁa” ri dQﬁaa dm@%mﬂ Qﬂmerra e@%ﬂéﬂ%m@exﬁﬂﬁvg biRfAARRd ofhe

an outer wal ousli n
suturmgmq@g iszprefierabky pasitioned withisrtheprofective I@qvémg@e@rw’d after a

comMR8E RRMidnE R AChe BRIE HbSut iR rbRWSna asz@r l‘/ﬁﬁ'ecﬁ@F RE desired, a
on the track during a revalution, of

remgyAy ?1ﬁ§Ff§'é‘d‘I“QdulTﬁ@>’é’S PEViIdrgdn therdenice ﬂraﬁ i cqaalicskpy an actuator
thatFRhhMERAYRzhfRGhd drivchRafd QStatgtht daive sHARGINA @R &ivielfechanism,

thereby rotating the suturing needle about the rotational axis.

[0010] In accordance with a further aspect the invention also provides a cartridge for
housing a suturing needle that can be used, if desire, for example, in sternum re-
approximation. The cartridge includes a housing having a curved shape, an inner wall and
an outer wall. The housing also includes a track in the inner wall of the housing whereby the

suturing needle follows a curved path along the track during a revolution of the suturing

3.



track, wherein the housing shields the pointed end of
the suturing needle during at | east a portion of the

wo enalosdeddn of the suturing needle. [0011] | n PCT/US2007/002204
accordance with another aspect, the invention further
provi des a suturing needle for use, for exanple, in
sternum re-approxi mati on. The needl e i ncludes a curved
body having a pointed end that is protected at an end
of a rotation cycle and a blunt end that engages a
suturing material. The suturing material preferably
includes a flexible | eader engaged to a wire suture.

0012] In .,accordance with still another aspect, the

necdicy, DA SETIgS BUPARRC AP 1B et Bt e Oogghat nfapepts te
tracl@ST}&E@ﬁ guiem\onﬁngapﬂaximq)bim eéfﬂhﬁ ;]}Fé&hhmﬂg nell¢/@@ng at least a

rel easa engagj ng.a.cartridge having a protective
portwagg ?fﬁde‘é%“% ‘gfgb%%t‘r‘fé"gd’@gﬁlf"e to a cartridge hol der

assenbly of a tissue closure device. The nethod
[001flir t her Ini arcbrddacs, with aritheg asrset, thiegryratien fsiberprdeidetesuturing
need1&i0r gk, tf&eex‘é@n'bte'f‘ 96 n &R Ye bhiRomitalbd. "Ehd 1R Hk ‘?%cth?de‘é d¢aRed body

an aperture in the cartridge to be disposed between a
having p ppintgdradabat inpretectsa @t a1 ohd b e refaliemensin angdfa blyng spé thap

engd¥Rs & 5QS/RL makeihl. ?ﬁme@uﬁxﬁh{g tnafdr I PefBrabM BlcRidEs 210G IGer
end of the suturing needle is positioned within the

engaged {Q2 Wirg UMEusi ng before and after a conplete

rotation of the suturing needl e about a rotationa
[0012Ki s. Theawstdaock witis still awithed espeets theviatention provides a method for

join%lg%%gureoglicﬁ aggt%yxllu% 2 l‘o?cg :E\t%n.a lél§n|'1<a rodalﬁag&tglrglcésgglty engaging a
rel'easabl’y engages the suturing needl’e to cause
cartridgedtal wgal proevtérehousiog anheswurting nendlete e dirtridge hokier adsembly of

a tis@t@ecg{»ﬁfee é.vﬂ:et H‘fxe% c{di fqgﬁer_qlgﬁiu&g,v?ﬁgiﬁgkﬂeﬁﬁﬁga&ju@device
nee et rough t he Irst side o e | Ssue segrrent
havigg thenartrifggyand the suiptirgnaedicde catise an apsrtyeaiinttee ¢dnigidge to be

dispotHdWebi@n REHE e M QUG ora el drh SLermdd 8 Qsul Rbd diSSHSuch as a
segnent. The nethod further includes using the device

split ferpyRpleareing roiftedend ofithr yfpringacedle rrpsisicaed withiple protective
housih® 6&BreBd ABBE a cdridfldBrothiion & thOsudd@ing el s bbaH alrb@tional axis.
bot description and the

h the foregoi ng general

Themﬂvmqwnaléﬁ%ﬁ Roltetiegn Ffﬂﬁfr?laﬁ mordilecouplpf 4 Pusher agsenbly that
relehsabig ke gaket ﬂmlepshﬁwing Reddlé fd’@ﬁshe&)ﬁfﬂtiaﬁaﬁﬂd%m@ﬁt dé' i@ suturing needle

i nyention clained.,[0014] The acconpanyi raw,n )
aorc g ApsRe i b6 PR Gidse 200 Ayl e GG g DRt Bl predistside of
the Sp3ecsdgmeat anglmullargen suncingdederial attddhud to tht sutarink predieithi@ugh the

fur, 4 S i n f met.hod and . devi ces of

frst e e OUERBRE ARt e TROEES 1R eV RS0 Shmptere a
stitclirtlrai ghythe seqond side of shisltissue segmendr i nci pl es of the

i nventi on. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0013] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and are intended to provide further explanation

of the invention claimed.

[0014] The accompanying drawings, which are incorporated in and constitute part of
this specification, are included to illustrate and provide a further understanding of the method
and devices of the invention. Together with the description, the drawings serve to explain the

principles of the invention.



[0015] The presently disclosed enbodi nents will be

further explained with reference to the attached
waelec@niosegss wherein |ike structures are referrepCT/oSi97/002204

I i ke nuneral s throughout the several views. The

draw ngs shown are not necessarily to scale, wth

enphasi s instead generally being placed upon

illustrating the principles of the presently disclosed

enbodi nents. [0016] FIG 1 is a pictorial view of the

mai n conponents of a tissue closure device provided in

accordance with the invention. [0017] FIG 2A and FIG

2B are perspective views of a front end assenbly of

the tissue CPRUF DERCGRELION QFTHE DRAWIRGS- ¢ 34

shows an expanded view of a pawl. FIG 3B and FIG 3C
[001Show an Tax pesetely disdbwed Embodinmehewil bes Gy expldihed Wigh reference

| ace. 019 FIG 4 sho e ded v
to t}% a\é)éa?;}an?ré 6}0 wm Slfle & e(l_)ns il}#e strﬁlgtua?s are V\%ed%g]to Ef @_:‘E lxnergl%wlroughout
the me&peﬁvs v’éha/drawmgfs shdven arelnat nacesselyfto guateivithrengthasis instead

eendiuAPHENS bOSHE BRI E L B oEERBREbLhO IS RHENGca

ass re Sectl onar Vi ews
embodangntssue cl osure needl e and the pusher assenbly.
[0021] FIG 6 is a perspective view of a cartridge

[oo1gp! der &SN ¥picoraN@ewios Héankih 0SHPShHR\F & Bissie chdslere device
0022] FIG Z shows an expanded vi ew of a needl e

proYfg?‘{‘Plaﬂb‘Eda"[ceﬁ’Zt Jtherin¥enti®R. shows an expanded view of an
anti-rotate and | ocking bar. FIG 8B shows an expanded
[0017] ew of Elfie2AehdFllGe2B ord pegipectivicorevef oftafeona ptd asserhlly @f the

. th respect to a suturing needle
tm&%ng d§5&ﬂ£cﬁ§£ P% cartridge. [0024] FIG 9 shows

ose-up view of an alternative cartrld e | ocki

l“‘ﬁbc hani d¥udpishovngn expeedsdadensf epprin Kl 3B gad F{E3C show an

exphritle@ vidheofeasushérdg@nitdy dah tRSHNTM Matdist ead of a
| ocking bar.[0025] FIG 10 shows an isol ated vi ew of

[001t92e car tFrIbdgghé\Qs tg(nl er;(%algdeﬁ v?gw 51!' dﬁgdetg$ cgl)sure needi]é

ows a cutawa
FIG 9 en%a ed MAth t he Iocklng pln recess of the
[0028hr t ri ddde ?eowperﬁmatquwymfme relaEve eitficheptipn af @ Besug glosure

nee@E WithGesptdt 18fhe 1Bh&aQEniBY. PLE.fACH AN IG. BE & 84Li6nal views of the

cartridge.
tissue closure needle and the pusher assembly. :
[0021] FIG. 6 is a perspective view of a cartridge holder assembly of the tissue

closure device of FIG. 1.
[0022] FIG. 7 shows an expanded view of a needle cartridge.

[0023] FIG. 8A shows an expanded view of an anti-rotate and locking bar. FIG. 8B
shows an expanded view of the relative configuration of the anti-rotate and locking bar with

respect to a suturing needle housed in a needle cartridge. .

[0024] FIG. 9 shows close-up view of an alternative cartridge locking mechanism
utilizing a retractable pin incorporated into the cartridge holder assembly instead of a locking

bar.



[0028] FIG 13 shows an anti-rotate bar w thout the

| ocking bar feature, which can be used when the
wo o@Riosegopi N feature of FIG 9 is incorporat edP@TUS20011@02204

cartridge hol der assenbly. [0029] FIG 14A shows a

perspective view of the relative configuration of the

needl e cartridge with respect to the cartridge hol der

assenbly and the anti-rotate and | ocki ng bar before

the needl e cartridge has been | ocked into place. FIG

14B shows a perspective view of the relative

configuration of the needle cartridge with respect to

t he cartridge hol der assenbly and the anti-rotate and
[0025hcki ng FRGr 1@ shadys anHelatebyry of drecertides eking einPiFI6k 8d

into place. [0030] FIG 15 shows a suture retainer on
[0oZshe top RGdel @l{owslmcuwdyrdxﬁgefthu s&xtridge 16w pihef BUG.Y éngaged
Wrﬁg?rga amg% ?q%} g eedle drive armand paw of
with Yig Torking AR ey t [00311 FIG 16 shows a

rear war d- | eani ng perspectlve view of the front of the
1002Ghr t r i G- 12 slesithylockiag pacreesss of FiGhal 1qutthe proxsnad iswrdace of
the&%dﬁhghnééainto whi ch the suture can be placed. [0032]

17 shows the suture material in cross- sectlon
aced hipn the recess of the suture retainer

00| & 15 Hrbog 8 siorsantao iR MAD 514 oehine par e ebich can be
usedahén thd geckirpohis Bdatiir€ of BLGL Mie incofpoHtéd indkbthe caueiRkeihbler
ass Qﬁ detents of the suture retainer projections that

Kol the suture material within the recess. [ 0034]

FIG 19 shows a needl e brace that can be installed on
(00¥he needilE- d4A showrepdrsrsatiYehdew of thedelatiyestonfigeratidrmefdhe needle
cartﬁfigé' @ﬁh F@Bé& kFge c{ng'%%]hoﬁeghssgrgb1§Qﬂa\fﬁ16tajﬂﬁ~r9§%delnﬁ 1@ ar

i nstal gainst the needle cartri

before meeqﬂp @“%6%6%@"&0?‘@8@‘9 @%agfp eBlG- 1B shavys epgrtsmstwe view

of theedkife B&rﬁ%@rd@i@n Gf fae nb&iié Baﬁirﬂigle @Gt rBspeft@o %rc;af'd"ld&,eholder
reveal i n 0Si |on|ng?ha&acent to the blunt an

asseﬂmlhe%thgﬁa%-r oA lgtsingropheytsh dieicadie carradee hep becnooked into

placchows an alternative design of the needle brace of
FIG 19, in which the stop at the pointed end of the

[0 ﬁgedl e ciﬂ@i 55 gl?&vsaa Julttﬁ‘é 'ré?%\l ﬁerto%qm %glgsgég of it cghgdée{,] used to hold

curlng t race onto the car ‘
the suture material away from the needle, drive arm and pawl of the needle pusher assembly.

[0031}] FIG. 16 shows a rearward-leaning perspective view of the front of the
cartridge, revealing the recess of the suture retainer of FIG. 15 into which the suture can be

placed.

[0032] FIG. 17 shows the suture material in cross-section, placed within the recess of

the suture retainer of FIG. 15.

[0033] FIG. 18 shows a top view of the needle cartridge and suture retainer of FIG.
15, revealing the detents of the suture retainer projections that hold the suture material within
the recess.

[0034] FIG. 19 shows a needle brace that can be installed on the needle cartridge

from the outside/distal surface of the cartridge.



[0038] FIG 23 shows the needle brace of FIG 22
installed onto the cartridge, showing the flexible tab
wa pappedodnt o the point of the needle. [0039] PCTRAUSR0%002204
shows an el ectronic nodule of the tissue closure
device of FIG 1. [0040] FIGS. 25 A - H show various
perspective views of the electronic nodul e of the
ti ssue closure device of FIG 1, including a left
front perspective (A), front perspective (B), right
front perspective (C), left rear perspective (D), rear
perspective (E) ri ght rear perspective (F), top
%erspectwe (G and bottom pers ective é%
(0038} G 26EIGF?Q§h°?e§1%mdP|b@°e?éE ShbWnyR ag@fﬂShthf: P%%’e
cartGdi@sur e device wherein the electronic nodul e has been
encased in a hou5| ng. [0042] FIGS. 27 A - F show the
stall 0 t he funnel .into bac nd of
o0sghncie STOCEL Mol et igtseE v fing RSt Bt ptates
in theicatiriddee rdyaaling| itsgiositibaing adjdtat (qﬂthahhlmD)r;d nohm;ecf emia ef thien
within the handle (B and E), and the
Suwglﬁ%h%érdgéqm c nodule of FIG 24 aligned with the
installed funnel (C and F). [00431 FIGS. 28 A - F show
[0037kr | ous F§Er Zhehemisvae alirmaiivegiesign of thermsedle bracepfFIGA9; iy which

the &t Jitélﬁé nted BRNbNGe hB&IIE Eipr(séy a NELiPBYa Rl)nchrc'aﬁﬁfd i® k&ring
t si 1n’fg(D) top (E) and bottom (F) of the

the?rﬁ?ﬁw%mﬂ'[e(fﬁ‘&ﬂ ¥1G 2 9 shows the electronic nmodul e of

FIG 25 show ng an alternative arrangenent of the
[003gbwer afliGaz23 stmivisahe trediednzcafi HFIGNAL tatalled WEDtE. daBOdgs]

shofih gtheﬁemgv% A EYAARIpUhER Gl ndl ve el and a

rive pin penetrates t e stop plate and
des in_a "U-shaped" track [0046] FIG 31A
[003'3118 an&1E ¢4 shops aniplastrerig oadule P hectissuselpsuge %Wéﬁecﬂf FIG. 1.

the main conponents of the tissue closure device.
[004P047] FIGS. BRA -sHGWSw afamarrb:ed;bmwb vidwsafthesseteronic module of

the fr:xr‘slgfqe (L:Jl{)sewrg c?vqcee tkig@ A élrme: u%mglglsléstl %rggéé? :I gc\%é ALjI fe ont R(gs%cctlve
(B),vighwfroft perspedtive (Chdeft maup@spectiee (é))dsao;ﬁertmemte\/@) right rear
. ture material.
per%ﬁ’% %F@%ﬁ?gtﬁr g@ﬁg{}vﬁ%‘% %@E&P% ﬁg’ construction
t he %m nted end of the tissue closure needl e of

l"ﬂ‘&l G 4, Nt Foafd 2B ang Bl G ot Gehavn Weys ot tssupylosyrg device

whedig ki eddctrbhie nfuduky has bestddndied idg Rbusfp), and t he
resul ting shape of the needle point (C. [0049] FIG

[ouﬁﬁ s hOW%Ié di'FR‘?-Sﬁ B S BRRS 1RGN BE B2 Rliihel ihtd TP BEKANSG of the

| osi ng
handle of the suturmg device, with the funnel aligned with the barrel of the handle (A and D),

the funnel in position within the handle (B and E), and the electronic module of FIG. 24
aligned with the installed funnel (C and F).

[0043] FIGS. 28 A —F show various perspective views of the funnel of FIG. 27 in
isolation, showing the rear (A), front (B), right side (C), left side (D), top (E) and bottom (F)
of the funnel.

