APPARATUS AND METHOD FOR Tl SSUE CLOSURE RELATED
APPLI CATIONS [1] This application clains the benefit
of priority to U S. Provisional Patent Application

3,038 filed January 27, 2006, whi chcirfissz007/002204
W%ﬁ@%ﬁ%%igted herei n by reference. FIELD [2] 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 stenotony closure, anong ot her
procedures. Mre particularly, enbodi nents discl osed
herein are useful for the manipulation and control of
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medical professional must manvally wrap an end of one wire around the other wire either
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length and uses surgical tools to bury the sharp, cut, twisted ends of the wires into the space



medi cal professional and the patient. Mnual suturing
is often difficult because the suturing needl e nust
be forced through tough, dense bone. Manual suturing
al so involves the handling and nanipul ation : _
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acci dental needle pricks through a surgeon's -or
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for the surgeon, nurse, stag and patient.
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~drawi ngs. [8] In accordance with a first aspect of
the present invention is prayided a notorized
suturing device conprising: a) a needle disposed in a
needl e track, the needl e track being adapted and )
configured to guide the needle along a curved path
about an axis of rotation substantially parallel to
the | ongitudinal axis of the device, the needle
having i) a curved body, the curved body covering an
arc |less than about 3300; and ii) an engagenent



met hod for tissue re-approximation conprising: (a)
rel easably engaging a cartridge having a protective
housing and a suturing needle to a cartridge hol der
assenbly of a tissue closure 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 side and a second side of a
bony tissue segnent, wherein a pointed end of the
suturing needle is positioned within the protective
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sur ?q ﬁ% g the pe eaqdrp) ARPRRE containing a motorized drive, at least a
portion of the drive being adapted and configured to reciprocate about the longitudinal axis,

the drive having sufficient power to drive the needle through bony tissue of a patient,

[009] In accordance with a second aspect of the present invention, there is provided a
suturing needle comprising: a) a curved generally toroidal body with a first sharp pointed end
and a second end, wherein the curved body has an arcuate extent less than about 330% b) at
least one substantially planar engagement surface defined on the generally toroidal body
displaced from a radially inner region of the generally toroidal body, the engagement surface
being adapted and configured io receive a needle rotation drive of a suturing mechanism to
facilitate driving the needle through a circular path; and c) suturing material including a

flexible leader engaged to a wire suture connected to the second end of the needle.

[001.0] In accordance with a third aspect of the present invention, there is provided a
method for tissue re-approximation comprising: (a) releasably engaging a cartridge having a

protective housing and a suturing needle to a cartridge holder assembly of a tissue closure
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] The presently
di scl osed enbodinents wll be further explained wth
reference to the attached draw ngs, wherein |ike
structures are referred to by Iike nunerals

t hroughout the several views. The draw ngs shown are
not necessarily to scale, wth enphasis instead
general ly being placed upon illustrating the
principles of the presently disclosed enbodi nents.
[0016]FIG 1 is a pictorial view of the main
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suturing needle to cause motorized rotational movement of the suturing needle across the

aperture in the cartridge and advance the suturing needle through the first side of the split
bony tissue segment; (d) pulling a suturing material attached to the suturing needle through
the first side of the split bony tissue segment; and (e) repeating steps (c) and (d) for the
second side of the split bony tissue segment forming a stitch through the first side and the

second side of the split tissue segment.
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[0020]FIG 54 is a perspective view, of the relative
configuration of a tissue closure needle with respect
to the pusher assenbly. FIG 5B and FIG 5C are
sectional views of the tissue closure needle and the
pusher assenbly. [0021]FIG 6 is a perspective view
of a cartridge holder assenbly of the tissue closure
device of HG 1. [00221FIG 7 shows an expanded vi ew
of a needle cartridge. 100231FI G 8A shows an
expanded view of an anti-rotate and | ocking bar. FIG
8B shows an expanded view of the relative
configuration of the anti-rotate and | ocking bar with
0%dEpect to a suturing needl e housed in a needl e
cartridge. 100241FIG 9 shows cl ose-up view of an
[o@kt ernative cartridge | ocking nmechanismutilizing a
retractable pin incorporated into the cartridge

Eﬁﬁder a sengly i nstead of a | ocking bar.
[0 007/ 08a%i8 2petdarensdhat bothsimuforegoing 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 descriptior, the drawings serve to explain the

principles of the invention.



[0025].FI G 10 shows an isolated view of the cartridge
| ocking pin of FIG 9. [0026] FIG 11 shows a cutaway

WoeWoRbocoe cartridge locking pin of FIG 9 engaged. ..
~with the Tocking pin recess of the cartridge.

[00271FI G 12 shows the |l ocking pin recess of FIG 11
on the proximal surface of the needle cartridge.
[0028] FIG 13 shows an anti-rotate bar without  the
| ocki ng bar feature, which can be used when t he
| ocking pin feature of FIG 9 is incorporated into
-the cartridge hol der assenbly. [0029] FIG 14A shows a
‘perspective view of the relative configuration of the
needl e cart r RRAERPESCREZHON OFTHE DRAMINGSge hol der
assenbly and the anti-rotate and | ocking bar before
[0815 nheedllThe prasantly dgelohﬁanibeéﬁnehﬁ@kle te funher q&baﬁﬁd with @ference
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the severalyieys- dw deayyides shaws emoynq:ndamlh ec- wakj witotragasia hdtead

gehélﬁllfj B8ndihce &t 1Ilhﬁﬁtlﬂ%%lp?in&?feg 51‘;1 OQ Brefifidy Q‘%ﬁgsed

ked into place 003 Ws a sutur
b@fq’g?eﬂ Br on the top side of the cartridge, used to
hol d

[0016] FIG.1is a pICtOI"__Ial view of the main components of a tissue closure device

provided in accordance with the invention.

[0017]f FIG. 2A and FIG. 2B are perspective views of a front end assembly of the

tissue closure device of FIG. 1.

- [0018] ' FIG. 3A shows an expanded view of'a pawl. FIG. 3B and FIG. 3C show an _

expanded view of a pﬁshcr assembly with the pawl in place.
[0019] FIG. 4 shows an expanded view of a curved tissue closure needle.

-[0020] FIG. 5A is a perspective view of the relative confi iguration of a tissue closure
needle with respect to the pusher assembly. FIG. 5B and FIG. 5C are sectional views of the

ttssue 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.

" (00221 FIG. 7 shows an expanded view of a needle cartridge.

[0023] FIG. 8A shows an ef;panded 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 jocking

" bar.
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the suture nmaterial away fromthe needl e, drive arm
and pawl of the needl e pusher assenbly. [0031]FIG 16
WO Redhgar war d- I eaning perspective view of II‘%%{ 007/002204
front of the cartridge, revealing the recess 0o %
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 vi.ew
of the needle cartridge and suture retainer of FIG
- 15, revealing the detents of the suture retainer-
rojections that ‘hold the suture material within the
P¥tess. [FHE3Ustp@s anigolaled wiswepf theaditdddsriedd gt iatf iah 9.
be installed on the needle cartridge fromthe -
(ol si de/ #IGt Hishews § acevdf vitw of datdririddgRckin¥Bln of FIG. 9engagcd

w&P{P,Z/I&ﬁ%g%PQJs&J S %%9@@204

[0027] FIG. 12 shows the Iocking pin recess of FIG. 11 on the proximal'subface of
the needle cariridge.

[0628] - FIG. 13 shows an anti-rotate bar without the locking bar feature, which can be
used -when the locking pin feature of FIG. 9 is incorporated into the cartridge holder
assembly. ' ’

[0029] " FIG. 14A shows a perspective view of the relative configuration of the needle -

cartndge with respect to the cartr:dge holder assembly and the ant:»rotate and locking bar
- before the needle cartridge has been locked into place. FIG. 14B shows a perspective view
of the relative confi iguration of the needle cartridge with respect to the cartridge hoiderr

assembly and the anti-rotate and locking bar after the needle cartridge has been locked into

place.

[0G30] - FIG. 15 shows a suture retainer on the tdp side of the cartridge, ﬁscd fo held

the suture material away from the néed[e, drive arm and pawi of the needle pusher assembly.

[0031]  FIG. 16 shows a rearward—leanirs’g perspective view of the front of the

cartru:lge revealmg the recess of the suture retainer of FIG. 15 into which the suture can be
placed
[0032] _ FIG. 17 shows the suture matcrial'ih 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 withiﬁ
the recess. B
[00341 "~ FIG. 19 shows a needle brace that can be installed on the needle cartridge

from the outmdefdlsml surface of the cartridge.
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[0031FI G 20 shows the needle brace of FIG 19
install ed agai nst the needle cartridge. 10036]FI G

rear perspective view of .the needl
%g”%\g%f i nst aIOI ed in the cartridge, revealq?qﬂlgﬁﬁaﬁ@mzz“
positioni ng adjacent te the blunt and poi nted ends of
the suturing needle. [0037)FIG 22 shows an
alternative design of the needle brace of FIG 19, in
which the stop at the pointed end of the needle
conprises a flexible tab, which can aid in securing
the brace onto the cartridge. [O00381FI G 23 shows
the needle brace of FIG 22 installed onto the
[083g1 t r i dgBIGsHohwwgthchecdld bridstFIGalP isstalfrdodaiostiie rehdle
cafiigd of the needle. [0039)FIG 24 shows an
el ectroni ¢ nodul e of the tlssue cl osure device of

0FkE or HRELRETS s e oS Sy ot LR Bt 3?%@% Yot
in fencagadgsf refé¢aling ity positidning adipcent ketht blinomtl pparcdpedt dfvie

' : t perspective (B), .right front perspective
Sugugs)ﬂgn Jd%n rear perspective (D), rear perspective (F),.

