1 SURG CAL STAPLE The invention relates to a surgical staple, and nore
icularly to a staple made of round wire having fornmed thereon at |east
o/dj anetrically flats about the wire circum ference to assist i-n the
gdi/ng and formng of the surg| cal staple. 10
BACKGROUND ART I n recent years surgeons have cope nore and nore to the?;ﬂsl
of surgical staples (sonetines referred to as staple sutures), rather than
conventional thread sutures, for, the closing of wounds or incisions in the
skin or 15 fascia of a patient. This is trégﬁﬁﬁgﬁaﬁrﬁbiause the use of
surgical staples-is afar easier procedure. O even greater inportance,
however, is the fact that the use of surgical staples is very nmuch faster.
Thus, the tinme required for suturing can be substantially reduced, thereby
20 reduci ng the length of tine the patient nust be naintai ned under
anesthesia. Prior ar% work&he irventdencteiadesyieia surgipel iapdar gindmore
stapling instrunments. Mce\iai—i”ge&% QUEGHFIA) mallads FGuhaSkize Al sngr formed
provided with staple CaLd M%r&%&%l figdes bt shapiite circum-
formng anvil. In sone & d| ments, the staples are individually |ocated on
a flexible belt. This ferangggke 3RisgxaRpthe ifeeding nﬂé}téﬂ’fm%“gaﬁ%, 588 ana
.S. Patent 3,837,555. &hiyickat endpI®.638, 847 teaches a cartridge wherein the
staples are 30 | oca d i ndi vi duaI |y and onmhhag\ﬁ hgpot her on a sawtooth

stapl e-retaining ne Pat 6T8‘82rzh_rh'_ ed .
one above the ot her and arg adﬁﬁﬁ'&%d’%s é"tfaqefm(?f P §3ﬁ‘5dgs§er 3\%5 %P%%
Pat ent 4, 043, 504 t eachtbe sgapfr sergdcaaysraplkessapretimesdraferred) teragk
wherein the staples argtapraisedupes) alratRet hthaat Bésiventional thread sutures,

for the closing of wounds or incisions in the skin or

15 fascia of a patient.. This is true in part because the
use of surgical staples is a far easier procedure. Of
even greater importance, however, is the fact that the use
of surgical staples is very much faster. Thus, the time
required for suturing can be substantially reduced, thereby
20 reducing the length of time the patient must be maintained
under anesthesia.

Prior art workers have developed various types of
surgical stapling instruments. Many of these surgical
stapling instruments are provided with staple carrying

25 cartridges which include the staple forming anvil. In
some embodiments, the stapies are individually located
on a flexible belt. This is taught for example in U.S.
Patent 3,650,453 and C.S. Patent 3,837,555. U.S. Patent
3,638,847 teaches a cartridge wherein the staples are

30 located individually and one behind the other on a
sawtooth staple-retaining member. In U.S. Patent 3,618, 842
the stapleé are located one above the other and are
advanced by a pair of threaded screws. U.S. Patent
4,043,504 teaches a cartridge having a staple feeding

}8



and are advanced by a-sinuous spring. Prior art workers have al so devel opeg@
surglcaJ stapling 4 nstrunments wher.ei,n the staples are located in 5 a tande

rew i;h a nore conventional staple feed housing. The forwardnost staple of

‘thé housi ng i s caused to be shifted downwardly through a substantially
vertical ~staple guide to an anvil X the staple fornmer. Continued novenent

of \{pe staple forner results in the¢formng of 10 the staple about the

anvil. Such a surgical stapling instrument is taught in U S. Patent

- 3,873,016. More recently, single use, disposable zg %’bﬁ %gx@l ng
i nst r unevack Heber stantheysan ﬁﬁeFEPnlaﬁa&ﬁgl PDFI 3CEVE & having a

cent ral ,5ql sed 8v4hOBAaBPhediAGobe Bprshpaddl ed by a plurality of staples
arrange% a tandemrow. . The downwardly .depen Hg &ﬁ% of, the staples are
confi ned bet%éﬁrtﬂétct‘ﬂﬂ‘%sr Brveqapset AgNe i ate and adj acent