[0044] FIG. 29 shows the electronic module of FIG. 25 showing an alternative

arrangement of the power and actuation buttons and indicator LED's.
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sterile needle cartridge of FIG 7, and the suturing
needl e and attached suture material of FIG 32A

WO 0@50%96p3 G 35 shows an enbodi nent of a ti SSURCT/USENT/@2204
device of the presently disclosed enbodi ments. [0051]
FIGS. 36 A - C show front perspective views of an
enbodi nent of the suturing device of FIG 1 with
needl e cartridge attached, including left front (A,
front (B), and right front (C) perspectives. [0052]
FIGS. 37 A - D show ot her perspective views of the
suturing device of FIG 36, w thout an attached-

cartridge, including left rear (A5 right rear (B )
(0045bt t om %éﬁ é%hqwn(e@)argfélrvg%ef 7 Jidve Wheshang a stprplatzg A drive

pin pORWGted tHeWidp Rt SAPAGLR A UNhapedit@8kle Cl Osure device
provi ded i n accordance with the invention. [0054]

9045 car 0K b et T he Ry ool ek S st gl ol brine

maid componmnthenftid G5 e Hbhre dévighows an enbodl ment of a
ti ssue cl osure device placed at a sternotony site such

[00475‘ at t h Q‘I@e 3?& %héﬁs Qfﬂér}% éhtfolf b %Esu% 'c%%ux%@\%(ﬂe ﬁ@\gﬁ)gnf#ne tissue

It sternum
closa!kﬁ)w@rp a@ﬁﬂriaf pitagheft ety %?2}3 éhQVhS We@émﬁeldyww of a crimp that

houtdshd BRR G BRIAE iR Ss thX 108k a BERRIJIRRsEILA Mal}isIo
contenpl ated, as noted in the discussion. This

I I nb di
ool 0L PR AEE R Vo UL B U e
closupthdei ol FoGs 4.avich teldsthibmtion of thafadets (deMhs enplbyf thhoster
O . . q
i RS0, ARl Sk B AL R 260, 20
enbodi nent s. DETAI LED DESCRI PTI ()\I [0057] Reference
00481 | |  noWIGe 3dulerevs sdigeasable persr epbpiasticddm pagkagespelaging the

sterfl T RQKI R Obf KIE 7, RVEME s@rin @ XIR 28 a8hichol s&tlredfiferial of
illustrated in the acconpanyi ng drawi ngs. The net hod

FIc;a'r:?&‘d\:orrespondl ng steps of the invention will be
described in conjunction with the detail ed description
[0059] t he SBIL 8fshdv@OHBImbBddéncieof ¢ ssuanbbsueidavidsof the presently

disdL £ eRLES gL ei n may be used for tissue closure. The

[0051] FIGS. 36 A — C show front perspective views of an embodiment of the
suturing device of FIG. 1, with needle cartridge attached, including left front (A), front (B),
and right front (C) perspectives.

[0052) FIGS. 37 A - D show other perspective views of the suturing device of FIG.
36, without an attached cartridge, including left rear (A), right rear (B), bottom (C) and top
(D) perspectives.

[0053] FIG. 38 shows a further embodiment of a tissue closure device provided in

accordance with the invention.

[0054] FIGS. 39A-39D shows the operation of the driver arm in the cartridge holder
assembly operating in a rear drive mode.



present invention is particularly well suited for

procedures involving bony tissue, such as sternotony

w@b@s0s®ws3 As depicted, the disclosed tissue cPOFUSE07/002204
device, or suturing device, is a notorized,

el ectrically powered apparatus. The power source can

be battery or standard wall electrical power. The

ti ssue closure devices disclosed herein advant ageously

prevent accidental needl e punctures to the nedica

prof essional and readily and easily drive needl es

through bony tissue, elimnating the need to manual ly

orce the needl es through the bone. Wthin the context
[0056]f ster F&?OWSWP’@@B eEbo mentpiacisseedonus fevis st ete
steriidd@n {1 Sitd $uch ficht 81d]da¢ieB s DeeHEAlaSiraniiesnt WGk ebna Sided@ Msplit

i nadvertent needl e punctures during closure and
Sterpily| i cat es the standard sternotony closure techni que.

In so doing, the disclosed enbodi nents provide easier
[0056nd nor &Viileubnebavandentified Hamwings stthfertivpreseroly disclastéd abl e
embSQ n&agt!hgpexﬁ\ﬁr}dﬂhéhtg & a&g%ﬁxtxte&\gf{i\tetdyas x{oft%[ 1“%(: dﬂ%tsﬁgy ' This

produce tissue closure in I'ci ent manner
dlsc@@uqerpéespgﬁ ildustrative qnmodgnﬁg]tselm sy ofgeprestntation prd got limitation.
NunfF SRt G5bdifidal o oM h R dirh FEMEn B8 AR b Hfj gﬁlg? W%%le art

sternum open for nore tinme than necessa
whighgfieH ity s spers agl spirit pEibe pringiplgy plihe ew%ly scidsed
embBigsRt | y di scl osed enbodi nents are shown general ly at

50 in FIG 1. The tissue closure device 50 can be

usedto produce a c ' onmonl y, an

i nterrupted suture8§§%§g$#§D§%§B&B&§Pgéure of the

sternal halves after a sternotony procedure, for
[005gk anpl e RefRsenge piik new be trade dredag! fodhepigeang piefasted embodiments of
the llﬂa&ﬁ%ﬁ)/éﬁﬂigﬁ" %@w?:ﬂﬂ%?@ﬂM§tr§&§fngﬁ]@&05ﬂp§{y?ﬂ’geﬁ}gwﬂ%§ d*l‘ﬁe method

uri

unct ur es ternotonﬁ cl osure or other siml
and B?Yesf‘éea'm'%%stemf neentiga wil) &e ée%wdavmcem@nﬁwlr\@ﬂu@?ﬁgtaﬂed

(hgﬁbﬂ&ﬁ@fme@ﬁﬁghes and wires and replicates standard
. sternotony) closure techni ques,

tissu
[0058} eaS| | 5 g?Y%g‘ﬂﬂ BEHIoS PIeRTRIIFTE B ey b8 s tor agsusewévre The
pres‘emsimtentxoﬁ Bysmrdutaniyvedli sugied e pﬁﬁ;@ﬁhr&@mﬂﬁlﬂﬂ@ HoMy kigdu6 Ssuch as
needl es hro i .and g rotects the

sterigh iy ERAER . A IR, RPN s P SR P P ghfevios is o
motorézed] deqriced lypoesredusppargtus. WB&JﬁcBNer[s&ﬁG@ﬂ:arR&f Iﬁftéﬂyrtg stafidard wall

elec?’é:gl&of}lﬁr.te Eésﬁg E}%s&nL, 98 \gc[:?s (ﬁ‘%g)s&? ht?l"éla agvanlfagggltls{jljé Prevent

ectronlc no
accigenédd ngedle amoétlretmﬂh@mn@p@irprmssmnbh@ rgamllv apdxasly, dras needles

throﬁ(@lt% %15?&?9%&1?@&& Gk el éosm E’l‘é}rﬁﬁ&ﬁh?ﬂ%&dﬁsﬁ% ugr%%gﬁa% bore.

I NC es a s runs t
Withja élrrq qegtextief sieraote®y c!mareathd rdussz@swmyﬁces Vrotmzt theihgart pidhadjacent

vess§§ aﬁ{i‘ gﬁﬂﬁ&e; f6mAhdNErtiM %@édl@gurﬁﬂj%s%?ﬂg cfbsM% %nd PBfii€ates the
hole in a drive plate 80 t

Sf-anql% ﬁierr@tmnxag@éwfﬁ feghrigue. ﬂﬁée Heine; ﬁh@ d§&\°ﬁ%£"é"‘6’8“*‘a@tt%l’f8§1de
easié anld Pidr€ ALémenamigulA108 o BieWa ot Wige/&bRi: ol bid Riof Sviditfthe chest

.1 he . . .
cavity or other anatomy, and produce tissue closure in a time efficient manner so the patient

is not subjected to health risks associated with having a tissue segment, such as the sternum,
open for more time than necessary.
[0059] ‘The main components of a tissue closure device of the presently disclosed

embodiments are shown generally at 50 in FIG. 1. The tissue closure device 50 can be used
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drive wheel 67. The bearing surface 68 may be any
| ubricious material having a | ow coefficient of
wo eooctoswns for exanpl e fluoropol yner conpoundsPELIUR208%002204
t hose including polytetrafiuoroethylene (PTFE). [0061]
The electric notor 61 preferably is conpact yet
powerful. In one enbodi nent, a DC notor can be
selected fromthe Maxon RE-nmax 29 series, for exanple,
commercially avail able from Maxon Preci si on Mtors,
Inc. of Fall River, MA. Mdel no. 226784 can be used,
whi ch wei ghs 159 grans, is 29 nmmin size, operates on
9 volts, can generate 22 watts, and has a no-| oad
to pgﬁﬁé%ﬁ gg{tan@usopr mgresomppnlyraR n@g&lptqjios)gtlgg s¢astogaable closure of
the S&MEHaBs b sié@btof P N cBure! o€ e & Seacpigeed RS0 isa

series, which is 32 nn1is,sufe. Model no. 166943 can
motprzeds RRjteryyAp e e arpatatuy degigrcd tRaNrgHeat negdle puackires dudngas
sten]?ota;aﬁ bﬂosg@&ﬁ' oﬂﬁngflﬁﬁi?ﬁﬁk_ol&@iluidg: Dle0i26 3D ﬁésvedﬁfeiiﬁggls diositrb@sing
r qnt n SSe .1 NCl Udes. a pusher asse not
staniog e 5 e Ses e oA HUICREH a0 rtt yermomyh Hotuns
techplimber Dadsesbiagil dbva ndédissahmiugh bhiatashalisR Silker dEdué hus
haf

el RGP P oeiFs BT ehity Shoelifiiiyoisgs thdear

and etijfpedrs vediels dnd steacplrag feorB (hadAerrvaenkdedleqainttuted glariff) closure.

[ .0 I b
Il e
electronie mixidpler§l) inplgdin8la Rty pagk Ghdn FleGric2®tahhwanta géar bnxk 59, as

. i ' : 7
wel%@léﬁ%ﬁmk{grl cfcé) T%@eﬂoﬁ%9?ﬁww%cﬁ§ a @ﬂgﬁ t%ﬁterén%gol;gn ] stop

cartri dge r asse e attac

platg| p&ysoeapng syésa b8 candiardrivg evhaed 67hiAcriveauin 63 engnagey the drire wheel
67 4kl QHeh 6n DR Hafs Wi a }HP@inF&Ucﬁn%rplﬁéﬁ(?ﬁg{ ¥ past of ReLHASR adsembly

drive shaft 73 and a drive arm 75 that is in intimte

70. dbfidgeinasurice Hbagieain brcagng purfage hafween fisstaprnlafe 66 and the
drive kb1 63 BRIRGES: AurfBd 6$Ral Be blie1ueidives hhilia HlingQ 16We -

[ve %gatt 73 is rg*@tlon Ily attached to the drive
coefg{cmo ictigh dfr PREPE THOreRORRET sopRPRds Such asdhoredndlying
polttieaffubpiethydsnd (BEBENDI y t he drive shaft 73 engages a
y shing.located in t dri wheel 67. The riridge
004187 ey * ALSEREFY 3ot EFpfifably Riemoayes et oo ehar .
embodiment, a/AC amgtorcas g pelettedfromabsiaRbry RBanax 2 serigs. for example,
conURL PSR 3Bl pr BB A2 RE o ¥y L M it no
226 pperanrhy uped.t whigh avgighhd 59 eeinsels B9 nawin sige, ioperatepen Atvolis can

gené—ljaﬁ.ﬁgfﬂtlsg Ll}ag Hrn@gl)%i:sggéd xrahﬁg 3 @.rliPl\?.r The é@ar b£59 can be

m ni nma an vide a’re atively w de openi ng

seleyigd filat forl sxampler the Mexn CiparhsrdbBB32G earigs. wiickiisraminyis size.

Modd1 88! 16804 RBAT Bellisd, vhitHRasBeRALe Weddts 108 gRin0amhs a 103:1 gear
cartridge hol der assenbly 72, the space, for exanple,

redyclpRELR- a first side
[0062] As depicted, the front end assembly 70 includes a pusher assembly (not

visible) and a cartridge holder assembly 72. The pusher assembly has a drive arm that houses
a drive mechanism (“pawl”) and a drive shaft that runs throughout the length of the front end
assembly 70 and enters the drive plate 80. A needle cartridge 90 carrying a tissue closure
needle 110 may be removably attached to a distal end 81 of the cartridge holder assembly 72.
[0063] FIG. 2A and FIG. 2B show the front end assembly 70 including a pusher
assembly 71 and the cartridge holder assembly 72 with the attached disposable needle

.10-



and a second side of a split sternum and needl e

advancenent through the space during operation of the
WO 2®3089663 osur e devi ce 50. Al though the enbodi PENUS2007/002204

shown in FIG 2 has a plurality of support arns 76,

ot her variants include a support arm assenbly

conprising a single support arm The inproved view ng

ability offered by the shape and configuration of the

support arm assenbly 76 enabl es preci se device

pl acenment over the sternumin the case of a sternotony

cl osure procedure, and uniform advancenent of the

ti ssue closure device 50 after eve[¥ stitch to provide

cartridgeri0rvdtich Bengesshpdistueictosuigrgede 11t ethempshirgswabingl inglades a
drive Sl 730 aafiv GBS R $Eh SntRde Sdrtale WﬂhQﬁe hdeBIP 110 via a pawl.

i nadvertent needl e _punctures [ osur e.
The PGS HALL 3 gk @ ol P Srivea B St e Siadhife phisuonally
attadhed Ve dritd plarkesdd | Whedihe E]ed@@u@ﬂod\iﬂe o; mm&b Yhe front end

ssso PR 81 ST e G N oL PR Whes 67 iy prides

holdgr adémbly I2i($Hoxadih F1Ge 2B) inolud@d Bstaft Gairell 2 dndla. support arm

o LR T B g
divefgenCaes so h@torpmlud@art bEenp@Visrto w&q&ﬁt delvitoSthhringtitseperation. The
operpgo%g%ﬁragoﬁ BP gguggotrthe{rrrr]lbégﬁﬁal_rlmmmﬁ 11 bu tag;l %‘%idﬁla rel[atlvely wide

ubri‘co pro uce
opening 3% Sh@afflbnwah@n@énalamrﬂfesﬁgormb%@neat&svrm the aj39RTIREhe needle

cartf(Jg‘%fdo%li catfibediGi qer hb LB, 72%@%?5&&‘3?& @Qan'i;ﬂ@ tHoRldeha 38 side

fromthis materi al can rovi up to d % nor e
and g s¢apne) gidp g ppli stermpn p@f rredlgfadyansement dhreughtihe spasa slhring

operdB¥n H8hé ﬁés‘ﬁ@% ﬁ>§ur¥ defleas! %tm%ﬁ € efibsliRentifbwilin ‘i’*’fIGt PRasa

cartrldg der assenb known neans, such as_a
plurpfity PéPWW“@F“@?%&@& VP%%% gy HFHPPBT afR@sseagl smpsling a
singidWagport arh. IThe @ha,rm&d VedirlgyabARP Offtre@ bP @sd dhhsndlRdatig@hon of

capabl e of e t he sa plurality of slots
the SUPOTL R AIPTHOMA 6 TEblEBRrersF iAo acemeR T he Stsmupig the case of

a ste@@dtdmy dipeure @hﬁbeamasaﬂrmmm? ddvahbendit opthe SisileRIosergrRgrRe 50
0,to ret ned

bl b
st i s £ PR 3T PP e AT AN gE Gaheartand
adjadertt 9eselo and situsctmesfnommyad?}é’rt@m geteghsp\mbmreshhlﬁhg blsurel 74

[OOGQ]nd t heTgé ?lﬁg«ﬂ glllﬁf 0 Stﬁa]gz% Ti [%Sxp z}%gesnl‘)abqh( g% s \{vhere the needle

returning Ve
cartyideei 20i ip disperablytatiachodhElre mméleeh@Mgeé\ﬂlcommdul agci@Olar Bousing that

maﬁktfgﬁﬁk%%fta%uhﬁﬁe r‘léﬂ%ecﬁ&q e 9{@@11%&6%&@190{%1#8 {rﬂ eplaf5 3

oper engage t he rlve pla
Pref@fﬁalYa mnra)tbe sprtidgel98 ppsseprgmboth migilitg ang @Ao\amefﬁclent

of fﬂi_'dti@n t@ﬂe@uce@hé ' ﬂa)g»%r %aluk}@& i@@rﬁ&eﬁﬂ@n&ﬁﬁeﬂ%po@&ﬁgmh ¥t. One such

the cartrid hol der assenbly create a

mat B eI T AEomB TR2AT ePPRued by iGHoP Beras: mpelycarbonate

- contain@ig 102 giisd g SOPRTRE |('D§ﬂonﬂhﬂd bod sificork) COBstRbLiSe Mk Sartridge
fron} tli]ns matter?gllcg pxsol;lll € fox‘le gp to 20% more driving power at the point of the needle.
The housing may be releasably retained by the distal end 81 of the cartridge holder assembly
72 by known means, such as a plurality of grooves located along on the edge of an inner lip
in diametrically opposite positions that are capable of engaging the same plurality of slots
correspondingly located in the distal end 81 of the cartridge holder assembly 72. The grooves

when engaged enable the needle cartridge 90 to be retained by the distal end 81 of the
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the front end assenbly. The second Oring 57 seals
cl oser to the housing and seals the front end assenbly
WwW@g@ 084603 he nose col lar 157. The plurality of PQ/UBINGF002204
57 provide a sterile barrier to seal the device
exterior fromthe interior of the handle.
Alternatively, as shown in FIG 31C, a Teflon seal 57A
can be used, which provides for a nore durable barrier
to the entry and exit of fluids and other possible
contam nants. The barrier seal elimnates neans of
exiting of any non-sterile gerns, debris, particles,
etc., - fromthe inside of the device to the steri

cartriflgediolfier azsemply e OSSN BHID SRiNE Toweeges theshal Balaﬂo? 4 and the
drivé] bl@te Mnﬂh.@i@s&%ﬁﬂawﬁﬂ retirBiNg tRf eré%hﬁW 33‘ Sﬁck&ﬁ seBtity position

i ncl udi n as shown in | ocat ed at

suchthat whep, tngﬁwanég%é% 69 js affacheg o hﬁ fméerairf}%n'av AP s drive pin
63 vafi pto;p;erlp UBaRE ttﬂa&?ﬁzﬁ’@le&e 8@BLkhe &oﬁmaeaesteﬁd)tbt .t he drive

rm VO e no i s -
10063 i ven % bgstc?i‘?%'bf"g#fkb%ﬁ‘ %‘Q%ﬁﬁegg%v? g)@gs %n {p pusher
asseébmd&ﬁe éﬁrbm@b telder Bberhithl@ 72 oredth sepaistin lﬂirﬁ&llb ensure the

doviGE B8 By Sht? Bl oRrERET, b s O S sc B BB Lok Rhagt it

the fiomm gndragsemnbil ThEha:omé €xting 37 Sealsscidsor wable Baustgaind cedlathe front

end %%!EJR{)I@; ngQﬂatdtg‘%é&Hnguﬁrisa}P Ghi FJ u?al Bf§%?g 5 %% %gpv?dﬁsd'@é'rﬂe barrier

an oppos
to seal/the ddvice extetierrfeont the iaﬂerigrne‘dhfab@ndld YAlwmativelg sgsebown in FIG.