E ective top perspective (G and
: [0%"8 t om pg}(}p’é@g Waan ﬂtefnahz/e demg?n of the ugcd e brace c& G. 19, in which
the stop at the pointed end of the needle comprises a flexible tab, which can aid in. securmg

the brace onto the cartridge.

. 10038] FIG. 23 shows the needle brace of FIG. 22 installed onto the cartrldge
showing the flexible tab snapped onto the pomt of the needle

[0039]_ - FIG. 24 shows an electronic module of the tissue closure device of FIG. 1.

- Too401 . . FIGS. 25 A — H show various perspective views of the electronic module of
the tissue closure device of FIG. 1, including a left front'be:spegtive*(A), front perspective
(B), right front perspective {C), left rear per5pect;1ve (D), rear perépective (E), right rear
perspective (F), top perspective (G) and bottomn perspcctive (H). '

[0G41] FIG. 26A, FIG. 26B and FIG. 26C show views of a tissue c:losure: device

wherem the electronic module has been encased in a housing.

[0042] FIGS. 27 A - F show the installation of the funnel into the back end of the

" handle of the suturing device, with the funnel aligned with the barrel of the handle (A and D),
the funnel in position within the handie (B and E), and the electronic module of FIG. 24
aligned with the installed funnel (C and F).

[0043] FIGS.28 A—-F éhow'va:ious'pérépective views of the funnel of FIG. 27 in
isolation, showing the rear (A), front (B), rlght side (C), left side (D), top (E) and bottom @
of the funnel

-[0044} FIG 29 shows the electronic module of FIG 25 showmg an altematlve

arrangement of the powe:r and actuation buttons and indicator LED's.
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[0041] FIG 26A, FIG 26B and FIG 26C show views of a
tissue cl osure devi ce wherein the el ectroni c nodul e

has been encased in a housing. [0042] FIGS. 2 -
RSN PHEN nstal | ation of the funnel into the%5§@§mgwgnﬂ”

of the handl e of the suturing device, with the funne
aligned with the barrel of the handle (A and D), the
funnel inposition within the handle (B and E), and
the electronic nodule of FIG 24 aligned with the
installed funnel (C and F). [0043]FIGS. 28 A- F show
vari ous perspective views of the funnel of FIG. 27 in
i solation, showing the rear (A), front (B), right
joedsgle (O FId}EfﬂtshSWdal £dDjrged G~ 65 drivedvHeck dandms{ob)pladd. A drive

n 0 | ectroni ¢ nodul e
mBPmﬁ%ﬁ?sggsmh %K”édéﬁéﬁpter S%t\zlyﬁve a#?angenent of the
ower and actuation buttons and |nd|cator%é;
7/ 089 EHS ATy - 18> A by 478 313 A OBaE| epae e%‘I‘P&Ws"‘%\‘FP of the

’;ngﬁh&hg@émxbﬁmb@&macﬁﬁM¥aeMﬁ£el and a stop plate. A
rive :

[0047] FIG. 32A shows an embodiment of a tissue closure needle having the tissue
closing suture material atiached thereto. FIG. 32B shows an expanded view of a crimp that

houses the ends of the two materials that form a tissue closure suture material.

- [0048] " FIGS. 33 A-C show details of the construction of the pointed end of the tissue
closure needle of FIG. 4, with the distribution of the facets (A), the angle of the outer
curvature facet (B), and the resulting shape of the needle point (C). |

[0049] . FIG.34showsa diéposable paper and plastic film package englosing‘the,
sterile needle cartridge of FIG. 7, and the suturing needle and attached suture material of
FIG. 324. '

164501 - FIG. 35 shows an embodiment of a tissue closure device of tl*ig: presently

disclosed embodiments.

: [0051] o FIGS. 36 A — C show front perspective views of ah embodiment of the N
suturmg device of FIG. I, with needle cartrxclge attached, mcludmg left front (A), front (B), .
and rlght front {C) perspectives.

jo0s2) . FIGS. 37 A - D show other perspective views of t_hg suturing device of FIG.
36, without an attached cartridge, including left rear (A), right rear (B), bottom'(C) and top
D) p’erspectives;

[6053] - FIG. 38 shows a further embodiment of a tissue closure device pfovided in

accordance with the invention.

[0054) FIGS 39A-39D shows the 0peratlon of the dnver arm in the carmdge holder

" assembly operating in a rear drive mode.
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pin penetrates the stop plate and rides in a
"0-shaped" track. 100461FI G 31A, FIG 31B, and FI G
31C show segnented sectional views of the -

WEDHPOIReFBs of the tissue closure device. [OOH@Pﬁﬁ%?Wmnﬂ“
32A shows an enbodi ment of a tissue closure needle
having the tissue closing suture material attached

“thereto. FIG 32B shows an expanded view of a crinp
that houses the ends of the two materials that forma
tissue closure suture material. [0048] 'FIGS. 33 A-C
show details of the construction of the pointed end
of the tissue closure needle of FIG 4, with the

[0o8;St 1 i buiic 3o Qifxov?% dne@hnd Ha, tlsmé%lc@ﬁg kievied ptiddQ@ata
'stegn??tg)%{yes;tg {sé&?h:}g{tﬁlilc e 15[1662@? %ét Iglgﬁ Eg%ﬁé(l)r&%ldse O%a%plﬂ:f

- stefiugposabl e paper and plastic film package encl osing
the sterile needle cartridge of FIG 7, and the

[0 ogagt uri nMﬁ@%%&@%&%@&&%@@%&@&ﬂm&s%ﬁﬂwls@ctseﬁ G

[ 0050] FI G .35 shows an enbodi nment
emép%glmlt@ ealg\y F@goqdpleiftﬁ%reﬁllsg§gwfrr\9laﬁfi,§8 |n8t§€81 tﬁe lSCL!SS!On This

diseiehad] pﬁ%ﬁﬁllustratwe embodiments by way of representation and not limitation.
Numerous other modifications and, embodiments can be devised by those skilled in the art
which fall within the scopé and spirit of the principles of the presently disclosed

em_bodiments.
DETAILED DESCRIPTION

[0057] Reference will now be made in detail to the present preferred embodiments of
the invention, examples of which are illustrated in the accompanying draw‘ings. The method
and corresponding steps of the invention will be described in conjunction with the detailed
description of the systém. 7
[69058] The devices and methods presented herein may be used for tissue closure. Ther
present invention is particularly well suited for procedures_iﬁvolving-bony tissue, such as
sternotomy closures. As depicted, the disclosed tissue closure device, or suturing device, isa
motorized, electrically powered apparatus. The power source can be battery or standard wall
| electr;lcal power. The tissue closure devices disclosed herein advantageéusly prevent
accidental needie punchures to the medical prof‘essional and readily and easily drive needles
through bony tissue, eli iminating the need to manually force the needles through the bone.
‘Within the context of stemotomy ciosure, the disclosed dev;ces protect the heart and ad_]acent
vessels and structures from inadvertent needle punctures durmg closure and replicates the
standard sternotomy closure technique. In so doing, the disclosed embodiments provide
~ easier and more fluent manipulation of the wire or wire/cable combination within the chest
‘cavity or other ah‘atomy, and produce tissue closure in a time efficient manner so the patient .'
is not subj ected to health risks associated with having a tissue segment, Such as the ;temum,
open for more time than necessary. o
[o0s9} The main components ofa tlssue closure device of the preésently dlsclused

embodiments are shown generally at 50 in ¥IG. 1. The tissue closure device 50 can be used

5.



[0051]FIGS. 36 A - C show front perspective views of
an embodi ment of the suturing device of FIG 1, with
needl e cartridge attached, including left front (zA
WORBNsY6A8) , and ri ght front (C) per spect i ved® Hoshithionrzos
-[0052] FIGS. 37A - D show ot her perspective views of
the suturing device of FIG 36, wthout an attached
cartridge, including left rear (A), right rear (B),
bottom (C) and top (D) perspectives. [ 00531FI G 38
shows a further enmbodi nent of a tissue closure device
provi ded in accordance with the invention.
[ 0054] FI GS. 39A- 39D shows the operation of the driver

to fRbduBe b BorfilBous Adrtnidre e&m!a@msi&h uﬁ&&ﬁﬁéﬂl PHUBPEY Bd Bxgibletldure of
ther ear dri vg nmode. WD 2%0 0603Fr>][l 52%070/ 00%2?0‘!3 50 isa

Figogbatyeasa o LRI L ROEHH B FHERR 0T PILHfe SRTIGLTN 8
mofE¥Ed; Batithap@ckrad apparatus designed to prevent needle punciures during
sternotomy closure or other similar prdcedurés. Device 50 delivers reliable closure using
standard needles and wirés and repliéa’te_s standard tissue (e.g., sternotomy) closure
techniques. Device 50 caqsi{y- drives needles through bone as well as other tissue, thus
eliminating the need to manually force the needleé through the bone; and protocts the heart
and adjacent vessels and structures from inadvertent needle ﬁuncturcs during closure.