verticake¥pl i sg\WMihsBriR¥neaNwhetketia ehbhema@lp&rhr@fMDMatadnﬂn.plate or a

20 part of the S i cal sta | ing_instrunme I_t If e central raised
portl%naoFaPﬂﬁmaﬁ9gllﬁlatgo gﬁg&l&pa $ ?&bréagﬂd in an anvil having

a Coextneﬁsmganvmhesﬁbi:aaedemh .a&ﬂlpg.la:df mlhmunmtnmmu%echre t aught

U S. P t.4 4 t
'\ ot baosnieted REvnRRTAY, R LN aaRaNg e chli o0
CharlessHaplb gandeemblamedn&hsP@SABmE SMRHR§M5Q¥WQ1Ar«§90&ﬂ¢wWENT. I n
these SHEGERBL S bEPNA0 bl BRtir LRI ggwtfirm% fSaR R £ the row

t her eof | Ioca ed on the an , IS contacte the 30 staple forner and is
S|nulmamésu§WpPﬂ@rﬁ@@uébG@@ @myk%ﬂnISQﬂhjqrﬁﬂﬁﬂﬁQﬁﬁlﬁFﬁ kin or fascia

of the Eﬁ%‘t%hen\éh'ﬂse ey hsurigi qals Stpséﬂéih@h 1473 pyEsent invention is not

so linmted, it will be described in tergf Its use with a%dlsposable
surgical st apiorfy HEeEYk¥entS B9 kh 198 p A PSR i T 9C3hove noted U. S.
Pat ent 4+h99i8¢¢ it duents have been devised wherein an anvil

plate is provided having a central raised portion adapted

15 to be straddled by a plurality of staples arranged in a

~ tandem row. The downwardly depending iegs of the
staples are confined between the central raised portion
of the anvil plate and adjacent vertical walls which
may constitute either a part of Ehe.anvil plate or a
E 20 part of the surgical stapling instrument, itself. The

central raised portion of the anvil plate terminates at
its forward end in an anvil having a coextensive anvil
surface. Such surgical stapling instruments are taught
in U.S. Patent 4,109,844 and in commonly owned copending

25 application S.N. 961,740 filed November 17, 1978 in the
names of Carl T. Becht and J. Charles Hueil, and entitled
DISPOSABLE SURGICAL STAPLING INSTRUMENT. In these surgical
stapling instruments, the forwardmost staple of the row
thereof, located on the anvil, is’ contacted by the

30 staple former and is simultaneously formed about the
anvil and implanted in the skin or fascia of the patient.
While the surgical staple of the present invention is not
so limited, it will be described in terms of its use
with a disposable surgical stapling instrument of the type

35 taught in the above noted U.S. Patent 4,109,244 and the



3 above noted copending application. Surgical staples are.relatively smal
a are normal |y made of netallic wire suitable for use im a surgicals .,
ﬁ"ironnent and of cireular cross section. The 5 wire is thin, generally ,
aving a dianeter in the neighbor- hood of .020 inches. Wre of circular
0ss section is..used to formthe surgical staples for a nunber of reasons.
First of all, such wire is easier to make and is nore readily avail- 10w
able. It i's free of sharp edges, easier to formand is nore easily
renovable fromthe anvil and the fornmer. The use of circular wre, however,
has certain di sadvantages. For exanple,” as the staples are advanced al ong
the surgical stapling instrunent guide.neaps,: the fact that their cross 15
section is circular tends to cause the staBIes to shift laterally with
respect to the guide neans. This tends to result in a jamm ng action

bet ween the guide J rgg@g_sn@gq E&f‘eﬁﬂhé‘c Sf1ivseidLal walls of the surgical
stapling instrunent e Erevent t hy ‘{ng-?fy WP’T Ci ng 't he adj acent
'U’Sfﬁ& RS éﬁ&%t% 8 *% o enabl e the

walls 20 fromthe gwo %%gg#,

stapl es:l egs to passmahly edecef)metablicl wicqusuicabhke fnyi nsaiii mg of
t ol erances which defghaambdrment&eamaﬁt cEdulapaeidsdllsettion.n ghe