31Ct Q?eﬂﬁ?@a?ﬂﬂﬂ- Oan eSusk® %{I@rgpx%%dtsg]ﬁ)r anjl{?t; dﬁggle bisdier ;U]tﬁe entry

fea |ng end of the suturln mat eri al or tilssue
and gxipQfflwds and gl poasible ﬁ?raamwéméoifbe harrersigal dligynatas means of

exitil} oFRGNRIH-G&IE %er%s' H&:lrﬁg arfdIt Et@atﬁ'oﬁmeﬂh)! nnsﬁd@%f‘ﬁ&e(fﬁvﬂ:g to the
for accomodatin e su?ure mat eri al can be in

Ster‘feo‘?‘m%‘?OféHed%‘S}%eg%éf‘%l n the | eading end of the
[0068UT UT | NFTGRIR bhAFIGEC BivPasasdbdividvedgiind gishaftgs%lrmpgmludmg

« byl (e aEvE B THE St mphwhcﬁégsﬁ S 8 191l the drive arm 75

of therpabiesr akﬁemblyaSncars cahiddaddao enctdeive ahr 798¢ A paad yin B6Orhandedle
0068 further includes two

m“ﬁ@%@t ”dv o & “'ﬁg‘%{p E}?g*elpfgﬂ;gg| ong the radially

[0067ear edg?EG 4 slexwstaneendubgament oﬁuhﬁahrvb«btnss!ue choaurt miettje 110 of the
PSS SI TOe S BEPLI, A BHSp vors
matqmaThfsnfp‘dh 0o Edmedomg cirquies splituing defiding 28 apérturt éor gap) 111, a
sharg %‘Mt@d diP1127Ha of g?%‘?é bhde %@ﬁg\/ %‘n n@5&! 8&@3?9 a1' %ned axially

03|te to one an eacC a Eerpen I CU
with s o9 neseigrd s JaRatcaat e N pics Ekphe lepiag endREdbe suturing

matéHh! 8 isuetosaROY insbRedMintdkht BEreAg Y4 Bﬁ&‘?@sﬁé&h&f by ReéRAlcally
The notches 115a and 115b are engaged by the drive

crimpitgn AFERHY§ %R oreringder acspmmodgianaibe aévrea@,aé%re?d cgn hopin the
foma@phnegw whérbia theRadify dddofltRe 4slp0Ratdridl 9z UeQadded through for

attacmong itto t‘iue nge le f‘ lc()t Lf‘ en.%qe 81e needle 110 to penetrate to the required depth, the
needle 110 preferably has an arcuate extent between about 250° and about 330°.

[0068] The needle 110 further includes two symmetric notches 115a and 115b along
the radially rear edge, i.e. the edge proximal to the cartridge holder assembly. The notch
115b is positioned toward the sharp pointed end 112 of the needle 110. The notch 115a is
positioned toward the blunt end 113 of the needle 110, The notches 115a and 115b are

12



the drive nmechanism thereby causing it to penetrate
and advance through the space spanning the tissue

W@ e@nosdep3 such as a split sternum A notch 116PCHUS2007/002204
| ocated on the radially outer edge ("outer notch") of
the needle 110 proximally to the notch 115b that is
cl oser to the sharp, pointed end 112. The outer notch
116 engages with an anti-rotate bar located in the
cartridge hol der assenbly 72, whereby rotation of the
needl e 110 in a direction opposite to the advanci ng
direction or "needl e backing-up" is prevented. The
posi tive engagenment of the needle outer notch 116

locaigd oppepite e prg 2nothepreedehrving hieerprndifutar {abouf $Ghsesmentdndgn

anglﬁér}tse%eﬂ‘%%m%s Q&Jédgikgomsm%b Wxt'h'iﬂe P8R lar E%ﬁ.%l The

he needle 110 is enclosed within a cartrid

"Otcg?ﬁalrléa 3o Al iare sasaged by gheflsive gxqshadyn (pﬁmlhm?%ee r@ldge holder

asseR®S 12 £18 endble |tl€89{€£%§lc 116 td @{RFdoakotMoRa ﬂd@%meﬂﬂlﬁ%n actuation of
Rosition, the needle 110

position., In th
the ‘g HEIgFeegMEa; E‘f@r&gW‘t%f"ﬁ I} tR@epetrs IYFEVHEE é,frrﬂ!gghttae SPa"e spanning
the t@shdRepaient, BRBMHs @-splif Sdhurt UAl i@etBIsdk i03gte®bn tHeaadially outer edge

Coufi el A ol JaB RS AR b eot e b Spipte fatng e

poin¢airend Ip2N Uhe vitehndttie1 14 diigb]g@fwﬁhf&h e@apotan: Hal docared i the cartridge

110
holdg el 2na febulb it dsde ot I f i whse FaRpmrrdy e
advédnning dnlheticapur"ncﬁdée GekkingSy fis xanveanltadg”mmpusxto/awsg@etrhet of the
need?@gﬁiclne d&éi'plf oii@rrag% hxre%r)fs We'ilgédqe Hhefrcﬂ'ﬁ %ﬁiltﬁn% out of

cartri ere ting |nadvertent contac
seqqeh@@halgpshqawtmwreMS 112 with the user's fingers

[0069‘#J ring hao q&éd‘ﬂeglﬁf 1steﬁh%§éh LR BE, %b?ﬁl&&q{ {:H [ﬁﬁ&@d ERf1121s

acenent on the cartridge ho der assenb I Sposa
not Wéqd (s "Qﬁﬁ’& PRBItioE, %b«@da@ |lﬁ@quﬁ-‘é te P%%‘e Rﬂsélon In the

hom@@¥kifi6n, Ak needfNl 10198 coMined withe: the S&Hrﬁlg@ :hguiu'ig fo@iminate
tissue closgre devi ce 50 Erevents acc

needierppglfsgluging hpadling of the fapjfgg ghe ’(Oﬁ%‘?délﬁ’y’%u%? width gf thg aperture

in the@Eedle BEAdRR i§ tsikpapdbld f RALbOEpEALLSHith 1Y Width REGRIHaB in the
[ uses ontam.nate the, n

a ria or, vi t hat. ma d| e
need]8 B ita fncan i i A8 s Pl Boe ARGt heerieel g pot
projéct Chanaiallp éntd olicdpectuter11d. Such/arhlighmeht wabises e neeaid|120 to reside
entng é/r &V{E‘Iélglg% 8fét ahﬂg%e ﬁﬁgeb%g)gévtrc]at anq,]m%cg/eg(e]g cantfitg)tf e shgrp
poingchlzindtii@ vnéretdd: esel't ﬁngers dun@_‘éﬂndlmm thpdispasalgde bd<dlacrmitridge for
placgl]ﬂgrﬁ o'ﬁ% éJ&{}ﬁld%Q hB @ ‘3§ kfsf)c%P} aﬂ-gg gees gﬁ}d&'&#ﬂg?peefratmo the

f ached to t e nee et or €
hsswecyllcrsswsiemé SPathclpprotagiomekilie neerliegl 107 ghedissun ¢leryre device S0

prevaRts eadlaémmxeédhae&lae" £ o@%ﬁ%": tﬁérew ﬁt@s@ﬁl@aﬂ%‘?@d{fcﬁ% tR¥ risk of

an appropriate nethod. Ever whet her "a si e,
InfeqtipneP R R PARER | ba%?rwocrfewrafesahe@rqyéenf@mlmﬂlr«ﬁ 110

durih &l BiA i usd pridiNe dispBaal. bﬂuﬂ{e@@]@dlﬂ ﬂ1a!y ibk @otBi%H' ‘i}ﬁi eurv&tBtrack of the
needje S Blge oyt IR S SATH gyiariag i 30gp S gineh depinted
needde &t L2eso that the needle 110 first spans the aperture 111 and then returns to the
home position. The suturing material is attached to the needle 110, and therefore follows the
path of the needle 110. The suturing material may then be cut and twist tied and secured by
an appropriate method. Every stitch, whether a single, interrupted stitch, or one of a series of

continuous, running stitches may be placed in like manner. The tissue closure, or suturing
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conprising a plurality of continuous stitches as a
repl acenent nethod for a nore tedi ous and

WO 20vAO8WNE UN Ng manual suturing process. [ 0070PCHFURK005#02204
provi des a detailed view of the pusher assenbly 71
with relation to the suturing needle 110. The pawl at
the tip of the drive arm 75 is capable of interfitting
wi th wedge shaped notches | ocated along the radially
i nner edge of the needle 110. The drive arm75 is
capabl e of sweeping back and forth in an arc spanning
about 190. The drive armrotates nore than 180, and
the overdrive accounts for _ any deS|%n irregularities

devig§0, thsirefpren B8y beysqdie ‘?ﬁé@&ﬂ@efffﬁ‘géﬁw itghs T fPpDsanER PUMTE S

comPhsin d?ﬁ‘ §k'1'i‘zﬁﬁ% bh@ntxﬁﬂ&s%ﬁ%eé’!s'a' reflbo¥mERt Rethbd Yt 4 H6re tedious and
needl e notch 116. [0071] The advanci ng noverment of the

timergoasyraing MRnHel PRGNS BEASSES on causes triangul ar slots
(o078l ong t keG4l bﬁJvlidés bRl CHeR o(ﬁhetﬂi'ﬁhé?%%hﬁl)l’iﬂwitﬁ’ relation to

al i shaped in t drive arm
the %Hgg@wef@aaw anh"tPi‘?gﬁﬁ tipof &q&% A dS & pebla g nfea? itfing with
wed@@&labtd/ﬂotﬂfe@&idat‘eﬁ atop@rtherdilly ifder @ige of %e rzBdle t100. ”IfHa(tkwe arm

Th d
75 5 el CLRLPPUCRES BYORET UM PPl AR SOHED - Lhe drve ans
rotatee guenthaml $07, driirtbel gheradiveudccditns foaady ddsi‘m 1trélgxlztrit&s ded tolerances
on tﬁjr?e%weei é?g}{q%g 0&‘}5%5 paar‘&t ﬁggﬁs(%es Tt te ala&%l %g@ ay%tgllﬁi: up the

Bt rough an ard
needippdteh iHe drive arm 75 rotates back and forth for a

[007&]0t aI Ofl‘h@Q&‘éhng %o@gﬁgﬁ%?t}ﬁqeeél& #i&Euru{%Ofg%?'Jnoﬁ Ic&%lse?@xangular

are Sectional views 0 ue clo
SIOtSn*é@tﬂ tbe &'ﬁ’tP”D’H@"efﬁ Gdereef the seegisl K10 t?\shghwmthequgesh@gd pawl in

the drivatar® WS' fRBreBH cﬁ&ﬁ\%r thé pdeINS bﬂ’éﬁg@ theldiRs BN aDostiVe Bi-é§§11re
the pawl 95 distall into the needle 110 and into the

exe’FF&t%‘Hh‘?Lli‘Bk?9 WA "lask” b 9@% &he pptaferypdvaneinggaoyengst of the
need)é Qkﬁls ltlﬂeréfbl%tcoﬂﬁbm t@%@&r%@kﬂ:eﬂﬁdl%ﬁr&@ﬁaﬁ&@@b@ elléllptlme the

L%é‘? aCshowsthe engaged in th

tissUgSasHre 5&9@5 & BHES dgr sg'a'r@r %&*&@ 1 o fab ataics thrpugh an

arc d-f&bb\li‘tSGD‘a\MhﬂQ Shendrivesarml 23ngrated ®adkldndrfoshl fdragetabdf dbbsx 760°

deot delretltlhlo the pawl 95 encounters the notch 115b. The
gﬁ%w £ ﬁ engages the ranp for the notch 115b and the

[0072] at SpFIGYB6npEERLC adaeeqmm,hl 95w ditthe tlsl‘sﬁe nleadb ficedle and the

5h, st t hat
pusiREbEHpU? e snf I 30, L HHE 8 Y SHIR ot il o5 10
push the pawh?®S ¢isteldy ita the ntcgdlﬂ dto itndndtOtthfenqtele 8i15b. 1W0erathd pawl 95 is

rotat‘éa Ltﬁoe pé&@%&&'ﬁ tl]ta;thm{c‘ﬁ 13568nd a—x]i\ees %\Mee&@ 1‘163 an

surface that angles away fromt Eavﬂ stop 98.
[0073/lhen t hEIG 5C shows the pawl 95 not engaged in the notc 115b and engaging the
surface of the needle 110. As the pawl 95 moves along the outer surface of the needle 110,
the pawl 95 encounters the notch 115b. The pawl tip engages the ramp for the notch 115b
and the flat spring 96 pushes the pawl 95 into the needle notch 115b.
[0074] FIG. 5C shows a pawl stop 98 that permits the pawl tip to only extend a
certain amount into the needle 110 to not bind the needle 110 and cause the needle 110 to
stop. The pawl 95 has an angled surface that angles away from the pawl stop 98. When the
pawl 95 rotates clockwise, the pawl 95 can only turn until the angled surface contacts the

pawl stop 98. The pawl 95 contacting the pawl stop 98 is shown in FIG. 5B. The pawl stop
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pawl 95 rotates cl ockw se, the pawl 95 can only turn

until the angled surface contacts the pawl stop 98.
wab@7/8eh3 95 contacting the paw stop 98 i s shP@mUSI007/002204

FIG 5B. The pawl stop98 prevents further rotation of

the pawl 95 and prevents the pawl 95 from bi nding the

needl e 110 in the cartridge 90. [0075] FIG 6 shows a

cl ose-up view of the distal end 81 of the cartridge

hol der assenbly 72. The cartridge hol der assenbly 72

I's conposed of a sterilizable nedical grade materia

whi ch can either be a netallic material such as

stainl ess steel to enable its reuse subsequent to
98 pravents ffurther rasgtionsif thsyvirang 98 2pd Psyenisthe pay! 85 Bpmrhindisgtleaeedle
lu)gﬁﬂbggmndgggge plastic material, in which case, it may

di scarded and di sposed after a single use.
[°°7€1ar t ri dGEGHotheRis agdesarip Wew of the distal eiy? $hefrthe aﬂlrtrldge holder

asseﬁx@ﬂf 10 Ul‘tﬁ:tdaﬁﬂdgfé Hdkie afhefibR) 723i6 @6mPdscadda @teﬂﬁi&b‘léﬁﬂ&dlcal grade
Hg hgﬁ qﬁmﬁ Rect o the devjce acfuator gg
matgriah Which G §IhehPE R MR ]a\‘bE'FFUF'eS"%’Sa% fap e&%ﬁ“’r"é&bﬁﬁ Iisgeuse

subsdfweRnN® muambﬂ maﬁzir@ra prior Q§Y, BE4 SteriMdable redical grade plastic

t
mat A0 St Sorb i AR ete SRR B prelpe corvidse
holdasasserbbly 72 hasal ciylinideinall coyfigueaomi igisa distal edgel $7tapd afproximal edge

' l,:6d
89 V\? {horte§pe§tzto tl?ecc?eklﬁg ?Jug{g}g lelg@r%eto {A‘éte &1{0&1;12 dv1§1r agxe %%u:tb I'b%ttha?r €
corrapgargsl in glmmmsané lgghtiomtol doyncale widt a$ubsnagt1ajl>4 spsilar aperture

locafeQfih QEJWA Neeh@%@ﬁf}ﬁgeé ggér E%rﬁ?g ﬂhﬁflﬁ%@érﬁﬁlg 95 aiidltl%ally

ou5|n not sh OMM er as

compyjses gy urakiyeif plotsS2doeaied Fles eethe gistdl edgedt? tbatsar%!oeated opposite
to oﬁe%@u@ﬂ afl alehpshl® spéngggkqg tH Katnl fi“urbl?ty eﬁmhﬁg efips

enga Ivotin In O denti cal di aneter
co"%S@P’P g%‘as mﬁaﬁallythed@a lg aafmflga hgugine ot ey Hhgsartridge holder
asseﬂl‘b@X’TﬁTﬁHh&d@%d ; p&t@%ﬁ c}lli]iﬂfﬂ?é‘a':l klot (r@?%;i}wt)) Qtﬁ{a}qeﬁ%@ﬁ@&h}itaﬁ&igc 87
LS e (0] s.na S nen e Su
that caBolf 6T Sigeg 9 2 Petint pin el slemetdh somewonRBe detied on a
gatefaﬁ@mtil)emﬂ n@et;h@qﬁﬁlamge 300 f tirl o:artﬁ@ge(htﬂcri]dr Riwmbhe7dia ﬁg?ched to
0] er asse . The a e
the 58 ST 24 b B SupSert S EHV 78, IFs o ol FBIREVenS the
needleifromdeadrgdtha brackadniddlliof othiptct the bapdk of Itheeseartgidge holder ds@mbly
72. ifle BRERenBy 1S AL oRYRIPR 187 kDG cllicod S TREAANL BiTh
actugtion of] tui;@ssn@clasrre deeni tp n‘;emé e Ctrhdargao‘eerrwsls efitbe (riv5
mecﬁé}uﬁﬁ %t Mgésq}{g fu.sc% i &ft@[ff)ﬁ\g o6 iol:%‘t@d fn tlﬁ‘%%rtﬁ?&crxe older assembly

p tion. e assenb pr ec Q€ .
causg él?ee%aéﬂ asaav'e‘wéﬁ% thﬁap a@%we&%ra% @l&ﬁtl% ltkﬁ@ HeSeHve V\M‘R"I’ﬁ“}‘fl

motfoR© THE Bt ia6keMb0l 08ere AR Y Ditera? m oq;gxﬁetﬁ%h@ dixfoeatidd M’ the needle

i VO e pivot Q7 so that
Wltha}'i?%a'afﬂ%% dehbss Ewgﬁrgig i RSSPR lyr?é‘éd? @3‘?/F°aplt’?¥é’“ e pive
pin EVdo th@anbeDhHR ablyi Tshehigiaérgzagsseitidihyg ndéifle vilthapdwl ch®patk By the

gate asse{l&)?}aldis AS Qn% ro%at Larelq}%agcapgble o%lgnéagﬁlgqvvl%dth]g needle cartridge

90 to lock it in place on the cartridge holder assembly 72 as well as to engage the needle,
whereby rotation of the needle in a direction opposite to the advancing direction or "needle
backing-up” is prevented. .