[0060] Referriﬁg to FIG. 1, the tissue closure device 50 inciudes a removable

electronic module 60 including a battery pack 62, an electric motor 61, and a gear box 59, as

well as electromc cxrcults The gear box 59 further includes a shaft that runs through astop -
plate 66 a bearing surface 68, and a drive wheel 67. A drive pin 63 engages the drive wheel

67 and when in use, mates with a hole in a drive plate 80 that is part of a front end assembly .

70. The bearing surface 68 acts as a lubricating surface between the stop plate 66 and the

drivé wheel 67. The bearing surface 68 may be any lubricious material having a low

coefficient of friction, for example fluoropolymer compounds such as those including
polytetraﬂuoroethylene (PTFE). . - '

' [0061} The electric motor 61 preferably is compact yet powerful. In-one
embodiment, a DC motor can be selected from the Maxon RE-max 29 series, for examp}e
commercially ava.llab}c from Maxon Precns:on Motors Inc. of Fall River, MA. Model no.
226784 can be used, which weighs 159 grams, is 29 mm in size, operates on 9 volts, can
ge'neraté 22 watts, and has a no-load speed rating of 7630 RPM. The gear box 59 can be
selected from, for example, the Maxon Gearhead GP32C seﬁes, which is 32 mm is size.
Model no. 166943 can be used, which has 3 stages, weighs 194 grams, and has a'103:1 gear
reduction ratio. . ' _ | .

[0062} As depicted, the front end assembly 70 includes a pusher assémbly (not
visible) and a cartridge holder assembly 72. The pusher assembly has a drive arm that houses
~adrive mechanisr_ﬁ (“pan”) and a:drive shaft that runs throughout the length of the front cnd'
assemnbly 70 and enters the drive plate 80. A needle cartridge 90 carrying a tissue closure
needle 110 may be removably atfached 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
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sternotony site such that the device is between a
first side and a second side of a split sternum
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way of representation and not |imtation. Numerous
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those skilled in the art which fall wthin the scope
and spirit of the principles of the presently "
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of ﬁ'g'.gan to reduce %e pdwe?:]eequ&reg i:So mov%ltt?esrlfl ] giesl\:)/os(e:g WSme 1@ Ibn%esuch
material, for example, is Lubricomp DFPZZH produced by GE Plastics, a polycarbonate
. containing 10% glass fill, 8% PTFE (Teflon), and 2% silicone. Constructing the cartridge”

from this material can provide for up to 20% fnore driving power at the point of the needle.
.The housing may be releasably retained by the distal end 81 of the cartridge holdgr assembly
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correspondingly located in the distal end 81 of the cartridge holder assembly 72. The grooves
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to produce a continuous, or nore comonly, an
interrupted suture so as to enable closure of the
sternal halves after a stenotony procedure,
wexzenTpswst3 As depicted, device 50 is a nDtorlfga“Emmwmn”“
battery-powered apparatus designed to prevent needle
punctures during stenmotony closure or other simlar
“procedures. Device 50 delivers reliable closure using
standard needl es and wires and replicates standard
tissue (e.g., sternotony) closure techniques. Device
50 easily drives needl es through-bone as well as
other tissue, thus elimnating the need to manually
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cartridge 90 which houses the tissue closure needle
110. The pusher assenbly 71 includes a drive shaft 73
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in the drive wheel 67. The cartridge hol der assenbly
72 (shown in FIG 2E) includes a shaft barrel 74 and
a support arm assenbly 76 that is conprised of a pair
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return spring 77 engages t hé&*shaft barrel 74 and the
drive plate 80 and is responsible for returning the
drive shaft 73 back to a "start" position such that
when the el ectronic nmodule 60 is attached to the
front end assenbly 70 the drive pin 63 wi.ll properly
engage the drive plate 80 of the front end assenbly
70. [00651As best shown in-FIG 31A and FIG 31B
O-rings 57 between the pusher assenbly 71 and the

segment. The



P30661FI G 318 and FI G . 3C show expanded vi ews of the
pusher assenbly including a paml 95 (as shown |n FIG
3A) located at the tip, which resides in a slo
WDheo7dsIo0E arm 75 of the pusher assenbly, andP(F]gUSZOWOOZEM
connected to the drive arm75 by a pivot pin 99. The
needl-e (not shown) is driven in a circular path by
the pawl 95. [0067]FIG 4 shows an enbodi nent of the
curved tissue closure needle 110 of the presently
di scl osed enbodinents, which is particularly suitable
for penetration through bony material. The needle 110
is formed as a circular split ring defining an

dev% %f) ttHér@fo(eo fnal P @Q)JSC]EIJE(;‘ ms@l’c &t}@f @sm@@ MBI Gr ﬁi’&ﬁise]:t]a'zsu@ﬂd

posi t & unt. end . lndrlcal g di g
conmrqsgaé@ha%ﬁapf §PIRQYs ﬁfgg‘b%e%af WE%ESHP de“"f*"§° tous and -
tlml:—@&@ﬁﬁglgaﬁanhﬂ%uﬂhﬁgbroeébd 113. The leading end of the

suturin

[00’{0,1.| e bor %I(flé.g gﬁ)a’lqﬁé gle %Svgeevbg S B %er a%s n}r{a f’ﬂ &rgh lfeli]e}t'%n to
the Abtirédgatdlv 41§, Thdyevd pleﬂw tig of tbqa drawm?édaﬁpﬁ@e pﬁ@wrﬁtﬁng with

we%ﬁé sfi%)%d H?t%ﬁé's I@Jazfﬁ @Lﬂm Cf'ﬁdx&lmnﬁé?reﬁé@éf iAdneclM Qlﬂ The drive arm

tthe suturin
75 beagehisd avespinghgrk R fogt LRI hEpa g gb pa, g’?ﬂn The ‘é“"ff%“
rotaté 1512 Bk 180PCaBRs bRerdrh@ ab@upe istah @ designOirie hdaritieg tid ®©lirances

* on Bxenhe HIGRER Tubatt P26% ShEAbalRe s B Ba g e

needizadiob 114.0 further includes tmo symmetric notches
[009’[3 Sa anqyl Jaléflm@%ngt vediEnt of‘ﬂll'e ﬂlzédfe f%urlﬁg G&ration%aushbﬁangular

ge proxina e cartri sse
slotyatonh thershalhsinprssigs ?ﬁﬁ%ﬂqeékﬁgi“a“t *Wé“éi‘ﬁ legﬁtsl%‘ﬁ’eg FRy in

the ilide &in 13) Gentd9 @h@inklfe pa@o ghgdthd o8 dus tcpioﬁdsttlve prEdsure
tomardthe bl u

cxsion o e s i o v 0l e s Byemont o e
.'neaalwltlh &4 therefoedicdnarellertro acpe spmEatiabiy Itlaou@aibelattwgmyh tlme the

7 t:ssu o:@ur%%%ﬂ:% 501s Qzﬁvgéﬂécﬁrf'o? QR el s'a@i] H@h&%xﬁia@&%@m&fugh an L

per pendi cul ar segnent
secpf 5@%@“4@55 the &rivargRgedoniys bivé 2ad far fﬁ%fti?éfﬁ P’gfi(iﬂ"“fh7668
éﬁg aﬂﬁm;the cartridge hol der assenbly 72 and enabl e

t he need| 0 O arqtatio |
[00Zdt uat | J‘ﬂ%o%% é%&i f %g %éﬁﬁlgﬂ?q SH ot Oﬁg]reet ?/ueccg% e "lé&ﬁ and the
pudher Jsemeily.adeshama ia@VenTR® atfha suigh 6 h@sesmefeorscpraﬁhh pzﬁ@ 95 t0
pus&xgg Hga\nﬁ 34 %IS%.%g %0 Ehe régt@lg lﬁf’arf'a im ltﬂetno%,thelrlgy MyHen ﬂﬁtpﬁ@l 951s