di sposabl e surgi C%url nﬁ‘ 1nét§érfer%§%¥ hav:.n?t h&%mgl:éxo l?le%ﬂedx?e %B%Ped t hat

t he manuf acture of surg ca having a Circular °cross
section tends to pPrSfoPE TQ?[%H‘E}PFsof the crown portion of the surgical
staple prior to and duwing dfheifarluirngrasyd seepiamtisngséchanedbrm Anewi | | be

more fully descrihaggigre s 1éfla€ot:e5 niMIER bEIRaBERM O rikst St I

i mproper formng o he, sur, [esent | nveﬁt ion is di rect ed
to the discovery t Pies e Fﬁﬁ’ree’iﬁ' c’é??‘eoé“ﬂvﬁ J8FE FREAL R Aical
stapl es are nmad® ofblgi.r eIhas figee \f shaup sdbes neeksdari tes foxmerndris

more easily removable from the anvil and the former.

The use of circular wire,ihowevgr, has certain disadvantages.
For example, as the staples are advanced along the surgical
stéplihg instrument guide means, the fact that their cross

15 section is circular tends to cause the staples to shift
laterzally with respecﬁ to the guide means. This tends to
result in a jamming action between the guide means and the
adjacent vertical walls of the s@rgical stapling instrument.
To completely prevent this by spacing the adjacent walls

20 from the guide means by a distance just sufficient to
enable the staples legs to pass therethrough, would require
the maintaining of tolerances which simply would not be
practical, particularly in a disposable surgical instru-
ment.

25 It has also been determined that the manufacture of
surgical staples from wire hav1ng a c1rcu1ar cross section
tends to promote rotation of the crown portion of the
surgical staple prior to and during the forminq and
implanting thereof. As will be more fully described here-

30 inafter, when this occurs it results in improper forming
of the surgical staple.

The-present invention is directed to the discovery
that these probiems can be overcome if the surgical staples
are made of wire having two flats formed on its exterior



4 surface at [err] . and [err] about its circunference. The wire rray@
be foned into surgical staples in.sych a.way that each surgical staple also

has a‘fTat éxtendl ng al ong the upper surface-of its crown portion and al ong
the 5 outsides of its’ domnmardly depending | eg portions, and a

di anetrically opposed flat extending g ong the underside of its crown.
por@ on and down along the insides of its leg portions. This dianetrically
oppGsed pair of upper and |ower flats would 10 cooperate with the surgical
stapling instrunswrfassvat &nd stapl e f BR&ESB0 ahomsyvibe cixrumiexsngei.on of
the crown duringrhéerifreridyie fomed Mptcasiryitgl OftdglessSik Guedl aswapl €. The

surgical staple H’l“ feagﬂvgur cal stirdlBido CRhd Va gPQng&eQah{ of flats

ext endi ng al ong rear “15 surfaces ItsS crown ortlon and its
downwar di'y depen®}9R§ ItB§ WRRST SHELacksOf Hits SRAEMPPSHARR 286 817 eaples is
caused to travel oatsidpst o2 igisi dewmeeadly bdependipprlegr patteiopssher el enent,

adj acent surgi cal tapl es vm I act each. ot flat-to-flat; elimnating
ity B! 5

) . d
t hat cammi ng act TECET cross section .which, tends to
S0 Dhe wHisror

result in lateraf £ 4bF SR 2=H3PBs2R the gui de
means. In this wé?_‘,‘nt_aﬁ@ngtdpﬁ dnfides iof frediegypdrhioosed, THig reducing the

f[i cr-i on zzigd tendeﬁmﬁeaiwﬂ@use& ﬂ%}ir' & pr@lerSJde LbRér 01f1a£§1e?ﬁar Igi c?l |
St apl es. n S a es

andthellkevvl pair

The purpose of tﬁég%“fl ‘Ee’f s"-°t Br?Yﬂﬂtoé‘El‘?Jeé&ltﬂb“tﬁ otfhEh%t‘%iBl"Es ‘Uﬂ“ﬁhe arm
of the staple nartéafdmminggamihdhphantdng dfirihegstindcappstadie.on of gl ue 30