[0676] FIG. 7 shows a close-up view of a disposable needle cartridge 90 of the

presently disclosed embodiments, which is preferably offered in a sterilized sealed package.
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90 to lock it in place on the cartridge hol der
assenbly 72 as well as to engage the needl e, whereby
wo eaoanswns of the needle in a direction oppositECT/0S1008002204

advanci ng direction or "needl e backing-up" is

prevented. [0076] FIG 7 shows a close-up view of a

di sposabl e needl e cartridge 90 of the presently

di scl osed enbodi nents, which is preferably offered in

a sterilized seal ed package. The needl e cartridge 90

conprises a circular housing 91 that may be forned of

a suitable rigid nedical grade sterilizable netal or
lastic material. The material formng the cartridge

The oepdisr cartaidae P9 comprised pireulgihgbsipg Fhthahmiap ke Esepd o€ a ayjtable

ngldcﬂxed‘lédl %Fdd@ @tehﬂza[l:@@hﬁ@ﬁl &J}ﬁasﬁ@%’ierfaﬁ Cfthle n©iflerfa® fdler?g thB8artridge
need |S osed init. One such materi al f or

20 pree)f%mw das P%th E’@tﬂ‘%’@&ﬂﬁ oy poesficient;of drition 19 {pdegs e Reyprrequired
to mav@t]ghlk: h@s)’ﬂl@@i@g&seg/ﬁi@ﬂhltrﬁt %ﬁ&suég%a?ir&!i ?’mf é)dat 1e3 %IR)_BFIE%mp
on n SLI11CO NnSstruct i ng " ar r%
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o asab a artr
e R O S T R A e
retaib@ byythk wammidgedeider asanhlyas the didtaireal iof yutarfinggdevive S9 b@4cnown :

' ' I ' . o]
meshf AR SRR AP0 SPbIRE  Bpf Epoe
of engdgmgofitht the plyaality pigets o Klt#shst@lscsslgnbf the cantredgediotilepassembly.

The ﬁ@tfdt\e! éaqgi% 1g9 90 fﬁH’[ﬂep Em 5 roove 93 g{apfg\égﬁ)a%% M'Eﬂé%éu?g the antl-
capabl bgaglng t Irotate and 1 ockl ng

rotatg gpd @é‘rﬁmﬂdﬁah q/cqr@ém@mg&mlom@i erhihe pﬁ@rgf&eﬁ»@l@eassembly
[007‘?’SS enbl Mhil=QRe/ %JOOWQ'ﬁQNﬂen%nQJégggﬁzﬁ)l%e%&f‘e @ﬂﬂﬁg@?l) to be

enabl e the needle cartrid be retai ned

retaiped by thggartridgedialdes assemblyy thegreovg P8 axhen gnzagre W‘téﬁ]@ea@"é'dmtate

and Wckiitg bA€1 W dalisesAtapéruradtl dé ek iin theRREd1d B iR 96 %o @é"ahgned
rture 97 defined in the nee?le cartridge 90 t

be
withgfh SprEaPaIcinE APREUEER S SABTIRS P e A ETIbY- THe pdl caridge 90

furtiR@tdrhpkae abatsler gras\&ejfb{rycik"_ﬁh ehdd esidbRibed i the d@RIeX0rface of the
a . Clrcular

f. . | " " 92
nousi S SydiLAER  f 5TanE o b R e it Toprbii i g el e
housivig Ziharldi tat dftheesupirangeletibaso. |1§1emaerpma ar umémlpts thetilaek 92.
[007% ongi t U‘f*l«,@ Qxlcu élsg‘tup Ix%xge%glﬁ% ﬁb%om sed ma{1 %'aée s% ml%%%séeel or

The suturing ure rrup
simitar geker@Ris sp@@‘lﬁ]aosmedmcthlatt@clsm Ulthie mgimm@dh@a@ lleﬁmng the

| £
TRl oS R AL PR R el e
the apgeipigd7shergine The ee lrﬂ negmelieregides intac hame( pesitionginithe track 92

sucmﬁart%gammﬁeyar@w@heehg 1108s &Iamg%éﬁrvgpﬁme Tﬁeduﬁ@:%metﬁé e

Cartrl%%ﬁ at the aperture 9

cartridgg 990 kg share,RdRtgd end of the needieetl0 fysitupied onioRe pide apgd getikely

with8?th§ U6i¥ided dF tl{ehﬁlﬁgﬁ@aﬁd&uiéﬂi’l afeqiwt&j &rRedig: dekBlei130 iid) therefore,
nt th t e

shlel%ed gy the cart\rqﬂdge hous%g%q r1“1I'1e [)leunt end oq’the needle 110 that is attached to a

suturing material is located at the opposite side of the aperture 97. The sharp, pointed end of

the needle 110 is, therefore, wholly contained within the cartridge 90 and does not protrude

beyond the housing of the cartridge 90. Thus, the sharp pointed end of the needle 110 is not

exposed to the user.
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cartridge 90. The sharp, pointed end of the needle 110
is situated on one side and entirely within the

wa@ oovi7iosess3 of t he housi ng aperture 97; the poi nPeriusd7/002204
of the needle 110 is, therefore, shielded by the
cartridge housing 91. The blunt end of the needle 110
that is attached to a suturing material is |ocated at
the opposite side of the aperture 97. The sharp,
poi nted end of the needle 110 is, therefore, wholly
contained within the cartridge 90 and does not
protrude beyond the housing of the cartridge 90. Thus,
the sharp pointed end of the needle 110 is not exp osed

[0078b t he HdEr840bae 2 dps-uByicwiobths aatlr,rp@éeeandﬁomr@mﬁ% As
shkoxhﬁ\ ﬁm I8H, eleting-raftk ArfaQBémq;k Rod HluddSa s@WM3e IdtkieGurface
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101@5191919 males qostact wigh gigresdle C%Pge\% Bk larkk g énte lpg@pd an anti-

rotatd sgffaéel"lﬂ)zmi’/ﬂlizm%?ﬁtaétﬁ &}ed@@dl?gmnﬁi cbidEfssng It04leflg9ge9 kiRCArtridge
na an_antlr e Ssurrtace J]CnN C acls
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to ldmloﬁ efi- -lakpsridedle/Artange ¥ ilnwxﬂ?jdegﬁ tAfitdrtridgt Abldedigembly 72.
CKI N v.e U an wn s
1008gP° o p FRfS: R a4 R B BPG Py S0 R g R oF e

cartidget haldhy esseoibeT2. de FIGH ueyA 7Be néA0RTtriEEEM) isId AnandbckdB

e

countgr lekdg@ 9P mréoqkrthanmm dacmﬂw(bﬁr@mth@dnstal qnddrlchafrthet @rtridge
holciep Q%erg'ngg ’ﬂeﬁlql aﬁtl GEate’ dng g@ck%% Elgf gé egs%ﬁ thvE 9& ﬁr?ggge the

nee be rotate counter W Se. unl oc
coilspeieg enddhistwill afew dee Wbrmattm@ddp@wg b%rl@“ 3>1pw¢>t at mevot pin 103.

[oosipr t ri dggcholdes aagﬁ&mme chdrid déeh%clém% hefihahe frem&kmg pin 200

| ocking bar 100 may presse 0 engage the coi

is SlsdﬁPWrPgSPgﬁ?P Vitpig the qarm&g? erlderiesembly 73- oft‘té}@@l%uﬁfed bugtori2Ag
conﬁts%fedljtt@ Chet IQ%Iﬂhg’ i 2@? aﬂg\)('pihlc Bbi}aﬁbga) sHdQ@ldin E‘Nﬁpn%xﬁ%ﬂl&ﬁalong the
ernative cartri ocki,.n C ocKki

stor 3 B PSS BOR At (B Pe Bhe D e idgolde

asselntilyz tc&SﬁﬂﬂbthacVeﬂ poéitiba (ret ehawi). Bistshown 2QBe ﬁmﬁrﬂmtl&lﬁhl view
2 O allo t ra 0 [ .

of 1l 13y e S5 v Pl s 5l b i 37 f re artride

holdeo sistinbly 2hat vipnosf thel emrfgrmmsttimaedjmsmalprcema efd oﬁfhet]btekmg

. t

pin %(gl{ \EV!hgrgﬁl I'h%%cgg arﬂ’ﬁ%@ ';Rsy seégrea % t%e {;%Jtrjlc{%p h%SJegaés(gz%mblH 7I2

wthQQrOFV@ 941are filveeniemsid ivit the sioiz ®2. 4 bcking pdretass 202 on the

matﬁlrgl(%gf'eﬂri&gosfgléé) 1Iag %éﬁ%{s r“tﬁg‘gﬁeo ? i Zﬁﬁ a{lf&%m??ﬁ-xg g!fpﬂﬁ to protrude

and gngagg thareenss 2 tlpﬁr@ba legkingthg ne¢dle pratridge RP rrgatpcmllz oo the

cartMﬁ@ethl&@ abR f?: amerlb@laﬁg Q réc%ssszaﬁ% Efmb@ td Bslightly larger but

cartridge hol assenb 2, wher t he grogves 94

withug Similar frosssieg Ul shaPe As thﬁéO%ﬂrn@tpgn %%0 Ia B ey PRGNS the cross-
secti@EhapLHidhe n)ckmg pmamm:d&w i}ﬁﬁé?oﬂﬁe 1RRing Pir Fekhg 20D re

c1rc§4abgf%ggase the cartrp clige f2 ’thea}cartnc\‘\éeq\oléer asse}ngly?g%ser can engage the
handle and button 203 attached to the pin 200 and slide the pin 200 proximally to retract it
from the locking pin recess 202. Upon retracting the locking pin 200, the user can rotate the
needle cartridge 90 to disengage the grooves 94 from the slots 82, and thereby remove the

cartridge from the cartridge holder assembly 72. The locking pin recess 202 is more clearly
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and engage the recess 202, thereby | ocking the needle
cartridge 90 rotationally onto the cartridge hol der
w@s®enkdeys 72. The | ocking pin recess 202 is forPoEUS1007/002204
be slightly larger but with a simlar cross-sectiona
shape as the | ocking pin 200. In one enbodi nent, the
crosssectional shape of the | ocking pin 200 and the
shape of the locking pin recess 202 are circular. To
rel ease the cartridge fromthe cartridge hol der
assenbly, a user can engage the handl e and button 203
attached to the pin 200 and slide the pin 200
proximally to retract it fromthe | ocking pin_ recess
seerip FIGbd 7 pestpegtiie vigyy eheperiexphige mating eopmm@l §¥&rce ehthe

rmmﬂ@&ﬁhﬁg@b@ needl e cartridge 90 to di sengage the
ves 94 fromthe slots 82, and therebﬁ renpve
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unction I1s achieved wth a | pI N e arm -
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spective VI ew 0 nee e retal ner
Thls ¥ appchow in Fi(e 18y Bluatsating e w4l ddieritp4@rrovide e alightlyingrrower

pasABEWE, fob fheSHiur Bat@RhGhio3nd b3ofithd ﬁ’ecﬁl@ﬁeﬁﬁr@ﬂe@cs@ Qbﬁ" s
recess 402 of the cartridge 90. As shown in FI G

featyyg prepents thesuliyg meteriah 38, fiem uainteatignaily slippip g @aﬁ%féhq h@dle
retaipe@ssEgeway to the needl e

[0085] The needle cartridge 90 can also be equipped with a needle brace 500, as
shown in FIG. 19. Positioning a needlé brace 500 against the cartridge 90 can prevent
inadvertent movement of the needle 110 within the cartridge 90 during handiing of the
cartridge 90 and suture material 138 prior to loading the cartridge 90 onto the cartridge holder
assembly 72. This keeps the needle 110 from straying within the track to a position placing it

out of proper sequence for initiation of the first actuation cycle of the suturing device 50. The
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retai ner recess 402 to be slightly smaller than the
di aneter of the suture material 138, allow ng the
wop@raswnito press-fit the suture material 138PCTUS20011@02204
needl e retai ner recess 402. This is also shown in FIG
18, illustrating how the detents 403 provide a
slightly narrower passageway for the suture materi al
into and out of the needle retainer recess 402. This
feature prevents the suture material 138 from
unintentionally slipping out of the needle retainer
400. [0085] The needl e cartridge 90 can al so be
equi pped with a needl e brace 500, as shown in FIG 19.
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nmoving forward in its track by the presence of
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by SO, MG 19070000 SRR st D
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[.O e needl e brace 500 can be secured
snapj 'H‘i‘?é’PS'é‘PP QUFFFB? tp obthgmesdie 112 thergby decking thapeqdds brace 500 into

posxﬁi&ﬂ’f asigHovah IFIC. 28N Al useidaf¥8movd the n&did BHQUSHO Byapplying

suffi F3lent f%rcee%l) %\r/]grccgnhlg t eeerlais Ic? rermystance of the tab 504a.