[ocate he ra |aI%¥qouter egg Hé)outer
rotyted. e Dpwh PS pigks wze*éa!l noteh 13 Sh prsldrivgs iy neetie K not ch
003-5} 5b 't hatyd, $CEhesShelpawl $Ends bﬁg'aﬁed iR Qhemcﬂd) V58 aild éhgaging the

ter h 116 en es W
subggaf Boredi - 4arbs s Roraroudbe i 8 AR Bhe 1o,
thefpatvh93 @romftert e moehdlleh.1 T pawt dp dnmga nhe mnapfpoﬁuem@tc &15b

oo BE (RPARESERILT B %@?ﬁ%‘gé““&i@%‘? O ot o

100341t er nJEIEh SCIBoWaR PAY! 3t pARdbervd “Pﬁ‘é"'h‘éé’o‘??éﬂa
ceéalfpa$£&mn$6 1hd Ykl Dieito @bt IHRTIHE ReledLIniang chuie B ubeild 1Y to

cess 00691The, need| 10,1 s._en a
stof b Fesgn eRgea s ol feish R B R ey 50b 9. when the
pa'&quﬁﬁfbs chhk\sts@eR&‘kbzavl @6 sart dranfurmunti! tedwdled swface pentgcethe
| T wl sto
s L b T L S TR T
hou5|ng to eI|n1nate needl e- pri cks during handling of
the cartridge or the |oaded geV|ce The width of the
aperture in the needle cartrldge i's conparable to and
corresponds with the width of the gap in the needle
110 so that when the needle 110 is.in the hone
posi tion the needl e 110 does not project materially
into the aperture 111. Such an alignnment causes the
needl e 110 to reside entirely within the needle
cartridge, thereby preventing inadvertent contact of
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device 50, therefore, may be used to insert either a
single stitch, or to insert a suture conprising a
plurality of continuous stitches as a repl acenent
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mechamsm that engages the needie. Stop pins 106 located on the carinidge holder assembiy

cause the gate assembly 105 to stop and reverse direction, like a “see-saw,” “up-down™
- motion. The gate assembly 105 precludes the lateral movement and dislocation of the ncedle
" . ‘within the cartndge holder assembly 72. The gate assembly 105 is able to pivot on the pivot

| pin 107 so that the drive arm 75 which engages with the needle via the pawl can pass by the
gate assembly 105. An anti-rotate bar 100 is capable of engaging with the needle cartridge
" 90 to lock it in place on the cartridge holder assembly 72 as well as to engage the needle,
' Whéreby rotation of the needie in a directioh opposite to the advancing dirgét_ion or "needle
bacidng~ﬁp is prevented.
[ﬂb7ﬁl FIG. 7 shows a close-up view of a dlSposable needle cariridge 90 of the
- presently disclosed embodiments, which is preferably offered in a sterilized sealed package.
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10074] FIG 5C shows a pawl stop 98 that permts the
pawl tip to only extend a certain anmount into the
needl e 110 to not bind the needle 110 and cause the
WRSEHEIPI0 to stop. The paw 95 has an angl et YHyPLLaz2o4

“that angles away fromthe pawl stop 98. Wen the paw
95 rotates clockw se, the pawl 95 can only turn until
the angl ed surface contacts the paw. stop 98. The
pawl 95 contacting the pawl stop 98 is shown in FIG
5B. The paw stop 98 prevents further rotation of
the pawl 95 and prevents the paw 95 from bi nding the
needl e 110 in the cartridge 90. 100751FI G 6 shows a
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as-to engage the needle, whereby rotation of the
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100761Fl a 7 shows a cl ose-up view of a di sposable
needl e ‘cartridge 90 of the presently disclosed
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 fornmed of a suitable rigid nedica
rade sterilizable netal -or plastic nmaterial_.
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shown in FIG 19. Positioning a needle brace 500
agai nst the cartridge 90 can prevent inadvertent
novenent of the needle 110 within the cartridge 90
WO ENANd| i ng of the cartridge 90 and sut uFEl/US2007/002204
material 138 prior to:loading the cartridge 90 onto
the cartridge hol der assenbly 72. This keeps the
- needle 110 fromstraying 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 needle brace 500 has a
flange 501 that contacts the outside (distal).surface

neefile bERE sﬂ@ﬁ‘éila%iaﬁgé gl tﬂﬁ%o&g:tm& disBide [digal g@ﬁ‘a@e bfihe needle

- position, as shown in n brace 5
_cafﬁﬁ'age%ﬂ%@yg %i’%a&@%ﬁwa O‘Y”a’BI}EF A earesile brads 500 has
. body@0E Who®e dudsidelr@dibintii eeionadnbimdionleriasidnradfal dilvension of the

cartﬁ'gged#d d E(?vggg h g%&ll«?eg feka)l%reaS({% Bleegi?e brgc%%ﬁ ég Péﬁ 9 gbaf%ﬁ near the
insidp fresckinmal) purfage bResetridge Wnandrailigernt Bobakid erdilug e ofingedle 110

sealel %mIBHIbthQEaerEQ bo,e8chdfn in€E! A. ]Illg nSQR b b bRvée! from
cartrid as shown in FLG The, needl e 11951iom

rotal g gvﬁﬁrr@véwféw % FeUT HEeEEIT gslw'%fh‘ fhejppigtgdend of
pren@avefarﬁc@n gioh g Foroard @htmﬂmrﬂyymc pxhen@mmnﬁecbrem se@fnent 504 of
vent.e
ol 80 ot PR AT O B B RLERA) B i o
carmdgw/%@@i bltq:ﬂcs Hedoivardmnarmesef nepdle EH wcm@g«@ply With thsregdle
ef)sdoh{? pbﬁﬁa dgn fnamcﬁjm Sh AL AR & ca‘;@agé/h&q}%/sa&r@memmy

ocks forward novenent of needle 110
withqus &er of fpadyererily feeyinedhphesdls vt thy %Cdfs?ftcﬁfs’ﬁdgea"ﬂ Such
‘ mobéiﬁkln\lb(ﬁﬂkﬁbot&ﬁﬁll%ﬁ&tﬁdﬂtﬁé &ellB@uCaprdpetigalaire dirabsuation after it

t. fear ert ng | Vi t
s RRRETE h A2 B LAl TR e s o
smmmwe@@htah@mgdd@dtBRMﬂQMEvl@u@mncmm&wmh needl e out of
oof] OPCT S UERECOLAY 500Chi M@geh,ged %ﬁtﬁﬁrmé .hnérscuemﬁ%qc@&r the

e cartridge hol der assenb g he needl e g
cartsifge Mhyithis trapstetiTiGtion! eimt § Péthfq"gb EFbﬁElTF?fjaF}‘O'tﬁ‘ geriphery
of lﬁb ﬁ&ﬂﬁaﬂ:@i{ﬁ so®tvalliciDgan Rb@stdtEw it @fespdndinfz @RBEsIdne (not shown)
[ & dlLe br.ace SQOGC Q%ﬂs egﬁep
alogs {he PRY BREETSIooCh e g
500, sheokitionisegthent 684 banf hetconmucﬁt%h ﬁcnlhght foabsa b HOey aaﬁlwﬁ@ in
¢ 8. RSE kRNREX iflonsh e dlatral @ﬁ?s@@ent%%r@ﬁé?ﬁes to be

cooperate w th correspondj ng dg$r ssi ons shomn
somgaRdiAgbap Al nHherLubriF i PlaTHe AT i3 TefgRncRd; par ?fd%éewpl
osaesédértmla Ekardcfristie e me&aoﬁl{fw emeﬁ{eedlb nﬂtﬁosﬁ:ﬂﬂed #thBe end of the

Ll 504 ct
e %(grac{gfa @qg%%kn need 0 \Jlr\aﬁe :g(ri]& :':_alu s t tag %.;EQ F)atb %@ 6l2é:tl?’ and
snap Gﬂe pesitidnayenthe Imtﬂ’éthﬁ akedlg 118, sereby @P’élnz the| ngedi¢ brace 500 into
posﬂfogpfsrshbﬁﬁ il I35 ARYNGH &%ﬂ/@éﬁm Redid BRch- 50U bhyCspEing

_ lastic material referenced earlier, for exanple,
suffigiet £ree © qvaceme g ekstie rerisiapee of fecP $448- poi nt ed end
loo®fy need |Hletsm$kﬁlbﬂHMrs{itct‘bh eiceitd tiefredbeabla dalrotit module
60 Yvﬁ%ﬁ ,1\_.’-5 dl%% exl'atgeséltﬁ?ech n%cpam %l assgﬂtﬂf ??Qgec%ti%%odhﬂ%ﬂ

sSna osi 11 on over
inclufies thé patisfy nakke 63 evecbnheelmtﬂc moke 6& wllqho@cmi thetpearhesdp @nd an

outPit 3t SD9s WA s Q%ﬁh!c%ﬂcmﬁs RO 62 & b@ferg@y rdcHaSRhble and
can renove the needl e brace 500 B%1QR¥ %1 @ .
proides the Par TPiiie et Br RN The 4 foplg dpyg pinimum
of the tab 504a. 100871FI G 24 is an expl oded .
perspective view of the rerbvabl e el ectroni ¢ nodul e
60 which is a battery-operated el ectro-nechanica
assenbly. The el ectronic nodule 60 includes the
battery pack 62 and the electric notor 61 which _
i ncl udes the gear box 59 and an output shaft 58, as
well as electronic circuits. The battery 62 is
preferably re-chargeable and provi des the power for
the el ectronic nodul e 60. The battery 62 shoul d have

rtper rﬁginerr{cﬁp &etﬂchn eedle brace



1008911 n order to facilitate the placenent of a
non-sterile electronic tnodule 60 into a sterile
handl e 160, a funnel 600 can be provided, which
WRHPHIREE| y pl aced within the Opening of thePE?’H%O%‘?OHM ,
. end of the handl e 160, as shown in FIGS. 27(A -F).