to the staples to ”akﬁeuluféfdaﬁssei 1esmfi<sha9£ st apl 8§ameér&cmp be
understood by one skil]ed,i es i s not-

n%%g % gluedig%k of sta )
characteri zed by°PR2S9%:&41H ﬁfile?‘c?‘Ff’ P 2080 the,fpPeteng: 59%s, on the
ot her hand, adé isndfadesuaF, itrotcrben repritdemechd hte downivpsdly depending For use

leg portions. As the tandem row of surgical staples is
caused to travel along the guide means by an appropriate
pusher element, adjacent surgical staples will contact each
other flat-to-flat, eliminating that camming action caused

20 by a circular cross section which tends to result in lateral
shifting of the individual surgical staples on the quide
means. In this way, the staple feed is greatly improved,

_ by reducing the friction and tendency to jam caused by
lateral shifting of the surgical staples. .

25 It is known in the prior art to provide industrial
staples and the like with an upper and lower diametrically
opposed pair of flats. The purpose of these flats is to
improve feeding of the staples on the arm of the staple
manufacturing machine and during the application of glue

30 to the staples to make up strips or "sticks" of staples. It
will be understood by one skilled in the art that a glued
stick of staples is not characterized by the feed problem
_described above. Surgical staples, on the other hand, are
individual, not being formed into strips or sticks. For use



t M\ a surgical environment, each surgical staple nust be sterile and free of
‘qL e or other foreign material. According-to the present fnvention thkere is
pfpovi ded a surgical staple for use with a surgical 5, stapling instrunent
t he type having gui de.neans for carryin$ a plurali-ty of said staples
arranged separately in a tandemrow, an anviT, neans for advancing said ~.
stapl es al ong said guide nmeans towards said anvil and means for form ng/.
said staples about said anvil, said 10 surgical staple conprising a piece

of wire of circul ar dorossurgieedi envireuient aeach surgical [F5#l2omst ber own

portion termn- atinge2ilélsndeRdée 0t RN BbiekiGRRBUNGaltegiPOr tiONS,
each of said leg portlonﬁ?ha\gg‘gg & ReiLNL ormegl!iatn s free ]e_gd, and a pair

t_fort
of .diametrically opposed U n-sai aﬂg’t’-easﬁng’, ti?ﬁethﬁgret ons of said

stapl e between sai d Fao¥ided & srAgieadnstaplefiornese cdtthsarsuzgdgal said flats
of said pair ex-5tendiaplineipstianaity ofil €hyg tipe Havant quidier R@snoffozal d

staple crown portio o t i sai fdqfla I.AJ ed on
Sai d Stapl e that whoiaaras f pifeaRy P iaeatinios %ﬁéﬁiﬁdzﬁ%&% -

en ta

Cdentical staples. <R & SR WPFI AR ARYHLBEERT T ERVAICIRS HF AW ¢ h
simlar flats on adjstepiesorlengosaihigyide apans vowardbysaid apwil tand neans
fﬁr advalnci ngzgai d sicapkesol ToMUSy (daddagvdp1edCisouthE@ignte, said fl ats of
t he stapl es. ref e I 0SS _S: on .o _
second pair of éloarreﬁurriggﬁ iygt%%%%sée%%ft F %?nés asgfc'%&esggo{'l#%%lf\r/\t%{cu? ?gt%oggi ng
oriented at [err] tosediidnfhaving ramelongatefaliqrigentalafEowRarion teymidy;
second pair extendi ngridgoag itlieesdp iaf daaivdrdiyodepeding okegapdrtionsg SGh
the outsides of said,}eg;Roidd 93§tic;nrgeh9£ih@rafgloahtoﬁomaﬁchtse‘ssnﬁtepa?mdv
extending al ong the BorTom of 5ok ooV 19T biieantl stkony salie stapldes of
said le ortions. % f -

g port 15 the portions of said staple between said flats forming

convex cylindrical surfaces, said flats of said pair ex-
tending respectively aﬂong the front and rear of said
staple crown portion and said leg portions, said flats
being so located on said staple that when said staple is

‘20 arranged in a tandem row of identical staples, said flats
will lie in abutting relationship with similar flats on
adjacent ones.of said staples whereby in use, the means
for advancing said staples towards the anvil acts through
the said flats of the staples.