[0087] FIG. 24 is an exploded perspective view of the removable electronic module
60 which is a battery-operated electro-mechanical assembly. The electronic module 60
includes the battery pack 62 and the electric motor 61 which includes the gear box 59 and an
output shaft 58, as well as electronic circuits. The battery 62 is preferably re-chargeable and

provides the power for the electronic module 60. The battery 62 should have a minimum
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of the needl e brace 500, which can cooperate wth
correspondi ng depressions (not shown) al ong the inner
wa@ 2oociosdees ence of the cartridge 90. In a furtheeT/US2007/002204
refi nement of the needle brace 500, the vertica
segnent 504 can be constructed so that it forns a tab
504A as shown in FIG 22. The tab 504A is constructed
of material with sufficient elastic properties to be
somewhat bendabl e. The Lubriconp plastic materi al
referenced earlier, for exanple, possesses this
characteristic. Wth the pointed end of needle 110
positioned at the end of the track of cartridge 90,
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[0089 t he @ndt:r terf@lmh@@ethbplycqmqnopf a worssiengje electogniamodule 60 into a
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renmoved from:t front asse

operipp b PrXiBRl o ofietgndlp e, ap wmmgﬁlﬁig; a7 5o (kg dunnel 600
opepﬁ@g bd & pyalcaV bawer thw&éhekh@% O%Jélr(@ &rc'ﬁ%iﬂg‘?\u@ \@ﬁ@hﬁﬁ@é@he

l:?l 25(A) to 25 show
“O“ﬂﬁ’é’ e qleigpicanestily 60 E‘Q/ ihe gersep Ft@gﬁalﬂwbrrwmwp gandles the
steried @ﬁtﬁoﬁmtsofmd shi@rif®dd\ase 39eahe @féﬁi@&ﬁiﬁbohéhtamclude the handle 160,

the Jol?) ig? Qhea]atch?lsg gle ggs%rc%llgr51%7 atlQed Sl?aﬂ slggrrngr?tp’}4a§§rtrldge holder
assembly 72, and cartridge 90. The funnel 600 is initially sterile when inserted into the
handle 160. As shown in FIGS. 28(A-F), the funnel 600 has a proximal barrel 601 and a
distal barrel 602, each shaped in cross-section to conform to the cross-sectional shape of the
handle 160 and corresponding electronic module 60. The proximal 601 and distal 602 barrels

of the funnel 600 are separated by a flange 603 broad enough to form a barrier between the
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housi ng 151. A door 152, |ocked by a clanp latch 153,
provides entry and exit for the renovable el ectronic
won@alse6d. The handl e 160 of the device has tPeT/usmn7/002204
152 at the proxi mal end where the renovable electronic
nodul e 60 is inserted. Wien the non-sterile battery
pack is installed, the door 152 needs to be cl osed and
seal ed. The door 152 is sealed using an Oring or
Teflon seal simlar to the front end of the device to
prevent the egress of any non-sterile gernms fromthe
inside the device into the sterile operating field.
0089] In order to facilitate the placenent of a
hangefithe perpen iasetingthe shictionip maduledd andths rastof theisuarinadeviee 50.
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the front of the electronic module 68. The stop platc 66 has flat faces and a taper to engage

into the enclosure 150. This provides the connection to capture the torque applied within the
unit so that the operator does not have to oppose the torque of the suturing operation (anti-
rotation feature). The stop plate 66 also limits the rotation travel of the outpﬁt shaft 58 to
about 190°. A drive wheel is attached to the output shaft of the electronic module 60. The

21-



facilitated by the use of the funnel 600. In an
alternative enbodi nent, the funnel 600 can have a
wat@riogwozir ape (preferably di sposabl e) attacherCT/oS1008002204
peri phery of the flange 603 in order to extend the
barrier separating the sterile fromthe non-sterile
conponents and personnel. The node of attachnent of
the drape to the flange 603 can include, for exanple,
a high strength adhesive that resists breakdown by
heat, noisture and sterilizing gas. [0090] As shown in
FI GS. 26A through 26C, a silicone keypad is
encapsul ated into the encl osure 150 and provi des two
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Low Batt housji ng, 151 and keypad
deprﬁﬁsdw @ero tg leb 0, 7 Ztegn?eﬁlgt river arm will automatically rotate 190°
twice to accomplish rotatmg the needle 110 the full 360°) The actuation button 155 is
operable so long as the device 50 is On and not already in a suturing sequence. The actuation
button 155 must be released and the Power-on button 154 re-depressed before depression of
the Actuation button 155 will again begin the next suturing cycle. The electronic Hall effect

sensor 162 combined with the firmware sense the extent of the about 190 degree rotations
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i s capabl e of sustaining hospital w pe-down

procedures, but is not sterilizable in an autocl ave.
wab@7mg®es r oni ¢ nodul e software and operati ng PEBRUSI06%002204
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elecgg)jn{c ! 93%8‘%'?3%% loxe,%gcp E‘r]‘f%g}lttl f%%%@lin?o %l?nrl%_ggy txgaég g% ?mt% the drive
pin 6& wemgescxmmmﬁnmnm e“hlelt&tleﬁh provifiadthe nechdraddl atops [HAORA]t the

rotaénon og é‘gﬁfge g(;l 'l?wﬂae nen r\ﬁvagorretsté%earg’ EsoeB IH g]’lj@nC@Ol’l %\Pt% the Hall

effect sensor 162 located at a distal end of an electronics board 161 located inside the
removable electronic module 60 to detect the rotational extents of travel. The electronic Hall
effect sensor 162 combined with the firmware sense the extent of the about 190 degree
rotations utilizing the magnets 65 in the drive wheel 67. Once the end of motion is detected

the firmware modifies the torque applied to the motor 61 to create a soft-stop.



transparent), pernmanent magnets 65, the drive pin 63
and the gear 59 shaft. At the center of the stop plate
w@oeowierees i s a hol e which provides the entry ppCTUS$007/002204

the gear 59 shaft. The stop plate 66 is attached to
the gear box 59 by screws 69. The stop plate 66
conprises a "Ushaped" track 64 in which the drive pin
63 rides. As the device is actuated, such that the

el ectroni c nodul e causes rotation, the drive pin 63
will ride along the track 64 until the drive pin 63
reaches a stopping point. The track 64 provides the
nmechani cal stops that |imt the rotation of the device

[0093D. TheFp&r 2hehnwsithgHall sffes senser 162ddcated @ty glestrories board
161 \ma"t ! %@&J&kéa fkfGtion ggés%nl&%hé AeRNaLepE7. aw%ﬂr@'mmon is

an el ectronics 161 | ocated i1 nsid
neamr@ﬁw stopring peist; tharnesgneisdd| neseBliacentde theddalf ﬁ@ct Sensor 162,

sencﬁ F{m b th%ébﬁ%l%x&iroﬁleﬁehﬁi the AEHA1L] 1RGHNICRbE bé"ﬁbbpm% At that
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wheebgAati on is nearing the stopping point, the magnets 65
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nlca oi nt at e reduce torque
assem:éhn Freretiyn tpea momeéwoml?rs Ttnﬁbe here perition, thetdsiyp ipkage 80 returns
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u |

IS cause e notor no
As %qsrwn ipFIGt B %\%ctr%c Fvgulrddies begn atashed t s frrag A assembly
70. 0héH Be PRSI HiORRMulk %Ot@&mflédtétf tﬂb@h:te&le skdft vpeﬁgagésea bu3Ring 67a
orn a 0

h.t t d
oo B B PRRL s St sbo B B s
the dhicesMOM/rdalde. mai n conponents of the suturing device

008 o oI 38 SRS B CPES Pisie Tfie JaBRAIRS - HESR ctosing

matEil !artgclkh eThié sediag®ds Etrmgdas 4 dieculapisplitcimgreitiuthia ap@ture (pr gap)
111 Z tglf Ial?ars ?rﬂgq? %ndt ﬁ,z lnld ‘Mt épggs&qﬁu Gle n@%f? ITpllley ?’? 31dltu9al b?nﬁ 114
aligded axgaljp \altleresmec: e:tthc ne=dieol 1), §tlmatedpxb§1etblmt end dth Adlexible

lea Pi% &F tﬁe t%sg E&gmg shM?e rHL ifl lﬁﬂéélr%dr ﬁgqy EIGntae(ﬁ‘aquﬁ aﬁ&@an be

rlve prn hown 1 n ectronic
restyagngd| by rehazigal Bemeawaéqﬁ@damde risehgnicah erimpinga dhespikilled in

the @ wilY \F&Bgﬁljﬁ@thgi the hEﬁBleQedﬁggwﬁn@Oed_ﬁﬁg&ﬂx@ ne&die 910 bghy type of
drive shaft engages a bushin

mechanical engagemcnt mclu ing, but not limited to, welding, soldering, or laser welding.

For example, the assembly comprising the flexible leader 136 inserted into the bore 114 of

the needle can be immobilized in a clamp, and the junction circumferentially welded with a

YAG laser welder or other suitable laser welder. The junction between the flexible leader

and wire monofilament suture similarly can be welded or laser-welded. A suture-needle

assembly welded in this manner can provide a smoother transition between the needle and
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| ocated in the drive wheel 67; the drive pin 63

engages the hole 84 in the drive plate 80 and the
walewro86b® i s ready. [0095] FIG 32A shows t hePCTusmd7/002204

suturing needle 110 having a tissue closing materia

attached. The needle 110 is fornmed as a circular split

ring wwth the aperture (or gap) 111, the sharp,

poi nted end 112 and the opposite blunt end 113. The

cylindrical bore 114 aligned axially with respect to

the needle 110, is located at the blunt end 113. A

flexi ble | eader 136 of the tissue closing suture

material i's inserted into the blunt end 113 and can be
flexibslesdir,ned beywees cledluixitad leedgage thembgnofitamenx sutpleghan mechanical
cnn{;gzrggogvﬁfc%afja%lﬁ{a%en%ﬁav&q?g -6[12? ti%res kate 8%;‘ g%}{ ﬁ’l@ tl@“e Vl‘hl)é 1t 1s easier to
passrteeslitere HiOuply tharfystisidsof dfe mdmmmam, @ng&gmrwhxle maneuvermg
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junction circunferenti al | ded with a_ YAG |
[00NGBI der _ dior BHtHERE BrAvERbPES: M baRFEDIe tyihavg ks geted or
cungrS% - nEéH?e B&lﬁ?‘dst&hgwﬁ GAFRE. 3@|AdeA/Mhrf&eﬁTEéUﬁf)%'lhgﬁﬁﬁ}bmmately 120°

ure'simlarly can be wel ded aor &ser

of thg girerefererss of theweedls st yehgwindn £4
oricffe@Yd BRe eSO @Ivdtird RS tHeineedl et whish cakethel eﬁ‘tdide-facing facet
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appMitiriitellyaqp Ivdlml%qectds awu lonp Stieofthié ticeellenshhBr Thé refshiltiog glitting

sur{%%efcg{}b%n?eﬁée ROIILE 3 sho %ﬁt %5(33\911 %géeZa gk{?)e Fﬁélw%elbegght, leading
to nexranfilcent pd:netretlcnmfému}e pi othert degsedisgiicc eAB@natively, when placing the
SU'CL{J %sezprgun%t tgg gutfe? Gr IQ e ?«L:q% og’ rt]lgebu#éélﬁ ' 'He h li@@_%\%@?ﬁﬁg\ﬁgd with

er num e nee
'bblehepcralmmt o "bHepaieth LT heerduntisgtin and kenigrd sbiips of i@ leading
oﬁérﬁr laleyneFa% Ak ArEMAIeSs EXIRIC a@ﬁém@n tDEuH soﬂ:@pu@ﬁ’éi

0096] For suturing through bone, it may
Othpr @{p@p:«gmné may rmwng sharpet; tpqud fapeespeigt (\Bqdles, or even reverse—cuttmg

edge'GdbdIENg- edge’ ) needl e point as shown in FIG 33A,
each facet occup¥|ng approxi mately 120 of t

0051 sriees bR hes RGBT LSt 18R alopethe radially
rear&ﬁl%e i@ ehe@idgt Bﬁ)xfnaeﬂ €d the Carridi holdee Bdseklbly0 Tha@etchinesb is

o L Bl Bl M, ST 35 onones
towbhﬂﬁie bhat eidEr3 dfwe deadiet1 . TJTeefoeIhabl 15aaind A Shagl leca@fd opposite

to Oﬁlg Ierg%t |h¥1v fk aV;\)ne; A uﬁi ?I i %onft 90 I% QQ%‘L&? gn@ér'l ?n%‘a;]ar tszth@nent that

uttl ace o
makmedlaeglpmf aboua§0 mw:heumrpﬁn@culmgmpm ThgwnetchessHSatapd 115b are

engg?éctw ¢ ALY H\rt?chén Qgt) i tﬂ%ﬁrﬁ%cf Hotdee Qgseﬁ’l%ﬂﬁ‘flr é?'ltd' effble the
or ot | ssue ernati vel
neepleddpng undpsgo a rotatlonal movement upon actuation of the drwe mechamsm causing

of & acets-can be

the needle 110 to penetrate and advance through the space spanning the split sternum, or
other tissue location. A notch 116 is located on the radially outer edge ("outer notch") of the
needle 110 proximélly to the notch 115b that is closer to the sharp pointed end 112. The
outer notch 116 engages with an anti-rotate and locking bar located in the cartridge holder

assembly 72, whereby rotation of the needle 110 in a direction opposite to the advancing

925



sutures around the outer or l|lateral edge of the
sternum the needle tip can be configured with a
WO bioansgosdaper - point' or 'ball-point'. The rouneerius1007/002204
and coni cal shape of the | eading conponent of the
needl e shaft permts less traumatic penetration
t hrough softer tissues. Qther applications may require
sharper tipped 'taper-point' needles, or even
"reverse-cutting edge' needles. [0097] The needle 110
has two symmetric notches 115a and 115b al ong the
radially rear edge, i.e. the edge proxinmal to the
cartridge hol der assenbly. The notch 115b is
diregjipgior "aredle hagkiagdpt kepraventied. P pesisive engpgementff thayeedle outer
notcH %6‘ 'd@nﬂ-g-gper&nﬁ ﬂ?&teﬁ{l tﬂ-él-xgé%dfesi 19 @kt étr%?g% o‘x@M‘PsrequérQ@ durmg the

[ unt end he need ches 5a and

sutuumg Brogess- I“@@étt@d’ @9 phwt fnéi Ctrcblub m aﬁf@p Regdle bld)c%nwbiweﬁgage the

antiRotRRHRAETEH GrBas, if ALABicIR:s 256 @ﬁocﬁl}% 6;’#1) Qsﬂ&@h # FIG. 39C, to
segnent that makes an angle o bout wth the
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proﬁ&%&ﬁll‘y'}nﬁ)tiﬁe %Hure ﬂge SD&H Q\ee[hgﬂﬁéﬁtr@ahyes fi%e ne‘é’@férﬁb% reside

tation”of he "needl In a direction opp03|te 0]

entlltehewabmhﬂwglﬂ ceeddgo ﬁhefﬁby prverting ipadverteiy-cgptact of the sharp

poinBdLah@ant1g %thTth@ ufPs 'ﬂmgé’x@ dERA0S ofthe Hf@ﬁ‘osﬁ@l@ %@dlé’éﬂrﬁfdga for
notch 116 urlngpﬁgeratlon prevents the need 110

placpingif gk the (artrisles F asserpble RE diserpe] 35T bife a%‘b‘tvb’r‘? pRprating the
sutupih @ aeviss 50. nsmkqu&tbamn dffie RkaiBtt 1€ fckhe kutbkily dddeeao préents

B T AT A

caust@®f pathofdri baBdia dr@n?ﬁe@‘ﬂ&iﬁ ina?]/ kentamarteahd Aéedld DID during or after
rev I S | ter .t fraver

use 3r1 1sggs,acli {F ee neﬁagg d‘lqg r%aa/rbt ota%é uébcurv %ggﬁk gﬁ%e ?]eeg%gl cgrtrldge

abOmIDB loggitntihal sed ofitttelviiuriag davite 50:itgel,dv&me theepadied peedle end 112 so

thatgtgé {Hggfg e13fi ‘?ﬁr%tjsﬁ%r#sz?{‘%gnﬁ?éﬂ‘ﬁ %ﬁ%mm ﬁ&m‘}k? &N h@ h?&% bli ﬁ@n

[0099he hon¥1Eed2B sknws anrxparaled viewldfG drisnif 147 tyatdmumltme@ds of the

two \Maw“aﬁk &Qﬁoﬁﬁ%%fsét@%sﬁ%&u@m%@ygﬂ I'Irﬂqugl.% closmg material includes

[ e-pricks during handling of the cartridge or the

the ﬂ%’dé dpaden] Yoattaghed top tire syturg 138 bypaeang oé ther?rwwﬂeélarpeﬂmp
has Sﬁgﬁén'i% dadh @meﬁrﬁmp‘é‘mhg 187Face Pt FRRRR% Mhdch 156'8nd a second
opening 137 boaccepts the velrcli Qungre 138. The flexible leader 136 is placed into the first
opening 137a and then the crimp 137 is mechanically crimped to engage the flexible leader
136. The wire 'suture 138 is placed into the second opening 137b and then the crimp 137 is
mechanically crimped to engage the wire suture 138. Those skilled in the art will recognize
that the crimp 137 may engage the flexible leader 136 and the wire suture 138 by any type of

mechanical engagement including, but not limited to, welding, soldering, or laser welding.
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needl e 110 so that when the needle 110 is in the hone
position the needle 110 does not project materially
WO pa0g/084se3 aperture 111. Such an al i gnnment causeCST/URE07/002204
needl e 110 to reside entirely within the needle
cartridge, thereby preventing inadvertent contact of
the sharp pointed end 112 with the user's fingers
during handling of the disposable needle cartridge for
pl acenent on the cartridge hol der assenbly or disposa
after use, and while operating the suturing device 50.
Such protection of the needle 110 in the suturing
devi ce 50 prevents accidental_ "needle-pricks" from