The funnel 600 operates as a physical barrier between
the person (e.g. circulating nurse) who handles the
non-sterile electronic nodule 60 and the person (e.g.
surgi cal scrub nurse) who handles the sterile
conmponents of the suturing device 50. The sterile
conponents include the handle 160, the door 152, “the -
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Power - on/ Power - of f button 154A is separated fromthe
actuation button 155A by thé LED indicator 156. The
el ectroni ¢ keypad 154A and 155A, and LED i ndicator
156 are integral to the battery/notor/gear box unit,
. and formthe electronic nodule 60, as shown in FIG
- 29. The Power-on /° Power-off button 154 enables the
electronic nodule to €ither be turned on or off. The
actuation button 155 may be depressed which woul d run
t he electronlc nodul e through one cycle One cycl e



(Red) & Low Battery (Yellow). The housing 151 and
keypad provide an exterior surface that is capabl e of
sust ai ni ng hospital w pe-down procedures, but is
W WPTP%bl e in an autocl ave. The el ectronic ﬁi%fﬁ’f“@mmz‘]“
" software and operating features cause the needle
driver armto automatically nove to its. hone positian
(reverse notion limt) when the Power-on Rower - of f ,
button 154 is initially activated (depréssed). The
uhit will turn itself off after 10 m nutes of '
inactivity in the event it is stored with the power
on. Depressing the Power-on /Power-off button 154
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Yell ow REM Status: Of Mdde OFF OFF OFF Unit is off
and will not actuate On Mbde ON OFF OFF

- WO 2007/089603 PCT/US2007/002204

drive wheel contains a drive pin which engages with the drive plate of the front end assembly
76. The drive pin supplies the torque to the front end assembly 70 to drive tﬁe needle 110
through the tissue. The drive wheel also contains two pei‘ménent magnets. These magnets
are preferably used in conjunction with a Hail effect sensor 162 to detect the rotational
extents of travel. A nose collar 157 attaches the front end assembly 70 to the housing 151 via
screws 158 or some othér means for mechanical engagement.
[0051] Three indicators (LEDs) 156 éhow the status of the unit: Power (Green}, Error
(Red) & Low Battery (Yellow). The housing 151 and keypad provide an exterior surface that
is capable of sustaining hospital wipe-down procedures, but is not sterilizable in an autoclave.
The electronic module software and operating features cause the needle driver arm to -
automatically move to its home positibn (reverse motion limit) when the Power-on /Power-
off button: 154 is initially activated (depressed} The umt will turn itself off after 10 mmutes '
of i inactivity in the event it is stored with the power on. Depressmg the Power-on fPower-off
button 154 during an actuation cycle will be ignored by the software. When the electronic
module is switched On, tﬁe On LED indicator will illuminate aﬁd remain-iliuminated until
switched Off. In one 'embodi'xﬁent, triggériﬂg an'actua.’.tion cycle to dﬁve the needle through
tissue by depressing the actuation button 155 will cause the device 50 to automatically power
off at the end of the cycle. Once switched On or Off, the electronic module will stay in that
condition until deliberately switched to the opposite condition, unless there is an error made,
the electronic module times-out from inactivity, or an actuation cycle has occurred, The
_electronic module has an Error LED (color red) to indicate an Error Maode. The electronic
module also has a Low Battery LED (color Yellow) which indicates the internal battery needs
to be charged. The actuation button 155 must be depressed for the device 50 to drive the
tissue closure needle 119. The actuation cycle begins when the actuation button 155 is
depressed: The actuation button 155 does not have to remain depressed (i.e. the actuation
cyole wilt complete if the button is released). The actuation button 155 only requires onc -
depression to rotate the needle 110 360° (the needle driver arm will automatically rotate 190°
twice to accomplish rotatirig 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 scquence. The actuation
button 155 must be released and the Power-on button 154 re-depressed before deliression of
the Actuation button 155 will again begin the next suturing cycle. The electronic Hall effect

‘sensor 162 combined with the firmware sense the €xtent of the about 190 degree rotations
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Unit is ready for use Actuating ON OFF OFF Unit is~
actuating through a cycle. Error Mode ON ON OFF

I ndi cates an error occurred. Mechanismw Il retu
WMET/88@Bt i on and not actuate if actuation bEﬂ’HW"P"é‘mz‘”
depr essed.

- utilizing the perrhanent mégneté in the drive wheel. Once the end of motion is detected the
firmware modifies the torque applied to the motor to create a soft-stop. Some of the Error

Modes that may occur during operation are listed in Table 1.

LED: - Power Error Low Battery REM Status:
Green | Red Yellow ‘ N

OF Mode —GFF | OFF OFF Uit Ts off and will ot actumte

On Mode “ON OFF OFF Unit is ready for use '

Actiatng T ON OFF OFF Unit 13 actuating through a cycle.

. : . Indicates an error ocourred. Mechanism will
Error Mode OonN ON OFF return to lrome position and not actoate if
o actuation button is depressed.

o o : Battery needs to be recharged upon coinpletion
| Recharge Required ON OFF ON of surgery. i.e. unit can do 6 more compleie

sutures.
Battery drained ON ' ON ON Battery is drained. Unit will not actuate,

Needs to be recharged.

Charging cycle. Device will not turn on or

Charging Battery  OFF : OFF _ l_371in1dng actuah? _whi‘le in this mode. Blinking rate TBD.
g:ﬁﬁ;zﬂ?mm QFF OFF ' :ON . Batiery charging cj;::ie is completed
Table }
[0092} FIG.30isa clos'e-up'view of the stop plate 66 and drive wheel 67 (shown as

transparent), permanent magnets 65, the drive'pin 63 and the gear 59 shaft. Atithe center of
the stop plate 66 there is a hole which provides the entry point for the gear 59 shéﬂ;. The stob
plate 66 is attached to the gear box 59 by screws 69. The stop plate 66 comprises a “U-
shaped” track 64 in which the drive pin 63 rides. As the device is actuated, such that the
clectrqnic module 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 mechanical stops that limit the

- rotation of the device 50. The permanent magnets 65 are used in conjunction with the Hall
effect sensor 162 located at a distal end of an electronics board 161 located inside the
removable..el_c,ctronic 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.
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Recharge Required ON OFF ON Battery needs to be

recharged upon conpl etion of surgery. Le. unit can do

6 nore conplete sutures., Battery drained ON ON ON
WEBI0PBPSY603s drained. Unit will not actuate. NEYUSH/002204

be recharged. Charging Battery

[6093} FIG. 26C shows the Hall effect sensor 162 located on the elecironics board
161 that is used to detect the rotational position of the drive wheel 67. When the rotation is
nearing the 'stdpping point, the magnets 65 pass adjacent to the Hall effect sensor 162,
sending a signal to the control electronics that the needle 110 will soon be stopping. At that "
point the motor torque is reduced. The motor continues to drive to the mechanical stopping
point at the reduced torque level. When the drive pin 63 hits the mechanical stopping point,
the control electronics sense the current spike that is caused by the motor not turning any
more and shut off thé power to the motor. At least two magnets 65 are positioned in the drive
wheel 67 to sense the approach to stopping points at both ends of the arc fraveled by the drive
wheel 67. | . '
100594) FIGS. 31A and 31B show the main components of the suturiﬁg device 50. In
" FIG. 31A the clectronic module 60 has been drawn disengaged from the front end assembly
70. During the disengaged stage, the torsion return spring 77 is extended to allow the pusher
assembly 71 to return to a “home” position. In the home position, the drive plate 80 returns
to a start position, such that a hole 84 in the drive -plate 80 is ready to accept the drive pin 63.
As shown in FIG. 31B the electronic module 60 has been attached to the front end assembly
70. When the electronic module 60 is connected, the drive shaft 73 engages a bushing 67a
located in the drive wheel 67; the drive pin 63 engages the hole 84 in the drive plate 80 and

- the device 50 is ready. , | .

[0095] FIG. 32A shows the curved suturing needle 110 having a tissue closing
material attached. The needle 110 is formed as a circular split ring with the aperture (or gap)
111, the Sharp, pointed end 112 and the opposite blunt end 113. The cylindrical bore 114

ali gnéd axially with respect to the needle 119, is located at the blunt end 113. A flexible
leader 136 of the tissue closing suture material is inserted into the blunt end 113 and can be
restrained by mechanical engagement, for example mechanical crimping.  Those skilled in
the ari will recogni'zé that the flexible leader 136 may engage the needie 110 by any type of
mechanical engagement including, but not limited to, ﬁvelding, soldering, or laser welding.