25 Preferably the cross section of the wire has a
second pair of diametrically opposed flats, said second
pair of flats being oriented at 90° to said first
mentioned pair 6f flats, one flat of said second pair
extending along the top of said crown portion and along

30 the outsides of said leg portions, the other flat of
said second pair extending along the bottom of said crown
portion and along the insides of said leg portioms.



6 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a front el evational vi ew-

a surgical 5 staple of the present .invention. Figure 2 is a cross sectiongal
view taken al ong section. line.2-2 of Figure 1. Figure 3 is a fragnentary
side el evational view, partly in cross section, illustrating a plurality of:
surdical staples 10 of the present invention arranged in a tandemrow on
the. anvil and guide neans of a surgical stapling instrunent. Figure 4 is a:
cihoss sectional view taken along sectfon line 4-4 of Figure 3. Figure 5is
a sem -diagrammatic, cross sectional view 15 through one set of legs of a
plurality of prior art surgical staples. Figure 6 is a sem -diagrammtic,

cross sectional view, simlar to Figure 5 and illustrating one set of |egs
of a plurality of surgi CalpraRt&SRIBr1d DEPLRS PiawkRyENt i on. 20
Figure 7 is a fragpentary —@em-ma'r—mv—r%—ustratin-asurgical

stapl e of the preEHHee hvkhd Sronih@lavrtienapl Wey 9fv? ISWRdCAbr mer of a
surgi cal sP®apitapleioksithanprrsenEi taveatBoris a fragnmentary side el evati onal

view of 25 the stpphfedddid he csbigiseaticilalPbitly taRehr ANUHGt s@d¥idn and forner
of Figure 7, and gbgwlfng.the qurgi cal staple with its crown portion rotated
slightly about™Ft & 28% 8% % ro shift the staple leg portions forwardly.
Figure 9 is a frafht#neadyied sragnenrpey, sider elevatiopabotienp Bamtlvon,

il us]'E rati ng imersta[Heetis®VIIR0Etating p}lbﬁamﬁyi bfoiuﬂ?;ii@gnes&;plllébgur e 10
is a fragggnt r cl L Vi | g l.ar _to Eigu i trating
t he. surgi ggl ‘g‘{ﬁ%‘ i%%ieagtiiﬁg’%%o%@%\#%%éﬁn igo?\t%@tdegvi {‘ﬁ't% egéﬁ'ragnlvggl stapl e
35 crown. por t3h IPLdE MerRY 9%, 2 SUERiSAR nEPARIANG HinSSFRBPRE Wi t h r espect
thereto and to t hBigenregidcdé amtcapss mpcithedaluvdey taken along section -

line 4-4 of Figure 3. : -
Figure 5 is a semi-diagrammatic, cross sectional view

through one set of legs of a plurality of prior art surgical
staples. ’

15

Figure 6 is a semi-diagrammatic, cross sectional view,
similar to Figure S5 and illustrating one set of legs of
a plurality of surgical staples pf the present invention.
Figure 7 is a fragmentary front elevational view
illustrating a surgical staple of the present invention ang
an exemplar§ anvil and former of a surgical stapling
instrument.

20

Figure 8 is a fragmentary side elevational view of
the staple and the surgical stapling instrument anvil
and former of Figure 7, and showing the surgical staple
with its crown portion rotated slightly about its axis
g0 as to shift the staple leg portions forwardly.