The gwadPY hep 2 essdethppaieuBakert gasier (p stidelthepysh theboles. skhegfrimp 137

is stx‘e%ﬁﬁéd £ 16@ ;;B?cﬁﬂe m/trmt !m%ﬂ tn@sd@a&mag@moaonw ruses
contam nate the neéedle 110 duri ng or after
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mayfble Simed (ke :Lﬁtl?eg gg ez{gts?auhgg s{lLleé{aBé %4113919 & _yt%'ggg%}% sizes,
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aet e | eader . he wire suture .
nee%ff djsptuse ’t“ﬁ'@“g’e’é’@n?é“ &féh‘ihﬁ gormomnfém astesile ih @aekapeghin

appr@;ﬁﬂatb %la&ﬁﬂﬂ%ﬁﬂd)t@@d bapef MaltRar 0oOwRRE pEFerhbBI§ chh b &!@dﬁrfén to lay
hose skilled in the art will recognjze tﬁ

out %? PRSI 08P aeﬁs%éa it el beitpm veblof el aRge h e
therMbfoem8ahit taespa28t ;Lsxust@rmmt ¥iRA a0 bolyBaRMosthydmgagement

ut | d
poly pihgalF e attrihteahio i e SRer SO thF Sl GHafeers brrikible:
The tdp wetstaarbetseridizatde pager,Gucthast e ek®) with a bhadc orighpoflabdui 6O
o3 BEATL DR AQE LB BEALAL kAR LU0 23 g
110 al_lctisnamtn@(ter(ag fen lteh;mrlhzsd framgéthiothe pgckalget dheltep and bottom
webgﬁn‘g%@ﬁgﬂ’ %lgxfn% %E%l{ T o%ﬁ%\‘g ??cé%%%usm £ Jldaﬁfé ag%ngswlee &ﬁi‘g Ipaclcage

eri al
prefggpbly @ﬁ@sbwmpd by henfe dsing peaboén ¢q;mrﬁ andhpgetablesdeam.n an

[oo16ifpodi nmepd sut&rjﬂ?g Jévﬁ?&'%l 1§dés§‘@g§ fo gesif:’:ld & thOLGR ﬁi\af-ltr HAHY of the

wire cable. an enbodi men [ ength of th

medfCPbeﬂS%owaéaHEF 3hos ap éﬂh@%ﬁleaibqﬁftsuslrmﬂ@ﬁwe %Vl%&)@ ut
ergoAdmid RIS 160! hFI(f:‘S %Alteshbﬁ&g}%cts]& thd BNt BRIe |o@ ﬂﬁﬁfevfcb 80 with

caméqé' glﬂg?tgéﬁflqug b%lswlﬁigq#{q#%%gés&s 16 P Lana 378), the
bottom side (FIG. 37C) and the top side (FIG. 37D) of suturing device 50 without the
cartridge 90. FIG. 38 shows an embodiment of a suturing device having a pistol-like handle
160. The handle 160 is supplied non-sterile to the medical professional. The hospital or
office is responsible for sterilizing the device 50 by techniques known in the art, such as

gravity steam sterilization, Steris and ETO. In an embodiment shown in FIG. 35, the
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thorax, for exanple (under the sternum during
pl acenent of each of the series of wire sternum
web@suswosut ures and t hus nmake sternum cl osur ePd BEEEN7/002204
and easier. The wire cable 138 may be forned fromwre
suture, such as stainless steel, nmade available in
varying wire sizes, such as, for exanple, 5, 6, and 7.
In an enbodi nent, the length of the wire suture 138 is
at least 18 inches and may be |onger than 18 inches.
As shown in FIG 34, the. cartridge 90, needle 110 and
suture material 138 can formthe conponents of a
sterile kit, packaged in appropriate
elecpbris ticdhlediOrifag bemdupawsied rprdollaw haddle/body ibht includes an activator
butttpx{ S‘I(ﬁ{lgb%lgo 91% dQ ﬂuﬁ?&irﬁ%l&g%ﬁﬁ %Qldlfﬂ%dg% onQlet rov1?e a Rort of

a sterile ottom
entrqoﬁn:Lcépgemgéwlmrsvfé\onﬁa@?thatﬁh%dqvn@r@g@ﬂ baclephegrics to or after

use. fl'nl amenﬁ)lé@ éhe 7%%%?1@1@@59%&’ AtonfNBo@lle 60 has been surrounded by a
propyl ene/ pol yet hyl ene. This allows the contents

pol
dlff%PﬂtthﬁBO‘g ardle l}’ﬂéﬁ‘l‘éh‘dés angackiraty Rytion @nd gy afsgpnaeds ftugh ports

annEthS}'ia%ﬁlel/BoZigbrlx §rdRARGrovidd £ PorSt Jqut{ EdaniVé mmdsambﬁs,m& such
t of about 60 gninR or nore,

that Hm%é%ﬁé o bE HIEHeA PEPIp 285 5 P B an e @Fd&ﬁ recognize

that Y baft€6Haek &1 @ndElEctFHbl ot OTREEbé piacelﬁa‘?mywaerebe the handle and be
Sterilized from thintE, Ihe top and bottom
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[00103]i Nng a FIGSt 304,898 3G hnd39IY lieovpsckbgiewp pethe adat-griveimeedle
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devi aving a erg o
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95 h‘% flg't xﬁ:?cfetcrohﬂgfewﬁlgth@tnte@cﬂg ¢80, THe@Pive IAA7E ntV@WMASIRES] Snotch
he rear si 37A and 37B) 5the bottom side

115{ M *@e ngertly 1Hh@lefﬁﬁ@§ togs resit aesiiiqm) GAs sipyn i Fiky 39B; the sate

asseQﬁ)W £6s éQeéﬁnF Ro4bp ﬁlHQOS achu'aﬂé}EoﬂQe d&]l@ caa&sfil'ime%fiaﬁ to
odj Qt 0 deyi c

|
rotal BF% 60! 2 ‘ﬁ‘ﬂ’é‘t"ﬁgﬂ%ﬁ“ésﬁ%t?c?'%“ éﬁ‘g E’o“sr?B ‘“8‘9 gr‘? It er‘felb" causing
the & diddiscalmpieeiresiailpfam 1tsT'h6mb'0&ptl poaltionané hiolve a@p tsand past the

el SRR L el b P, SR SE 8 B o o thc e
gatmmmy 105 isorow 185ter1gi tla:rtdheERap pimlﬂzﬁn Brbheddlo® bl isghownted from
moJx{]ﬁ Eou " af"ifg bgttneee?r{] F gﬁgéj%a%&gg TR nigaﬁc u1 ,eisn tgir? position, is
refegred fovastina “benqtt@hnastdteﬁaflthalns@lfr hdl wée fAssbhwp dn FIG. 39C, the
paw@b9 Sk @J&ﬁ d%@ngalgsé Pregmé Roth $88a dn tiRd &YJeda%nars%atln&g to move

entry tor cleanin S or gucthpn such that 0
circglarly vatilgpcqmags th&esE pregmgaingp s herge oIPOS&foPe‘I‘b‘l% £0 Ici‘PC!iYY' se from

posﬁap M (@9 he® b@moﬂ ia r&b&d ths {’ biiBoeh 8%t TR Paivl 98 Ghin@nBikes the
been surrounde H}Sy a different holl ow handl e, t hat

“Ot‘ihn]cllsﬁd d&e gate gasembht HIS has PGP LAUNTAREIPCRIVES 19 Frel a&&lé‘ at the other
stoﬁ ﬂlhl 106.PPIC 39D shows the pawl 95 engaged in the notch 115b and the drive arm 75

continuing to move circularly until it is about 190° clockwise from position # 2 (this new
position is referred to as position #3). The gate assembly 105 has pivoted clockwise again to

rest at stop pin 106. The needle 110 is pulled through the space between the tissue gap (e.g.,
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al ong the handl e/ body in order to provide a port of

entry for cleaning fluids or suction such that the
walenw086b® can be cl eaned prior to or after useCT/TRIS®B002204

skilled in the art will recognize that the battery

pack 62 and electric notor 61 can be placed anywhere

in the handle and be within the scope and spirit of

the presently disclosed enbodi nents. [00102] FIGS.

39A, 39B, 39C and 39D show serial views of the

"rear-drive" needle operating drive nmechani sm

operating within the distal end of the cartridge

hol der assenbly. The "rear-drive" mechani sm conprises
splitisiegnuap)iapg the elpsine waterialdolervs- olhe divieviem JRalan retwnns bagk to the

start@x@%%@itn@i‘m b kdt (faf%"@lbbl@ﬂseqf% 188 pdRionSWBRRA in RIGNH A he
circular inner e the cartridge hol der assenbly.

[001931G, 39k Wdﬂfﬁ%‘“ﬁé% hrrdle afghe sptering deisg 50 deessnaticeptain
battdriak, tHulsl ;ibwet'éﬂﬁayﬂﬁé’lltrl@]%m%rd'{'%edme o@Siak afetstMid Rellt i&,@ the
need| e %%ﬁg 1 gﬂdrlve arm /5 noves t% engage, a notch
OpergHiEToOPR o B extarg © EngFé’roP"’éa engomcpis e dEHISE t5i Cﬁﬁﬁgur ed
withAf abftQlRable nfoltds.in 3REhandlb @n@@?t@nﬂﬁeﬁb%@\%r 6% alttﬁchs&t B Gandle.
on.o evi ce ca

sto iin 106. Act.ua the .
The fyigewBEep cpareetst Sl e S ably sor & vt vero ek aids
loca@id oettdeahe {tedledletdeid thoop@eating $odn.OMha# pﬂ:)ver m;hewahy be plugged into
wall,%%yv%l- Iagd Lh?blg té c\:/(%envgr[t He v(v]alf OOWI’EIIQ % ,tcl'g'ba Ve &s vrogtg] ta é/{)gage
levebgsewbhyce I@Bhe vatsi i ge Sthehzgsatee:oa:mmsbmy pbwe:puoulmet hand-held unit

whichl QEKWYsFe {nlato'i-lagd BleQEeAs ﬁvonépq%aha&u 8. %%@dxtﬁé%@bcog 10>

'S now res he o
electyaes @Ub'rfésﬁelm legatéd whaousmel n@a\@kmt ththep yhanlieside the handle

Thls@:ﬂﬁﬁgerlgké‘ﬁﬁgu@&%nlm &gu&qﬁe 490or thBgaifeedl € 110, in

pOSItIOI’] is referred to as In a
Iﬁﬂlﬂ‘ﬁenet r AB¢ Hjuringderice $0 of he nressnilv disglosedyraibedimeatsgian g used for

any br@cé:duﬁ in39iich bhg, AWl orWnhaSnlRBER dbsRRNE ?&?Qe& r PR §d3Ge chosen

$ 15a and the drive arm 75 conti nue 0. nove
shoul P%%Hf FIFY TRt PSS Pens RN e taksayAriehPfinggdle tips that

can "od’km&’e WifhQhé Hévade, C&Béhﬂoséﬁ?l@ ugésgﬁkw if@udd, %ﬂe&@lﬁbkl @Paitfofl
o R D g s B A
pateBg S@itoh yr Aﬁﬁllhﬁ&nﬁbr\g ahedb e@pﬁﬁoenﬂ:itm Iﬁ%ﬁl@tetzo toe&dotomy. In

at t er
som%gﬁhesg ase 8 gg madl'i)e adﬁ,'n?ngﬁ%fqu uiei%cgl gﬁtglltchsgtuﬁ mtgngl?a%ae}gd toa
needdeothet inapmpatitde wish éheodartidge?d, gartnidgelholder aserably M2, &Bpusher

|

s BUFEINR, ANARAPSk ol S ARUHED e g
bralckﬂd\mnmoﬁla@@nmden,@gcdm ctrdacres,tnamralsn@gnqj|sncmawllk$heatgut and
syntRER AbSorbdtle hnatePid] duef ad wl?e?%bdfc@%ds Bﬁ?%apc { g@?&g&&ﬁm or

tissue gap (e.g.,split
polydigxens: al folloms The drive arn175 t hen returns back

[0o145p the Stsﬂg"a shPRRoMY pidcbdite bé/arféaiaaim r.af%@ thd OLMURE the
h i&ﬂﬁé} %ﬁltlon shown in FI G 39A % 103 In an

an virerD s prdlideg iy P Bowitak weclaye gr H@“"&é‘i‘i‘l ¢ ghesppetiipg room in
the sa@t nedA¢aEsAny other piece of sterile surgical equipment. The battery pack 62 of the
electronic module 60 has been charged using a charger and is brought into the non-sterile
area of the operating room. As part of the routine set up of the surgical field in the operating
room, a surgical scrub nurse will open the sterile package containing the sterilized handle of

device 50. The scrub nurse will then open the rear portal of the handle and will use standard

-29.



batteries, but is powered by electric power provided
fromoutside the sterile field of the operating room
w@ @Ry/08den3 t hi s external el ectric power enbodi meet/US1008002204
device is configured with an autocl avable notor in the
handl e and a sterilizable power cord attached to the
handl e. The device would be connected with the
sterilizable cord to a power supply unit that is
| ocated outside the sterile field in the operating
room That power unit woul d be plugged into wall
power, and be able to convert the wall power (i.e
120 volts or 240 volts) to voltage | evels appropriate
prachio¢ astebﬁc mohmque ibIpecssiiahd dpengbitel af thechandkerts micirsulptingsmurse who
d..uni t_whi C (¥
s o PR LG It g efy, SR e, R 3o T8 e B pfaliF
steridd BmheldoD by tiooildnge 403 endiasdroig itte theihandlpn d6@ 2f e dgyice 50. The
circ@ﬁ%% \#Qé \tml[ ék@% f&lﬁ}aglaﬁe egagtr&ﬂg rrh)%ﬂfél@ ana-m&alﬁh@%@ule 60
Iguration wo uce the size of
into[t@ 4] reaFtpertalafihe brpdichf0 sising Gtapdard peeppe &éww The mrculatmg
nurd c%ﬁ ltl%é?qass HROAU TR 3D oERR e LERnk Qi RPYY RTRGLEHUHENdID160,

ti ssue or dense soft tissue closure is

rrgswifvlewt tomRela o8 R SREFETROTTPANEE Of HERFEFE AL Yo assist in

thlscb%'ﬂglim@nﬁle EQGLQ&HE x{ursﬁ%ﬁﬁleﬂﬂx‘a%h@ﬁnﬂ@l%(ﬂ)fbytdﬂﬁlg\éadidrﬁé fbrccps or
needl e tips that can pe useg}ﬂ%th t he devi ce.

claq@e KoFatRene JakEe 0 dPF AEHD awrse i} clasehp partaly sepuife o0 1 ling the

eledtidhidTh&RIO60 InfEihs hamie.| TOlevdaB debive 30 iatdwRally fiwitHe I8ading of
rotator cu guadri ceps tendon, patellar

. 8f thﬁl ) fB
the fispoR3Rle PG $ 1988 ™ endon, and rib reapproxi mati on
[ooBb] er | aVhemit isttime amkbsem;e stérnura pie safib hines wilt agamshe sterile

dis@%%? ?%?r%é?ﬁg@%g gH { att % 1% ?Qa(a ﬁgetcage ('agyﬁ hégcgiage W1l l*ﬁe a6-
pack eOmasuture dgeidye 90 oaloededdgweo the kcatnidgzdwbith hsyseﬁlﬁl,y 7ared the device
50 a%(fnc@%? ?sncgle eZi]to G{{aké P\?r K h%?po@gr lﬁ%lPQSQ ‘?srbﬁ@t hé bfthe LED

ure na can 1 nc exa ralde or
hghmlﬁﬁ‘ ahbahdéqqtﬂlmin@iﬁrd Bhe | @ pislask andd cavockimate pathe needle cartridge

90 H‘E %lteﬁlvrxﬁmuﬁ:lp 189; c?c?ékkanerfl oGélB(g%bs ?ﬂ@e %Aﬂ}lictg%th'oﬁer assembly 72.

e materi such as olic acid
Theyestegigicarxidge, 9056 Rljgneg cbihec rlqgel §WiptasstiRDlY 78 0RHsBYd onto the

carM%gQ Qol@exsfisferxﬁﬁﬁ ‘W%nﬁ RIS eidfed cBSntalRIRKRER k@locR EHleeedlS cartridge
roce?ure andl e of _device teril

90 frplatn J06 Mk e 1R S SRFEES A “HEITE AR (e RBE BYLIPART AQR of the

carfrid@8mo, it Wh&:h&:@ﬂ’ﬁ tma?ﬁﬁ g gia 280 XtarDh’ngEe meemlmg‘ pxﬁ te@kds|282. The
e at.ter acC

neegiJ é%ﬁe?rqo 1% ag&e %{gmteg é‘ﬁ)ﬂiﬂ% cg%rd:%%l i é’ter l% h s been secured to

the aatridge Hmldw gh;bmblyt‘u ThePower-Gr larttolnﬁSdmememfumdﬂbDn The green

LE@S}/I actg}nlg lgatlr}g tthE %e&cg gﬂ {s I?caeadyO%«!: cquatct?o'ﬁ b%&ox? Flsgs g?t&egx

a surg
presagd $<ecymld tihe 0pezeihe 1lﬂeor$e,qmolr ® lpia@k@ge dewne & Ithg syrigeon’s hand.