. For example, the assembly comﬁrising the flexible leader 136 inserted iriio the bore 114 of
the needle can be immobilized in a clamp, and the jundtion circumferentially welded with a
YAG laser welder or other suitable laser weldg‘r. The junction'be:tw'een the flexible leader
and wire monofifament suture similarly can be weldéd or laser-welded, A sﬁmre-needle

assembly welded in this manner can provide a smoother transition between the needle and
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OFF OFF Blinking Charging cycle. Device will not turn
'(I)'EBOr actuate while in this node. Blinking rate

13. Battery Fully Charged OFF OFF ON Batter
WhaPgrseef3cycle is conpleted Table 1 C¥m82007/002204

flexible leader, and between the flexible leader and the monofilament suture than mechanical
cfimping, which facilitates drawing the suture material through the tissue. Thus if is easier to
pass the sufure through the first side of the divided sternum, for e:xarhple, while maneuvering
the device 50 in preparation for placing a suture in the second side of the divided sternum. To
enable the need-[c 110 to penetrate to the required depth, the needle 110 preferably has an
arcuate extent between about 250° and about 330°. '
[0086] For suturing through bone, it may be preferable to have a tr1p]e-faceted {or
"cutting-edge") needle point as shown in ¥¥G. 33A, each facet occupying approximately 120° -
“of the circumference of the needle shaft. As shown in FIG. 33B, One of the facets-can be
oriented to face ‘the outside curvature of the needle, in'which case the outside- facing facet
¢an be cutata shailower angle than the other two facets, preferably at an angle of
approximately 21° wnth respect to the long axis of the needle shaft. The resulting cutting
surface of the needle point as shown in FIG. 33C will have a shorter cuiting height, leading
to more efficient penetrafion of bony or other dense tissue. Alternatively, when placing the
sutures around the outer ot lateral edge of the sternum, the needle tip can be cénﬁgured with
a 'blunt taper-point’ or 'bail-pomt‘ The rounded tlp and conical shape of the leading
component of the needle shaft permits less traumatic penetratlon through softer tissues.
Other applications may requirg sharper tipped 'taper-point’ needles, or even 'reverse-cutting -
edge’ needles. ' ) :
[0097] " The needle 110 has two symmetric notches 115a éncl 113b along the radially
rear edge ie. the'edge proximal to the cartndge holder assembly The notch 115b is
positioned toward the sharp pointed end 112 of the needle 110. The notch 115a is posﬂ:loned
toward the blunt end 113 of the needle 110. The notches 115a and 115b are located opposite-
" to one anocther, sach having a perpendicular (abdut 90°) segment and an angﬁlar segment that
makes an angle of about 60° with the perpendicular segment. The notches 115a and 115b are
engaged by the drive mechanism (pawl) in the cartridge holder assembly 72 and enable the
needle 110 to undergo a rotational movement upon actuation of the drive mechanism, causing
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
neédle 110 proxim;ﬂly 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
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100921FIG 30 is a close-up view of the stop plate 66
and drive mheel 67 (shown as transparent), pernanent
magnets 65, the drive pin 63 and the gear 59 sh

WO 200788%®nt er of the stop plate 66 there is ch6$gmwmumm
whi ch provides the entry point for the gear 59 shaft.
The stop plate 66 is attached to the gear box 59 by
screws 69. The stop plate 66 conprises a "U shaped”
track 64 in which the drive pin 63 rides. ‘As the
device is actuated, such that the electronic nodul e
causes rotation, the drive pin 63 wll ride along the
track 64 until the drive pin 63 reaches a stopping
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direction or "needl e backing-up" is prevented. The
positive engagenent of the needle outer notch 116
during operation prevents the needle 110 from
webteapsaes out of sequence during the suturi ndCH5eWE802204
In addition, the blunt end or hub 113 of the needle
110 can also engage the anti-rotate bar 100 (or 300,
if the device has a separate |ocking pin), as seen in
- FIG 39C, to prevent the needle 110 fromreversing
direction after it has traversed the aperture in the
needl e cartridge 90. [00981The needle 110 is encl osed
within a cartridge, so the sharp pointed end 112 is
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[00100] The flexible | eader 136 has a di aneter (gauge)
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medi cal professional. FIG 35 shows an enbodi nent of
a suturing device having a ergonom ¢ handl e 160.
FI GS. 36A-C show aspects of the front side of th
wdesizomeB0 with cartridge 90 attached. FIGS. pgfgsgmwmnﬂu
show aspects of the rear sides (FIG 37A and 37B),
the bottomside (FIG 37C) and the top side (FIG
371)) of suturing device 50 without the cartridge 90.
FIG 38 shows an enbodi nent of a suturing device
having a pistol-like handl e 160. The handle 160 is
supplied non-sterile to the nedical professional. The
hospital or office is responsible for sterilizing the
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This change in configurati on would reduce the size of
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tendon, patellar tendon or Achilles tendon, and rib
reapproxi mation after |latera
oSBT 2 AL 1 Bl N CRBARTY s AL who
18 15&{&drasa£sﬁieloma sutilsroperdiefisldl Anthisainivethe serub niseenerasp a

steWB %H@PIS ('g@gynﬁ;b a%gedﬁ J.r@ nrlslgﬁ GG 1e8: 260 oﬁﬂ{: Hé\hém The

pusher asseg&té % g dule 60
cirghdating euiS@wiliTialee tIh@ ﬁ—ﬂb@ﬁ‘éﬂqu leagrgpigrerd Ad fusal] e module
intd BGo g&erear al@f’maﬁﬁlie tiﬁ(ﬁbé#ﬁg%t;ﬁfdarﬂﬁﬁﬁpﬁb keahﬁqme ritle@irgulating

t h k
ML R T e
beiR® LaehuyV &R kd Balatdothactpaitlyglyatter comppobyt gl W@lﬂ‘gp@ﬂb rTo assistin =
A I eps or
ﬂ‘ll%Rrgﬁ%Pléﬁ %Bﬂr% 39'{]18 n{lF]]sU%M]\g:tl?drg& m Wﬁd@r@%ﬁg A181cdife iﬁ{é ps |

F ocedur e, e handl e of X "
* clabi th grasg e iligea®3] Wh%lsqnléstplf%ea’lﬂ“&@%@P Ao@gepming and bfing the

lcg%l)r{xc\:/ ?%&ﬂe kPintd\Ge RRREATHR edsfetdvitetsh 6s icAVRadkafn ek larding of
er plece of ~sterile surgical eqU|pnent The

th%mow 5;5‘8’6%(“36‘2’ 8%?% he el ectronic nodul e 60 has been

[o0ibér ged Wiﬁbrnﬁ lsa:lrﬁ)é'lt];al‘cgﬁé thengrius, ifreoogh buisa will epes thc} sterile
non-steril e area fibeab-

disppseb ‘%éﬂtﬁlrehcgrtggg €5 9% ﬂ-g% wﬁhﬁ@%&@h tﬂQTars?@'T}'pl@ﬁ pQ@cEaEe ea

e surgica
pacif)e Oat sutgre catnidge 40 sulogded ahtodhs Wﬂﬁgﬁlg@dwspmglggﬁ of thg device
505 trﬁé déﬁ%e%%ﬁ%kéa% ks éd?gthhhﬁe §&veer: hibhizisd uhaﬁﬂl ren©bf the LED

e scrub_nurse w|l

ARk el o THRED PP 167 S RS0 B e garidse

9035ERN gh6d WK hxﬁllq 'é&:ldidll apd @ s&idckidts oo pi‘@ﬂ:ap‘oﬁﬂgediolctgf ags¢ably 72.
handl e to .a

Tf@pefqﬂfécaé'linggtf !?: isg [5%1}35 t“l“% tﬂ% &%ﬁ%&ﬁ@&l&é ﬁés%@ﬁ/eig. QJ&B&I o the
caBBdgeholrler swerntiy 74rad then rst@@ﬁ Poutrlprayisedp eycbﬁhet '}?8‘“3 cariridge
90 ddl @&gg ’ﬁ%%oéﬁ‘r% }ilﬁ‘ 860 donhes it hfurldeat \hi’ﬂ’ﬂﬁue @ockdig pirf retdse202 of the

rse wll

I .
cagnggeé@d arézyl-é@t H%q%:ﬂ(rx‘ec Hﬂ%{tﬁ glg éB&l anz}%tﬂgﬁ lr)ci:ﬁ?%pm r%:%?s 202. The B

neb@le bikOs40) & Fﬁe{%&ﬁt ¢=Ade r@osvied froofthe tretridan® after @(hag bich gecurcd to -’

thg It;'\%ﬂ' g7 g%lg sgm?;fyt 'EClHl] O r [}ﬁxttg § 54 el ng‘néﬁ'%ns €riedteen

ange unnel
LR thildi e ort, lrfdm@mlg the deiertFteis sady- B asation itien 131 &g

prn%lésf GO0k ﬁfét %lé Bl@&ﬁée Qireto &ﬁ{g}ﬂ@ﬂﬁw&fsmlh thedaige@es hand.
G- Fo assi st pr.oc e circul atj &m

ur e
Thydegise §6 phopid qa\’ﬂ'reéwCF% Homihe I“e“éi?oug§° PR G E f*‘“’ 2o o
ddvk G0 @sSndw reﬁdy&mbe ha:dgé alpe thh éirs bamge TB@@:rubTmseswllmﬂd the

Geciowh | ufGestplaced
LS oLy 0 R S QTS Sl s
awdimvivegeof® dissretionfion aefytofbotom lebthe sy Typicaligabout six to cight
s:gl!lr§§):8'§ Q&:ld ec‘o &ng%cest&ﬂﬁﬁlr iAdag a@(@ttoda@@l&&ﬁﬂe\m Eﬁhalnt:e ftsSoperational

cl ose e sternu nur s
ottt oo 80 G R BBRR T e AP PAGELYat vt M praor o
plR€s tHS Bévdrion bl Bort BBithef@e piepiingtihe pawdting utiin 155be a - 6-
pack). One suture cartridge 90 is | oaded onto the
cartridge hol der assenbly 723®f the device 50. The
device 50 is checked to make sure that the power

light 154 is OFF, none of the LED lights 156 shoul d
be illum nated. The 10 o'clock and 2 o' clock slots on
the needle cartridge 90 are aligned with the 10
o'clock and 2 o' clock tabs on the cartridge hol der
assenbly 72. The needle cartridge 90 is alighed with
the cartridge hol der assenbly 72, pushed onto the