25

Figure 9 is a fragmentary enlarged yiew, partly in cross
section, illustrating the staple cxown portion and the anvil
of Pigure 8. '

30

Figure 10 is a fragmentary cross sectional view similar
to Figure 9 but illustrating the surgical stapling
instrument former in contact with the surgical staple

35 crown portion resulting in a "squaring” of the staple with
respect thereto and to the surgical stapling instrument



7 apvil. Figure 11 is a fragmentary side elevational viewsimlar to Figure
‘B( dillustrating the "squared" staple of .Figure 10. Figure 12 is a ,

f pédgnent-ary el evational view, partly 5 in cross section, illustrating fthe
initial stage of the formation of the surgi cal staple'mﬁth its points “
entering the skin to either side of an incision to be closed. Figure 13 is
a fragmentary el evational view, partly incross section, simlar to Flgugg
12 and illustratipng 10 the surgical staple at the end of the form ng
operation. Fi gthe*44 is a fragnentary el evational view, partly in cross

secti on, |IlustraI|F¢gﬁh@ iylis soraagmaﬂdarypbaabe@r@vaﬂﬁ%darmvﬂuhtéﬁhllar
I nci sion. Figure 5 1S a cross sectional view taken 15 al ong

section |ine 1% 15 ‘f‘r%%u?‘% ﬁﬁ"ﬁﬁ E?E?anGtﬁﬁd saugredt s sfamdeact digsire 10"5
sect i onal V|em5 si Fiquiré o1 Fi gsr & £5a§ﬁdnthkysb&ébh&§ohbﬁ e CHarst@pl e

wh f d. THE .1 N\VENTI ON 20 Th
su(ragl Lg})r gt apl o‘?r‘%r%% %?EEE%%?' i ﬁggﬁggﬁﬁtf‘ggl gﬁsﬁp&ttééll F Y89 theind (23
The surglcal:ﬁqmm&mlsng@ﬁethélgurgdcahtsdap&elwamﬁ Q&Ep@dﬁﬂtﬁﬂehﬂérlﬂ¢f
t t f f h n nt
 horizontal . el et EENELCROP, ONEHEP AR THCTS1Bn" A KA ihadh |
" downwar dl y dependi nii¢ege pbdtisns Bragmentaryhelkwaalemdi whdw%;gxrﬁlxms_3
and 42T et B Grobeiebason! 21A8fad theBRGRLEYSIYLAD AR NG 1Y ee

ends of the legs To termnate in résp 8t |ve erﬁfng
now to Fi est@Eaﬁ@rqlcalpﬁnaalet?totheheneoéfs&hgléﬂrmmm@pMQBrbzqu

[ lustrated as bel ng; garangeds bnaackagaBREGY 89 odaMlHAol AP Iy

i nstrument gui de means 9. For Eose an”exe own
means 9 is il|tRtFERES %%cbéPﬁg & 15ﬁ§¥ﬁtpnﬁt§h6fﬂﬂk@n;ﬁﬁimﬁﬂuﬁﬂd|kmﬂlﬁnted

above nentlonagtgﬁp@nglaglﬁgpkhgaghe9513§ IS 3 5 nost clearly shown in
Figure 4, the eIonggted anvi |l . plate
lgure 15 is a fragmentary cross sectional view taken

15 along section line 15-15 of Figure 14.

Figures 16 and 17 are fragmentary cross sectional
views similar to Figure 15 and 1llustrat1ng the surgical
staple when improperly formed._

| DETAILED DESCR?IPTION{ OF THE INVENTION
The surgical staple qf'the present invention is

illustrated in Figures 1 and 2. The surgical staple is

20

generally indicated at 1 and comprises a wire-like structure
of invert U-shaped configuration having a substantially
horizontal, elongated croﬁh portion 2 terminating at its
25 ends in downwardly depending leg portions 3 and 4. The
free ends of leg portions 3 and 4 are cut at a slant (as
'at 5 and 6, respectively) to cause the free ends of the
legs to terminate in points 7 and 8, respectively.
Referring now to Fiqures 3 and 4, a plurality of the.
30 surgical staples 1 are illustrated as being arranged in a
tandem row on a surgical stapling instrument guide means 9.
For purposes of an exemplary showing, the guide means 9 is
illustrated as being an anvil plate of the typé taught
in the above mentioned copending application. As is

35 most clearly shown in Figure 4, lthe elongated'anvil plate



— .