TheS&eqfiéel éﬁzsﬁgulg%pgk (?wfare, causing the needle 110 to rotate one revolution. The

device 50 is now ready to be used to place the first suture. The scrub nurse will hand the
device 50 to the surgeon who will perform the suture placement process. Sutures are placed
at the surgeon’s discretion from top to bottom of the sternum. Typically about six to eight
sutures are used to close the sternum. As an additional measure to enhance its operational
safety, the device 50 can be programmed to have each actuation cycle require the operator to

press the Power-on button 154 before pressing the actuation button 155.
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devi ce 50. The scrub nurse will then open the rear
portal of the handle and will use standardpractice
W@s@pswos echni que to present the open portal BET/URE07/002204
handle to a circulating nurse who is | ocated outside
of the sterile operating field. At this time, the
scrub nurse can grasp a sterile funnel 600 by the
flange 603 and insert it into the handle 160 of the
device 50. The circulating nurse will take the fully
charged el ectronic nodule 60 and install the nodule 60
into the open rear portal of the handle 160 using
standard aseptic technique. The circul ating nurse can
[oo1a7hen grEsgonithenct tlengan@0fyslostivparfyummialdir6@ @ ofi tig sternotomy
closure é&qge% i %) acéao{ptﬁéﬁtetb%?lﬁel s%erﬂ'cﬁgm g&c':hntﬂatctﬂé ﬁé\HJze 4Pk bEtgveen a
h er conp nent of the device
first §de arfba sesondstidg of atswixtc,stpme@etﬂ-e itypical Riartingreint it aragndihe se
mamgo?ﬂgwaidm ﬁ&(d? Bt 9@%&1 a@sosﬂow n{Jﬁi@ 02 ﬁk%mglesn far GEPRe one

asp he scrub nurse w |

side eff the divi smwnathhmm@h@%dﬁad s'Elaﬁ $URgpop pdaces ardkaligns t&le
Openmﬁﬁtu@g df me(heuil@ cwe@ﬂ oVBethE BWSABL 8f ﬂ@¥ie€:ﬁxn5@c&t§1g the

now ready for the | oading of the disposable suture
penegafiqy w@téweg@squ é?ffb%f“%éﬁd‘?rtm? LA cegnEpeeninge The
surge%thfaH HEB lugé‘@le ?&ﬁéﬂ l@ngJdtSt?tﬁea ¥rtrld 8Bt@1Eext zﬁ@enlslfl? 7k k®elevate the divided

| osapl e suture cartr|

st g RE &b Hripsi AP RG %@3&? Pheple gt e hﬁ&% T e,
The feddle eillcakdr Ithd:%mﬂﬁ ﬁlo&x ihe adetooptridehef tha piti‘dnd gEhe surgeon
pressg:% lg%:%reodve{ onhu :E;{Ecyn g penotr Postdthomn thSQc\fnce ai% &5 g?coaglﬁsthe
actudtipnéduabn lSﬂEwhE:hdldlggtl& deBe $hdnthed degirad| lbwﬂmnab\élin thhimitton
155 %%reossgcl %l&bﬁgvéméﬂ %Il’] 85.1:[ L[ﬂé% COC??tl@g Jl@%ﬂ ?%gﬁé {nlggg &nd
gearlpox rotaging amkwageT hio Irrd:éuon asstsamﬁmd fiem thp dnsiteadthe electronic
mod&l@% ﬂqugeve ngaﬂ l§y l‘fﬂle 'fcgrb%\qngvblt tfh Ml%nfb%ﬁ&r[t& qge%rtﬂﬂl sﬁ?ﬁ to drive wheel

Ushed onto the cartrid der assenbly
to drm plﬁn@o thh énwr grafitte thechivaaanciTbe ﬂwesfé'n“t lcplqi&fék paile The pawl

engaBEEMHE Geaf AFild h&&?oigcge hébdR.. 3CEthe Ih@e AR Io ARG tH}J&gRQ@irst half
conmes into alignnment with the ockln%_pln recess

circudgr o gheggt| pHEtgs tsceedle e (81 FA SABerRiElI gt ‘b? f e stroke

that trﬁ@@tt@%m,en t Waheh fkdrivg aah RedcR&ARS et a sElaﬁe neegh arm
resentqé&? be renoved from

200,
stopg aTltﬁr ‘?Fa@é’ll’lgd‘/lg]ﬂfeélrre‘felrs CHALNITER} O R itea’t Pchsé‘uon As soon as the
drlvéia‘h{ febelge tﬂvﬂtﬁeﬁosﬁﬁ)&euh’e ldyive 2rm Skbygs dgaine rThenirive titnd ot Strts to

B AR By AR 3 L LB A e sl
throxhghtthe)norﬁﬁletwrsoﬂdmkpr Bep @hetctmvcyxuh eeaches theemt] ef thisGtroke, the
drlv%%esto "lq‘l(r% Jr'ge Qi‘ngg)xlpgxel;l b&/eps%\ﬂfrggno%%nh Qethlt?leto %Léfagtepﬁﬂltl%n As

evi ce cyc tw ce, causin
soonasdll drivielaymtreaches aistart pgitiens Jigktaps agein, anﬁéhwwl@éﬂwtqn@mal ly

powa@\erocvﬁ ag¥e BQeleeels %@%ﬁ?]a@énﬁeﬁvéﬁmrofugn He O?IHtste%f mmeemum

scrub nurse wi | device 50 to the surgeon

The flexibledeadenhan heﬁ@p'sl!ﬁduw@ anf thravgivihe Belg cegted %&P%’f“’é’gleafr e
surgBdrA®Bhow rotate the device 50 handle clockwise pulling the leader through the one

side of the sternum. The surgeon’s left hand may be used to assist pulling the flexible leader
through the sternum. The surgeon will now elevate the other side of the sternum. The
surgeon places and aligns the opening of the needle cartridge 90 over the sternum bone

locating the penetration point he desires for the suture under the bottom of the needle
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at the surgeon's discretion fromtop to bottom of the
sternum Typically about six to eight sutures are used
w0 o00clogse3 t he sternum As an addi ti onal neasurBCT/0S2007/002204
enhance its operational safety, the device 50 can be
programmed to have each actuation cycle require the
operator to press the Power-on button 154 before
pressing the actuation button 155.[00107] To comrence
the sternotony closure, any enbodi ment of the
sternotony closure device 50 is placed at the site of
the sternotony such that the device 50 is between a
first side and a second side of a split sternum the
cartridgpiopehingt Afiei thg spgeont presesthe Bndet-brebuttmultddi iohowFdby the
r
actughft BB 45 RINEAG AR R Bl o erkBmSip AR
patiept. Fleg stésfare repeated. Thiethisipoipeche Bexibledeadachasipagsad threugh this side
of thggﬁe%\‘gxg eﬁ“gffpgfr%é%%a restsl?ﬁe &%Q%@lo@ﬁiﬁh hSOL 199 1QURH oh & anti-

e.stérnum | ocat | genetratlon p0|nt
rotatg@nd éaskingdar and rofpic thapeedic w@@ge Pheloclopispio fepmgve the needle

Camrr‘%rtgolfp{gﬁﬂgnﬁmcggo The surgeon can al so use the | ower
he cartridge holder assenbly 72 to el eyvate

019K o vThededs iy Bripasrg to e %mbumrﬁ?gfor opdingef ﬁ@e%ﬁ%needle

canm@é%c_bnt Q’h@|safg%oxhbv$ll th b@rbdﬂamdfbl Rogull the ﬂeﬁib%ﬂéﬁim anth®ture
nter t sternum,from t.he_exteri

throggtash gF° e thE HEMBE P LRV THEUST PESHRE T ASCRETEtosure sutre.
The Reski¢, -fRRibidlchdun add&ripp fedtuld e mﬁeﬂ%m@ahﬂmoﬂﬁmm&suture

. 50 ang t hgn ﬁsses t he actuati on 5) qoly ng 2 ’rﬁe rocess
using S{aRd9{g PFATEC e NG SUEECT O HVEL 1P & Cfeoca 9 When® P
contirhes furtatloemdinhgisstuprsasa dick, sutgeen bMdsmongacactb'pm&y to an area near

re o Th e G t d

e SEEUprDS, o° SLATUSSRILTALL S L e LORITUON PR
compieteth usitg stansladesucgical teshmitjesst The rlewm)immey be prepared fareeaning,

sterﬁ’E iotn M é!ﬂ%l gol;dwgglcggprg%@hn: rQi ﬁglﬂpgnﬁﬁg aean%Mnel will

t to rive ate to the drive shaft

wipe dow thecuiside ofithg demire S9rwithe dipinfasismng sThqqréarpmal withie opened

and %V!]ec%%gﬁgﬁ&hﬁ@@ﬂf BemdVéd/ erRRldettomit n‘icﬁﬁlé‘ﬁﬁg Ecﬁnonﬁﬁerlle
e drive armrotates througacgafl rst half
I

eqm«mr@nt tpreepifchigures theediratd chared olgriexics . ﬁl e cleaned

to awordmgtamaardh@a clemhg ptotodolETIEd dekcR Hahdit vl BebeAliRa according
he stern en the drive armreaches the end of a

to aé’f“r“éﬂ@ St?rﬁ@aﬁ?'? Pfré’toéf’lm stops. The drive armw || then
[00108)V er Se ATefat dealnsS7anck arn@-umg stad 52 betvert theqsishdr camscmbb' and the

carifer i s EpRY e “FRENSdS 2P 1A P B S By i
drivirng th¢ ecclle thendrbe shgﬁwrll rotewphin thpTefan sepl $Meof@-gimg 57 which
Wi”g’gg‘%}"?afﬂ’mlg%?@lglqg%r (ﬂ?g du\%ﬁ &6 g%la&fp&‘f&‘ﬁlnhﬁ fis w msxde the

et 'on _ en t f1ve armTeaches the
handzln@fﬁfe tiswescleswrpdavicetl¥e drive arm stops. The drive arm

potdb] | 1 h‘%{‘mfe%‘é@ tSEsthéef ‘Pé-h@ﬂm@ﬂ:%&ﬂs%&nééh iersih a‘i‘ﬁe method

posi tion. soon as the drive armreaches a start
mclp@gg., Gh) Gﬁleaqaplysqng?gn&g gartiidgg having  PepisAtive hayping and a suturing

need¥ t@HBdrk il MBlder assembly of a sternotomy closure device; (b) placing the
sternotomy closure device having the cartridge and the suturing needle to cause an aperture in
the cartridge to be between a first side and a second side of a split sternum, wherein a pointed
end of the suturing needle is positioned within the protective housing before and after a

complete rotation of the suturing needle about a rotational axis; (c) activating an electronic
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powers down. The needle is now conpletely driven
t hrough the one side of the sternum The flexible
wo e@dmsishms been pulled into and through the hpCEUS2007/002204
created by the needle. The surgeon will now rotate the
devi ce 50 handl e cl ockwi se pulling the | eader through
the one side of the sternum The surgeon's |left hand
may be used to assist pulling the flexible |eader
t hrough the sternum The surgeon will now el evate the
ot her side of the sternum The surgeon places and
aligns the opening of the needle cartridge 90 over the
sternum bone | ocating the penetration point he desires
modé ccsdwedsu][alﬂuehdn ?ﬁeembtmmekmany@hgig&e tHeaRtlirag ale%cné tguse
peni ng. Aft t he su resses t ower - on butto
rorsfBAl Skt U P BT E R RO B, DROTioe e [RGB @vence
the withitingended fe thhﬁgh; tterfivstrsiderofthet dpéit stexhemt (ﬂ’) Huillivgd dldkurbfg material
attatcEeed tg ?he suﬂirm n@g%ﬁ tth%ﬁl;%h%ﬁ? ﬁrs?? g%ahf tgxa S 1t 5 epnusm pOIdla%f repeating
steftshe) fsm&d)ﬁ@mheﬁhwr@urdgexﬁ thensmyt Jeress foﬂmeng a»stmch tigeugh the first side
I t
and tﬂg %c@n% %Hﬁ! ggtﬁg éig%%e![rrgﬁ?h%g fhbcﬁjcg% ) e{rQ I‘%E%B@Gr%l a length of
the cﬂr% étdwasé thegepandwids of e anbémreum deve b@gée@mrﬁxm@h e
[OOfiﬁ]” ce 90y £tglq)c}q5%leng—§§pl@§cydn§ %né%u%e@?&f&@ﬁé@gxté&le@aﬁ are
scrub nursé for | oadin a second needle cartrid
hereyyy, inqayporaigd hx seferpmpe ing ‘Erﬁ’éetbofth"lﬂé’ﬁéﬁplle@)‘aﬁﬁé [that vmpus of the
abolvk-RXsclb& ARl fateSaHduuRetohs, A GheRAtRs BleARS, Ry 8d\Rsirably

st.ernum fol | om ng_st andard practlce for any st er num
comiRh P10 raRfRer ITHECTSYHPRS O APBKTHBIOBS | YA PEFRANTY Yrpreseen or

unaﬁﬁ&xbd&t&&alﬁrﬂaﬂv@ﬂﬁﬂ&ﬂﬁ&h@ﬁ@ , Y ireatiohe) Of irh@aRdtheridithbrcth Msy BY
st an

| T rqe now, NV I
sub SRRt B Bbe Sl JF 4 bSO eR Radr e ddy b ertompassed by
the mmxmg cigmsmtTmue,st ishistended ehes tlfegﬁe;@nclhomeﬁ nrtcmudal rmﬁfcations
andt ?aggns tﬁYa ¢ % v%{t]hl Za nearf tk he p)éTuPeI?i g e;r eﬁuwalents
g ed U e ‘ar &Pl acet er
closure is conpleted u3|ng standard surglca
t echni ques. The device 50 nay be prepared for
cl eaning, sterilization and charging. A typica
procedure may include: The clean up personnel wl|
w pe down the outside of the device 50 with a
di sinfectant. The rear portal will be opened and the
el ectronic nodule will be renoved. The el ectronic
nodul e goes to non-sterile equi pment storage for
charging on the dedi cated charger. The devi ce handl e
will be cleaned to according to a validated cl eaning
protocol. The device handle will be sterilized
according to a validated sterilization protocol
[00109] A Teflon seal 57A or an Oring seal 57 between
t he pusher assenbly and the cartridge hol der assenbly
72 provide a sterility barrier so that when the pusher
assenbly is
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driving the needle, the drive shaft will rotate within
the Teflon seal 57A or Oring 57 which will prevent

waryriosswgs f rom mi grati ng down the drive shaft BeOTUS2007/002204

finding its way inside the handle of the tissue

cl osure device 50. [00110] A nethod for sternum
re-approximation is provided herein. The nethod

i ncludes (a) rel easably engaging a cartridge having a
protective housing and a suturing needle to a
cartridge hol der assenbly of a sternotony closure
device; (b) placing the sternotony closure device
having the cartridge and the suturing needle to cause
an aperture in the cartridgaIMS be between a first
side and a second side of a split sternum wherein a

Whd ¥ él&%d%‘d of the suturing needle is positioned

1.

2.

MAthIn the protective housing before and after a
npl.et e rotatlon of the suturing needl e about a
rofﬁ?*&ﬁ%PﬂﬁiFgwcﬁ%ﬂmﬁﬁfgvat|ng an el ectroni cnodul e
coupl ed to a pusher assenbly that rel easably engages
t he pushenrisagblydasling at dyive aus extending fromad drivs\sbafe and ofirive
th 0
canceittch 80 REGIEAR RUQER T, PRER UG hiBaniam s copable of
fi r@cassbld@ngﬁgntmdspﬂatmg @,Muwmnee(ﬂ@)hawug laupnglt%d end and a blunt

SULHA hitht 888Edal 288t ached to the suturing needle
through the first si'de of the split sternum and (e)

repeati.n e d t he second, si.de of ,the
R YRR Shobiihe ot GaTN SHHaIs [ Cptddse

aﬂ dxtchding oanddistaDendalf atchﬁndigtl holldes tu&éﬂbm anStrﬁlB&a()lb)attaohcd to
t hroug| re repeated until t he

L SRR N RO Sl b pafia RRF LIS bty bt s

be gnsitienaaippitiox iheetretactivie M0 sidg bebie apd wBert sscongaitte ndtation of the
ap@{l ﬁﬂ%g@ eab%ﬂpthgp(%ll\tgﬁ%fs&d f@rences cited herein

I NCor por a erence in their

entlrety It mnll be appreC|ated that various of the
ab@vemndyably dedenisiaodinenntroed bt ansacagpritiat crachnicaliyengages

al ey drilel syi8% td rB&!"té?tha drlU@ézhalﬂde &5 drae|nYechMThh Nk eb tdRating the
man other%#Hffer stens or applications. Various

pré UHpE e ‘ﬁPE% %H“%‘”ﬁh%ﬂﬁlClpated al ternatives,
nodi fi cations, variations, or inprovenents therein nmay
be Thea blswmutewemd ef Pyint hodereskink b@dringindedle iaptcugthhating a

radlé’{ &n‘ﬂxé&_\ﬁh A \%‘ﬁﬂj & qot&t@bng?raﬁﬁng gm@ i 6d HQXthﬂS] Bﬂ]hlt 8¥\§hglgassem bly,

it 1s 1nten present

the qiwn?qheﬁlsmﬁelmﬁeblymaagmg:@? rs'dn@nmmdkﬁép orentdhG suteTing needle
aroﬁﬁ@hé’\ﬂohgi'tdhxﬁah%iégp‘ﬂ@ dme i@, appended clainms and their

3.

eqU|vaIents CLAI M5 W 'S clalned is: 1. Atissue

i 198 el r G T g %?1 7 b rRRRE R e A roes”

mechani sm at a dlstal end of the drlve arm wherein
t he carveddiprpordring asrar¢ greatapthd abayf 180° and less than about 330°;

at least one groove for engaging an anti-rotate and locking bar on the cartridge holder

assembly;

a track in a wall whereby the suturing needle follows a curved path along the track

during needle rotation; and
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rel easably engagi ng and rotating a suturing needle
havi ng a pointed end and a blunt end about a

WO eaoamswnal axis; a cartridge having a protectP@BUS2007/002204
housi ng and the suturing needle, the cartridge
extending froma distal end of a cartridge hol der
assenbly and rel easably attached to the cartridge
hol der assenbly, wherein a pointed end of the suturing
needl e is positioned within the protective housing
before and after a conplete rotation of the suturing
needl e about the rotational axis; and a renovable
el ectronic nodul e controlled by an actuator that
nmeahapirnad inthe ograegelp whighdmtercepts Hefttack ohewbathe pofirged end of the

drive .shaft,,and the,drjv ' .
T AT A U L
ti abwe tied mslur e device of claim1 wherein the suturing
needl e is arcuate having a radius comrensurate with a

4. 1 Ohﬁﬁ%i?aﬁlctlc{]saéi desicObf E1hEn SkinvRimRe Badissmtafof ke nfiLstied and
asse ,

' : ) e drive nechani smre| easab e i ng the
lookG A It e BT ep BusP DR APArE® ST e ol S P u i on
aperftd}€ it @B Ghilde1RNder%issmBly. t he drive shaft. 3. The

ti ssue closure device of claim1 wherein the cartridge

further conprises: l.i L
5 gr ddp s BRI R oo BB £ el BRYTLH AR IR A ferg an ace greate
tharl abmst 18 end tasoihen lbgut 3 yiving 2anpentirt located diaggnd to the blunt end
] . cartridge hol der assenbly; a track
.hréﬁﬁgmggfpﬁ@ﬂggékﬁﬁ%he suturing needle follows a curved
path al ong. the track duri needl e rotation;. and .
6. apdiediEopFRA R PEaRIR "HHoE e cePEas raEneRdea foxible
leadoheigabyd fohewpeknived end of the suturing needle
traverses the aperture during each revolution of the
sutyr.i n | e 4. '
7. GoviiEuM IR et R oI oftichn the AURIG 13 il BRMGR targer
tharem tiametsr af Bearitk Jubki ng bar with the cartridge causes
the aperture in the cartridge to be aligned with an
8. aperteUlsSud dlodufeddiddetoficgn 6htefiet a dkarid lof theFlexBieleader is equal
tissue closure device of claiml wherein the suturing
to aiarpter AINBYEC SHI%r ¢ greater than about 180 and | ess
t han about 330 having an aperture | ocated adjacent to
9. t heTHsl tismte domiré daviengalpim@ vehesein ameshanieal erijnplengages an end of

the flexible leader and an end of the wire suture.