WO 2007/ 089603PCT/ US2007/ 002204 001071To conmence the
sternotony closure, any enbodi nent of the stetnotony
cl osure device 50 is placed at the site of the

~ webermetosry such that the device 50 is bet weditTASEP2204
side and a second side of a split sternum the
typical starting point is around the manubrium 170
(or head) of the sternumas shown in FIG . 40. The

- surgeon will elevate one side of -the divided sternum
with his or her left hand. The surgeon places and
al igns the opening (aperture) of the needle cartridge
90. over the cut edge of the sternum | ocating the
enetration oin Sir sfor
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~locating the penetration point he desires for the
suture under the bottom of fhe needle cartridge
openi ng. After the surgeon presses the Power-on
button 154, followed by the actuation button 155, the
needle will enter the sternumfromthe interior
(inside) of the patient. The steps are repeated. At
this point, the flexible | eader has passed through
this side of the sternum The surgeon may press the
cartridge | ocking surface 101 | ocated on the



to a validated sterilization protocol. [001091A
Tefl on seal 57A or an O-ring seal 57 between the

pusher assenbly and the cartridge hol der assenbl

wproviodeoa sterility bather so that when the WP%’P“'”"“ZZ“*
assenbly is driving the needle, the drive shaft wll
rotate within the Teflon seal 57A or O-ring 57 which
W1l prevent anything frommgrating down the drive
shaft and finding its way inside the handle of the
tissue closure device 50. [00110] A net hod for sternum
re-approximation is provided herein. The nethod
i ncl udes (a) releasably engagi ng a cartridge having a

protectjve hou and a o o
B e
actxﬁﬁhﬂl betton(15%, thé asidregyitl hmesﬂle stombwm/fran ﬁlgamgnqjé\ylplg@ of the

‘pati atv Trlllg st f earg 2! Lét 95 &0 ?o&h ﬁ‘tesﬂégd-ﬂé l@egiﬁ:ﬂﬁﬁsq:laﬁ;eﬁ er(ﬁ@ﬁﬂiiﬁs side
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|d e to bet
of B¢ stemamd Tge g@gmdmy s ge cartrécfﬂe lgc ?%rt \#e ll)%%cfnteg gy the anti-

rote{%é’ér[atle&u?g% efd fohge SEhétdicngringediteldcgwize 3o teinonethe needle

thin the of e Blve housi ng before and after a
CMEGH%?%?@mFHT ¥1%6n’of the suturing needl e about a

[00Lg3t at | oM@k daxibs50 hey babiedas hngerah nwise for lasding of ygcond needle
caré‘gig% é@ 8?1‘16605%5 %EA %ﬁﬁ)&? 65@%&%‘511@ l;ﬁ'uﬁ e QtRIvR i cdder &hd suture

er asse rel easab a g s the sut UIi ux%suture
throwgh ot sidss eEihs éterrwrrafplhaﬁag Stﬁeﬂ?%ﬁ OT A SETETYT Y ,

Thé g&@leeﬂé&tﬁg faddrhRd apep fdﬂﬂglﬁ almﬁmeeccabm thechgencditrahent Suture
advance t he sut | nee e thro ]
usng]gaxgdﬁfq practicgs- ﬁﬂ\‘ﬁ %83 rﬁm IPPY]e on {,}P ca set:&rfdss.ltéi?% g‘F ﬁ‘focess
cmﬁinh&fbﬁﬂl fefhatniigy sititresrthan glemgm‘brecltolqm @ghla@qq typicefigto an area near
e12P! BRAkdrAGn &b
the(%g 5 cg%'o?eai 1‘?0 Aft&i'] Sk ﬁés%gtﬂutﬁrggaré %)aoéc@ I ﬁlﬁ@!s

e second side of the split st p1
complerediusige stasterd Bigiedd feshirjancehEhe device SOimay ReRer for clcaning,

ste: @A amd Qﬁrg@{.g th eypt&rail ;br&ceatna Iy oSl [The Cl2pn tfposghel will
are repea ntgl en
wnwiv@et&%ﬁﬁs‘g? B e Sy et s Bl 1P nea

and ﬂxe&lblaﬁ'@ﬁd: notwd will be temoved. The electromc module goes to non-sterile

equipment storage for charging on the dedicated charger. The device handle will be cleaned
to acoofding to a validated cleaning protocol. The device handie will be sterilized according
toa vahdated sterilization protocol. '
[00109} A Teflon seal 57A or an O-ring seal 57 between the pusher assembly and the
cartridge holder assembly 72 provide a sterility barrier so that when the pusher assembly is
driving the needle, the drive shaft will rotate within the Teflon seal 57A or O-ring 57 which
will preverit a-nything from migrating down the drive shaft and finding its way inside the
handle of the tissue closure device 50.
[00110] - A method for sternum re-approximation is provided herein. The method
includes (a) releasably engaging a cartridge having a protective housing and a suturing
- needletoa cartridge holder assembly of a sternotomy closure device; (b) placing the
" sternGtomy 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; (¢) activating an electronic
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[00111]) All patents, patent applications, and

publ i shed references cited herein are hereby

i ncorporated by reference in their entirety.
wbeompperi at ed that various of the above- d|§3ﬂ6§%@”m“““4

and other features and functions, or alternatives

thereof, may be desirably conbined i nto rmany ot her

different systens or applications. Various presently
- unforeseen or unanticipated alternatives,

nmodi fications, variations, or inprovenents therein
may be subsequently nade by those skilled in the art
whi ch are al so i ntended to be enconpassed by the

followi ng clainms. Thus, it _is_jntende
o sameaing i PRIy b=l LERrO A et case
- rotéfﬁﬁél%dv@ﬂ@nttolﬁﬁ‘te s@fuﬁng\m&ehlemciom:hs aepercdh titctvartrdisand adyance
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e curve 0 cover Ja} Hh are
0K 1 1) a0 BHGHY PAEHTPeoy ame Ffpub RS [oRAEA0OKY heshh
hex%Bjﬂmcorporateb)Jy gefaeus ingherentiiyn |I?@ll@eﬁéﬁf6?‘ﬂtf%a‘awq"9%5 of the

RAL | b RhcBEds Y AREinRGH ad&ﬂatoﬁdna@mé desirably
ab%vﬁnc{‘lsc?ss %‘dtoo Eg%%ﬁgiaga?% “about . t he Y

I gn
comkingd intvpansr ot HBRFP § SRS &Plﬂ’ﬁ?"%mg’ ?'9?"8 l’qes"’“%‘é upfpgeseen of
gLtk ild-RiERs, b@d’lﬂﬁ&aﬁ&&yﬁr@ﬁorﬁ, @anpentmerds thiilgia may be
sugq.étg@;ﬁ %ggqsg)% an%ﬂij gfn ﬁ'nﬁ 819 %%1%'91%, intdNR%84 Be Gicompassed by
the following claims. Thus, it is intended that the present invention include modifications

and variations that are within the scope of the appended claims and their equivalents.
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drive is renovable fromthe sternotony closure device
as a nodule to facilitate sterilization of the device
when the nodule is not installed. 3. The notorized
suturing device of any of the preceding daim 2,
wherei n the nodul e conpri ses: a) a power source
for providing power to the suturing device; and
-b) an electric notor adapted and configured to
provide a sufficient force to rotate the needl e about
t he |ongitudinal axis t@Gk80gh bony tissue. 4. The
mot ori zed suturing device of Claim?2, wherein the

.mdul e, is received by a conpartnment within the
“mﬂﬂﬁ%%@ﬁﬁﬁ and wherein the conpartnment is sealed from

t he external environnent. 5. The notorized suturing
i. @ﬂMMﬁﬁmﬁﬁuﬂamgdﬁwmeCWﬁéﬁ%m& t he nodul e may be renoved

fromthe

- 4) a needle disposed in a needle track, the needie track being adapted and configured
d guide the needle along a curved path about an axis of rotation substantialiy parallel to the

- iongnudmal axis of the device, the needle having:

i) a curved body, the curved body covermg an arc less than about 330" and
i) an engagement surface for driving the needle; arid

b) a housing contam inga motorlzed drive, at féast a portion of the drive being
adap‘te& and configured to reciprocate about the longitudinal axis, the drive having sufﬁc;ent

power to drive'the needle throﬁgh bony tissue of a patient.

2 The motorized suturing device of Claim 1,'wherein a substantial portion of the motorized

drive is removable from the sternotony closure device as a module to facilitate sterilization of

the device when the module is not installed.