10. The tissue closure device of claim 6 wherein the flexible leader is a wire cable.

11. The tissue closure device of claim 6 wherein the wire suture is composed of stainless
steel.

12. The tissue closure device of claim 1 wherein the cartridge holder assembly further

includes a gate assembly to maintain the suturing needle within the protective housing of the
cartridge, wherein the gate assembly pivots to permit a circular movement of the drive

mechanism that engages the suturing needle.

13.  The tissue closure device of claim 1 wherein the actuator is a manually operable

trigger, button or switch.
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6. The tissue closure device of claim5 wherein the
suturing material includes a flexible | eader engaged
WO 000a/08%60® suture. 7. The tissue closure devi cECD{S2007/002204
claim6 wherein the flexible | eader has a di aneter
| arger than a diameter of the wire suture. 8. The
ti ssue cl osure device of claim®6 wherein a dianeter of
the flexible |l eader is equal to a dianeter of the wire
suture. 9. The tissue closure device of claim®6
wherei n a nmechani cal crinp engages an end of the
flexi ble | eader and an end of the wire suture. 10. The
ti ssue closure device of claim6 wherein the flexible
14. | edkketissiis claswk devicadi cdaimlllwherbie the atuptords agiveed bgwitomation
. Of Cll a*i.m 6 vvherpien the wire suture is conposed of
USINE ALFIRTEE BOYY'S8M 12, The tissue closure device of
clai m lwherein the cartridge hol der assenbly further |
15. | nThetissye alogpe deviexsefifhin k wherginthedciatords agitvated fhy automation
usinD Sk &ML ddieerRb@EECt i ve housing of the cartridge,
erein the gate assenbly pivots to permt a circular ,
movenent of the drive mechapi sm.that engages .the .
16. Sl TRy RlostiF derisStollE | B e Beu Rt Aer comprises:
claim1l wherein the actuator is a manually operable
t r 2 gower, sobisetforproyidingipowar tb4he atpedranicsodules| osur e
device of claim 1l wherein the actuator is activated by
aul R 480 aphibxANatPrGdd d OtHoNE TR0 ¢S fftate e-driVBehaft and the
tissue closure device of claim1l wherein the actuator
i s IH¥s PEheBE™Y rﬁtﬂfeéﬁ%flitlbﬁ‘f'glﬁ%ﬁ’ an el ectromagnetic
power source. 16. The tissue closure device of claiml
when eleetranties hopwicthatmengolyoperttion efithhedectronigponpde: a
power source for providing power to the electronic

Mg Wop plde Hat BhitdHe rotaB&RST tROIritd bt Rh@edRiva mechanism; and
rotational force to rotate the drive shaft and the

dri \(/ienvggvglgg 0 Jind t Urilv t ﬂtttﬁatteplg 2y y&hb@?la&eo%cwg% At assembly and
el 80 ront cs poa f'haf' contr ?gS operation O ‘fwe
el egipliena wrquedoldgive thesubping negdde, hdat lpdshiwempgnets and a Hall

satpiion o . . shrsmegrs
N A e R L R L e

drive plate on the pusher assenbly and su‘grpl les a
17- t oféie&S6 clpsrigdlerice oseleint | hyhreldhePovssdolee felilps ¢ rstery
pacragnets and a Hall

18. The tissue closure device of claim 16 wherein the power source includes an external

power supply connected to a handle by a sterilizable cable.

19. A cartridge for housing a suturing needle for use in tissue re-approximation

comprising:
a housing having a curved shape, an inner wall and an outer wall;

a track in the inner wall of the housing whereby the suturing needle follows a curved

path along the track during a revolution of the suturing needle; and
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effect sensor used to detect the rotational travel of
the drive shaft. 17. The tissue closure device of

W@ k@7 /08963 wher ei n t he power source includes a PEI/USI097/002204
pack. 18. The tissue closure device of claim16
wherei n the power source includes an external power
supply connected to a handle by a sterilizable cable.
19. A cartridge for housing a suturing needle for use
in tissue re-approximation conprising: a housing
havi ng a curved shape, an inner wall and an outer
wall; a track in the inner wall of the housi ng whereby
the suturing needle follows a curved path along the
t r ae kpegiyrd inghshqueing that inderceifts the draglytwhteraig thedeysiag shields the
?pgggtea RAK bEAE shtﬂrifn% ﬁeéawmrmgiat R84t al paHRIC M Sreb dition of the

) erei n the housing shields the pointed end of

t heutgiigapdedl§- needl e during at |east a portion of the

revol ution of the suturing needle. 20. A suturing
20. neaHuauringmetdie fdriisé inStisvee fe@ppaRimationbirisiagnpri si ng:

a curved body having a pointed end that is protected

at a3lvE8 gocgI ha@ir{goat tnlltgﬁleﬂﬁﬁgtqsﬁn) c?edbalt Qngncﬁ&da xto%()n cycle and

engages a suturing material, erein the suturing
a blyngeed thal engagasei sytiging nfatesial. brherdie hgsptusing speatial eomapriges @
ﬂcxﬁﬁ:‘lH o%rer?%:FedT & wil WihR9 needle of claim20 wherein

the flexible | eader has a dianmeter |arger than a

o LTS e ML S, 02 0 The AU, 2EE s

a didmset@ifalie Wive sutaieanet er of the wire suture. 23. The
suturing needle of claim20 wherein a nechanical crinp
22. ENGRIEH AL FRHIUr oL 2bLhekdd el 1Rk s cqual
_ the mFrg S ture. 24. fhe sJ?u?P%g%negdﬁgqg C a%#n%ﬁmuatoa
dianfaigriof de Wwishtersi ng an aperture between the pointed end
and the blunt end. 25. The suturing needle of claim?20

23. V\hlqge bmﬁi.kge?]efehwefblaan I26aERFeih 8 nRchini®l &l 8ngagbdar ¢hd of the
\ ed to the wre suture. 26. The suturing needl e of
ﬂex@f"alf?ﬂ%?e“%b‘?"éiithtfeh‘@"?l\f‘ft\é"es uture is conmposed of
st ai nl ess steel.
24. The suturing needle of claim 20 further comprising an aperture between the pointed

end and the blunt end.

25. The suturing needle of claim 20 wherein the flexible leader is a wire cable, and is

welded to the wire suture.

26.  The suturing needle of claim 20 wherein the wire suture is composed of stainless
steel.
27. The suturing needle of claim 20 further comprising at least one notch along a radial

edge of the suturing needle, wherein the notch is capable of releasably engaging and rotating

the suturing needle about a rotational axis.
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27. The suturing needle of claim20 further conprising
at | east one notch along a radial edge of the suturing

woeadloggeomwher ei n t he notch is capabl e of rel eaBeblUg2007/002204

28.

engagi ng and rotating the suturing needl e about a
rotational axis.28. A nmethod for tissue

re-approxi mation conprising: (a) releasably engaging a
cartridge having a protective housing and a suturing
needle to a cartridge hol der assenbly of a tissue

cl osure device; (b) placing the tissue closure device
having the cartridge and the suturing needle to cause
an aperture in the cartridge to be between a first

Si d& nBbEfos 66408 eb-Sipiexibtich donfiFlsmgsegment,, wherein a
pointed end of the suturing needle is positioned

rotectiyv efore aft
coria) QrERREB ARG SrlHE ko EhN B o Bl d sturing necale
r ot @td wrtaildgakolder agssinbcef atissiagjosune éévem; roni ¢ nodul e
coupl ed to a pusher assenbly that rel easably engages

t hes Wiakind e BieRd R stre deRYS Baviitt @b 'chrthgemﬁH %[E%‘ﬂturi‘ﬂ& needle to
the suturing needl e across the aperture in

car‘t"tuF%@"eaPSﬁtifedﬂWgrlfi%f-’etosbﬁtbﬁi"’ieﬁ@ adsg §ids aﬁii iaé%&j’ﬁd gideofa

firgdsusbdbehedt, V‘Iﬂa%uﬁzpbotﬁteﬂ B S BEthe SRR necd®is Bé’dlﬂldrﬁg within the
suturin mat er i gFfatt ed to the suturiqg need

¢ hr BRIV RO Fine r ¢ fiemelicirpiatipa i de §‘étij'ii%'i.‘33d‘e about a
androfgionslegx@at i ng steps (c) and (d) for the second

side of the split ti ssue segnent forning a stitch

thr 0 [

i Y bl LSRRt BRGNS il bttt
whetngegesshe puring) needle duepnsg efatipnal m@mé@if tbnﬁuturnw needle

| engiyBssQhe dRufel ih e (ﬁhﬁ@g@aﬂi@ ddPshes Bl ql%ecﬁé thti'cl)i_%h the first

split tissue segnment have been re-approxi mated.
ThesSideofibe split tistusgisRg®E wherein the tissue segnEnt

i ncludes bony material. 31. The nmethod of claim 28
whe(d@ipullipea dutsiigenasaiianiched tcaths phtilingiie2dRURRough the first side of
re |rqusgﬁg E%gﬁlﬁ%tlon 32. The nethod of claim 28

wher 6Nt he Ste” El%sure device conprises: a pusher
assenbl y haV|ng a drive armextending froma drive

shafed reprating BEPSAE) snddAbfor ih sqeond siflesit ghe sphititissiie sdgment forming
dri ¥ &it8H frolMAShEift filkearfli'thy ScPREHAOLEI t;ﬁn@i@t@@ggnaﬁ.
rel easably engagi ng and rotating a suturing needle

202400, 20 9 PLEEL 510,200 A EIph B SO0V B et o

the \finstshiletand tltmaet:amdcbgﬁ dishd spijt tidsee pacnteachdvededrotesdpppxaisied.

30.

31.

The method of claim 28, wherein the tissue segment includes bony material.

The method of claim 28 wherein the tissue segment is a split sternum requiring

reapproximation.

32.

The method of claim 28 wherein the tissue closure device comprises:

a pusher assembly having a drive arm extending from a drive shaft and a drive
mechanism at a distal end of the drive arm, wherein the drive mechanism is capable of
releasably engaging and rotating a suturing needle having a pointed end and a blunt

end about a rotational axis; and
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the suturing needle is releasably attached. 33. The
nmet hod of claim 28 wherein the suturing needle is

wae@aaswsohavi ng a radi us comensurate with a reCBRUSZINADN2204

33.

radi us of the drive nmechani smof the pusher assenbly,
the drive nechani smrel easably engagi ng the suturing
needl e to orient the suturing needl e about the

| ongi tudi nal axis of the drive shaft. 34. The nethod
of claim28 wherein the cartridge further conprises: a
curved Hp covering an arc greater than about 180 and

| ess than about 330; at | east one groove for engagi ng
an anti-rotate and | ocking bar on the cartridge hol der
as seeivirige ﬁolﬁéraﬁb’enilb’ly & Waich theharadye Ramgahé Elfoltd&ﬂve housing and
needl e follomg rvgﬁygatp(ﬁlong the track during
neddf &1 PIR&RSS W‘S s {&P¢re in the curved lip

whi ch intercepts the track whereby the pointed end of
t heTlwunethpd of ¢igied? &wherainehsaturingmeadle it arcwtahavinpp rdok

corﬁrxﬁéé{r%%%i\ggh ggot%ﬁtﬂﬁ;lafn}éag{s iﬁﬁg\re gﬁﬁg tlﬁﬁcﬁzln?sqgoit tlﬂg p![.?s%tep?sséébly, the

e suturing

driveoyeghaniam relegsablyeagaging tha sutatiegneetBo arignt tbssxt'mhmmeedle about

35.

the 30Q4hdR gaxwtmdmsﬂgﬁrture | ocated adj acent to the

bl unt end for engaging a suturing material. 36. The

ere t he, suturing materi al
4. o Pifreghad PR hekhdbe GHEHRE TS PR FE satur .
37. The nethod of claim 28 wherein the electronic
nodatwvedlimpedvering anlat\ereatemiiranabbyt 18pRambless than gger 330°;
button or switch. 38. The nethod of claim28 wherein
t heat@dRESHQbE e TBHHBgih S aR Ghtl-HM 8 AndPMcRME BAPSH R ca{%;crgg holder
an electrlc power source.39. The nethod of claim2
Wwhetse§mblhe el ectronic nmodule is activated by
aut omati on using an el ectromagneti c power source. 40.
Thea tratkhiod vedll wheaeby tH8 sutindigricedie el e secturost eatiialdng ®e track
sternotony closure device. 4 1.
Théﬁﬁggh%%th&&?aln1 8 wherein the electronic nDduIe
further conprises: a power_ source for providing powe
t 0 AaPeEpEEdR ﬂ@rﬁueveﬁd@uy}gch intercepts the track whereby the pointed end of the

suturing needle traverses the aperture during each revolution of the suturing needle

along the path.

The method of claim 28 wherein the suturing needle covers an arc greater than about

.180° and less than about 330° having an aperture located adjacent to the blunt end for

engaging a suturing material.

36.

The method of claim 35 wherein the suturing material includes a flexible leader

engaged to a wire suture.

37.

The method of claim 28 wherein the electronic module is activated by a manually

operable trigger, button or switch.

38.

The method of claim 28 wherein the electronic module is activated by automation

using an electric power source.



a notor and a gear box that provide a rotational force
to rotate the drive shaft and the drive nmechanismto
WO odoaiesbhe suturing needle; an el ectroni cs boreTUsIvat/ 002204

controls operation of the electronic nodule; a stop
plate that limts the rotation of the drive shaft and
the drive nmechanism and a drive wheel having a drive
pin that engages a drive plate on the pusher assenbly
and supplies a torque to drive the suturing needl e,
and at least two magnets and a Hall effect sensor used
to detect the rotational travel of the drive shaft.

42. The nethod of claim4 1 wherein the power source

39, CONFHel idtBodeofleadimeXsyv itasik thedlectrbhie niteiultOid aéfvatddaiyButbmation
_mher?in t he power source conprises an external power

using g3 f'SFrEHARIE BEVFLS4 Handl e by a sterilizable cable.

40. The method of claim 28 wherein the electronic module is removable from the

sternotomy closure device.

41.  The method of claim 28 wherein the electronic module further comprises:
a power source for providing power to the electronic module;

a motor and a gear box that provide a rotational force to rotate the drive shaft and the

drive mechanism to rotate the suturing needle;
an electronics board that controls operation of the electronic module;
a stop plate that limits the rotation of the drive shaft and the drive mechanism; and

a drive wheel having a drive pin that éngages a drive plate on the pusher assembly and
supplies a torque to drive the suturing needle, and at least two magnets and a Hall

effect sensor used to detect the rotational travel of the drive shaft.

42.  The method of claim 41 wherein the power source comprises a battery pack.

43. The method of claim 41 wherein the power source comprises an external power

supply connected to a handle by a sterilizable cable.
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