3. The motorized suﬁ.ﬁing device of any of the preceding Claim 2, wherein the module
comprises:

a) a power source for providing power to the suturing device; and

b) an electric motor adapted and configured to pro%iide a sufﬁcien’t fo-rce to rotate the

‘needle about the Jongitndinal axis through bony tissue.
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conpartnment by opening a door at a proxi mal end of
the housing. 6. The notorized suturing device of.
Claimd4, further conprising a funnel that may be -
renovably di sposed in the conpartnent when the nodul e
IS being installed to maintain sterility. 7. The
notori zed suturing device of Caim2, wherein the
nodul e i ncludes a gear box to provide increased
torque to advance the needl e through b?ny tissgg.aS.
4 THE B0k edngutvics ofCldiend, odersin 3 BPHLY S THEFEPR® t he

gear box provides reduction i .n.0eat iatdFHomdetternal
compafi@@utvithi .e*rqﬁ!émwgﬁ’f’%*&‘%’%?ﬁ?qaﬁé&devi ce of daimi,

m“ﬁﬁﬁgg{ein t he engagenent surface for driving the needle
TS ééfined on a surface displaced froma radially
i nner region of the curved body. 10. The notori zed
suturing device of Claiml, wherein the needle
“includes suturing material disposed at

atrailin
s URRIBRbized Beusistdevicn gl Gained) weraimte RAMG ey PP SR ?rg“_‘ the

'eader engaged to a wre, & housde. The notori zed
compasitent RPOHRE T AWt jﬁ%“rﬁl %&#Ertlﬁgragconpri sing a

cartridge for housing the needle, the cartridge
i ncluding: ‘

6 | The motorized suturing device of Claim 4, further comprising a funnel that may be

remnovably disposed in the compartment when the module is 'beir_;g instatled to maintain sterility.

7 * The motorized suturing dévice of Claim 2, wherein the module includes a gear box to

provide increased torque to advance the needle through_bony tissue.

8 The motorized suturing device of Claim 7 , wherein the gear box pmyidcs a reduction ini

géaring of about 100:1.

9 The miotorized suturing device of Claim 1, wherein the engagement surface for driving

the needle is defined on a surface displaced from 2 radially inner region of the curved body.

10 The motorizéd suturing device of Claim 1, wherein the needle includes suturing materigl
disposed at a trailing end thereof, the suturing material including a flexible leader engaged to a

wire suture.
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a) a housing having a curved shape, an inner wall and
an outer wall; b) a track defined in the inner
wal | of the housing whereby the suturing needle
follows a curved path along the track during a
~revolution of the suturing needle; and ' c) an
aperture in the housing that intercepts the track,
wherei n the housing shields the pointed end of the
suturing needl e during at |east a portion of- tR housing the
11, TRY:QbikibAnuefing bevisudfuflaimgl, bt eomproing acgtigge gy housing
needl e conprj sing: a) a curved generally
needle, thsrogitddge i Sith a first sharp pointed end and a
second 'end, wherein the curved body has an arcuate
ext en:lhdu@i%§ hihada alreed sha@) e nner wall and an outebyva t | east
one substantlally pl anar engagenent surface defi ned

: l l ousi needle
,?ogd,t aqle Fﬁg&%ﬁ a élbe ﬁ:n?érqgil o?&glﬁ Qiisphgas) the amrig need

Ion o

eneral ly toroi éﬁ(fody,
followd J&n%agaﬁam@mﬁwckaemMen@uwaﬁtﬂ@oﬁ DEOGHET
. .to receive a needle rotation drive of a suturing

- nmechanismto.f CI k@@;ﬂ@ﬁﬁﬁhﬁﬁt@ﬂg@s&d%
e u?”a?pe’ﬁ‘érfw % u:ftn?é ﬁatqﬁﬂe;‘ébﬁgtl c% T mat]e

the poihtB& Laddifmg: saking ne@lleddr@gd‘éleafé A @a@@a of e Fe\ipiuHign gﬁ{“‘a pygaring
.~ 7 connected to the second end of the needle. 13.The
needlesyut uri ng needl e of aim 12, wherein the flexible-

| eader has a dianeter .|arger than a dianeter of the

wire suture 14. The suturing needle.of Caim1l2,

Wwherein the flexible |eader is-a wre cable.

12, A suturing needie comprising:
a) a curved generally toroidal body with a first sharp pointed end anda

second end, whcrcm the curved body has an arcuate extent less than about 330%

b)  atleast one substantially planar engagement surface deﬁned on the
genera.lly toroidal body disptaced from a radially inner region of the generally tormda] body, the
engagement surface being adapted and conﬁgureé to receive a needle rotation drive of a suturing
mechanism to facilitate driving the needie through a circular path,; and

©) suturing material mciudmg a flexible leader engaged to 2 wire suture

connected to the second end of the needle.

13 .'-I'he sutu}iﬁ g needle of Claim 12, wherein the flexible leader has 2 diameter larger than a

diameter of the wire suture.

14; The suturing needle of Claim 12, wherein the flexible jeader isa wire cable.
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15. The suturing needle of Caim12, wherein the
engagenent surface is forned at least in part by a
notch fornmed in the generally toroidal body. 16.The
suturing needle of Claim12, further conprising a
cartridge for housing the needle, the cartridge

i ncl udi ng:- a) a housing having a curved shape,
an inner wall and a outer wall; ' b) a track

defined in the inner wall of the hou3|g% mhereb t he
15. Zﬁ\te'ézﬁth g feegsbeciha IZQMmamGhﬁrm@Eepwptﬁu gm@fqrw@ Ftrlg@km

uring a revolut|o of t% turing needle; and
part by nogah ﬂﬂdﬁ%ggﬁﬁ% LrRig ﬁg that intercepts the

track, mhereln the housing shields the pointed end of
t he suturing needl e during at |l east a portion of the
revol ution of the suturing needle. 17.The suturing

needl e .of ﬂ“‘h%rﬂﬁ 38R Sigelieaiasin@id needle,
16. CWPHUH@%“BS?IEO&%I{ ai fied | lrr15bntis,t ePiT T zabl e package
ﬁmcmhﬁgﬁuﬁgﬁﬂ%ts V|emnng of the package contents.

a) a housxng havmg a curved shape, an innet wall and an outer wal!

b) | a track def’ ned in the inner wall of the housing whereby the suturmg needle

foilows a curved path along the trac]\ during a revolution of the sutunng needle; and

¢} m apertute in the housing that intercepts the track wherein the housing shields

the pointed end of the suturing needle during at least a portion of the revolution of the suturing

needle.

17. rThe suturing needle of Claim 16, wheréin the needle, leader and c;é;rtri'dge are cc')nt:ained

in a sterilizable package that permits viewing of the package contents.

18, - A methéd for tissue re-approximation comprising:

(a)  releasably engaging a cartridge having a protective housing and a suturing needle

toa cartndge hoider assembly of a tissue closure devwe,

(b) - placing the tiésué closure device having the cartridge and the suturing need]e to
cause an aperture in the cartridge to be between a first side and a second side of a bony tissue
segment, wherein a pointed end of the suturing needle is positioned w1thm the protectwe housing

before and after a complete rotation of the suturing needle about a rotatxonai axis;

(c)  activating an electronic module coupled to a pusher assembly that releasably

engages the suturing needle to cause matorized rotational movement of the suturing needle
.37



18. A nethod for tissue re-approxi mati on conpri sing:
(a) releasably engaging a cartridge having a
protective housing and a suturing needle to a
- cartridge holder assenbly of a tissue closure 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 side
and a second side of a bony tissue segnent, rein
across PRiapérage BNk afritieandulvarion gaeﬁet@a-nweg%ﬁ'a@?%’% f@?ﬁ*&‘ Sidk of the
.. wthin the protective housing before and after a
split beny 81U S8 at i on of the suturing needl e about a
rotational axis; - (c) activating an_ el ectyoni.c. .
mapul guitieg pkedkitgmatetial sheshed SRR MERGEd's brough ) st side of
. engages the s pu%ing needl e to cause notorized -
the split SPRY F8iRie effént of the suturing needl e -37- '
across the aperture in the cartridge .and.gdvance th
Ut Ur irfgatireestipe () and( ﬁOft%SBPﬁ“}dssi‘ddesq?g@ SB%**%"H%E%SB? fegient
. bony tissue se ; kel POt sk dthénng
forminggs F’"é}l‘mﬁ’ttg%ﬁ%g%%aﬁdr%e Ssea(tn(ﬁ%egﬁnee%l e thr oﬁgh t he
first side of the split bony tissue ségnent; and.
(e) repeating steps (c) and (d) for the second side
- of.the split bony tissue segnent forrning a stitch’
o, QHERed NS wRcieaady] hiougragu rejaled oftilafikagth of the
spfi i ssue segnment. 19. The nethgd %f cl.ai o%ﬁmﬁﬁ
 first sish@rdehasesoripsde(dfther spHbRRI S SSFTRCY APEXEEH CURY T A
: | ength of the first side and the second side of the
split bony tissue segnent have been re-approxi mated.-
20. The nmethod of claim 8 wherein the tissue segnent

is a split sternumrequirjng reapprox] ' I
The.met?lod of claim 18 wi’nareix(i1 er tlssu% segmgn;g is a@pﬂ?ﬁérfmn requiring

20,

reapproximation.
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