8 has an inverted U shaped cross section. The anvil plate 9 conprises a 2:///
rai sed central portion 10 termnating at.its edges in downturned portion

11" gnd 12. The portions 11 and 12, in turn, ‘terninate in lateral flange -
poftions 5 13 and 14, respectively. Side portions 15 and 16 of the surgical
stapling instrument (Figure 4) coopgrate with the flange portions 13 and 14
ang it he downwardly depending portions 11 and 12 of the anvil plate 9 to
form el ongated channels 17 and 18. The channels 17 and 18 are in parall el

10 . i@ e e st ' t 0 of th
anvﬂoa;?’gfg;.ghié'h?’%%clegarbl %Ihg%gﬁ%a%%ue%tﬁ'ng%ét %‘P@t{ a%?%:’sell, Oar r aﬁged

in a taddeompawsest saddisadth sandmalalpquriigron 0l Ccxminatinglate 9 with the
. ¢ ) . )
crown pgLtd %ﬁg%&?l._ﬂi?%?lrg%@ﬁ%e porCérH‘QI.]g%dJQlPﬁ ]'ﬁueFLtSSPE RE anvi

plate portion-l _ t i tions 3 and 4 travel 1n channels 17 and
18, respdc@indelly?, Wit Fute gamminatenid g afferak it Lings PRBRERREI ng anvi |

pl at es | gtzera@lg fl'ﬁ”%%p’b%fﬁ%l%ﬂu Tﬁﬁﬁ?(‘édﬂ/@id’ns As5 iasn&hpé_!\ﬁ’bf Nefé gur e 3, t he
forwardnost end of 20 anvi] plate 9 termnates in an anvil 19. As will be

shown héY&Fgatte S taRldinS it tEHmeR b pf Bl ir e ndy tFREPFHA BRtYRED procedure i s
fornmed apRuiflidlige Poddicks 155 drid lfaddy shevdowmwiit gLy eddpehdenygpper

pper sEREconss 1 i 2 RF Wi riEsel aff fhckS FEpRaFLBRBREETpl anar, | n
the par tohanrel eibodimernts. t attghtchantdkes abbvandreh8 i anedib). SarRal et

4, 100 S8 0 ALY U, SPRELT, 00, ) LR LR e anvi | ) e
Figure ?gé#’di@ﬁ driver s anwgh qzsla_t'iee :ilgllés 1rl©f01(.)herlgmshhenteéh iesi zhovvn in.
tCLngf 3??4%02%%?’?%%%% ani ?ﬂ%ﬁ%‘?%d_{%e?}ﬁ gi_ﬁf ??Jgt' sur gi cal
stapl e straddle the central portion 10 of anvil plate 9 with

| the crown portion 2 of each staple contacting the upper

- 15 surface of anvil plate portion 10. The staple leg portions
3 and 4 travel in channels 17 and 18, respectively, with
the points 7 and 8 of each staple contacting anvil plate
lateral flanges 13 and 14, respectively.

As is shown in Figure 3, thé forwardmost end of
20 anvil plate 9 terminates in an anvil 19. As will be
shown hereinafter, each surgical staple during the implanting
procedure is formed about this anvil 19. As is clearly
shown in Figure 3, the upper surface of the central portion
10 of anvil plate 9 is coextensive with the upper surface
25 of anvil 19. While these surfaces may also be coplanar,
in the particular embodiments taught in the above mentioned
U.S. Patent 4,109,844 and the above mentioned éopending
dpplication, the anvil plate portion 10 lies at an angle
of about 30° to the anvil 19.

30 In Figure 3, the forwardmost surgical staple 1 of the
row thereof is shown in cross section, positioned upon
anvil 19. This forwardmost staple is therefore in position
to be formed and implanted. When the first surgical staple
of the row is formed, implanted and removed from anvil



the rowis formed, inplanted and renoved fromanvil : 9 19, the row of
aples wll be shlfted forwardly to.locate-the next succeeding surgical
apl e on anvil 19. This is acconplished by a st apl e advanci ng shoe 20, -,
agnentarily shown in Flgure 3. The shoe 20 straddl es the central,5 *
portion of the anvil plate in nuch the sam® way as do the surgical staples
and contacts at |east the leg portions of the last staple of the row (the_k
shoe nmay al so contact the crown portion of this |last staple, depending upon
its design). Th@,shne appl oEsstapkas| yitdnbdeashifaedarfibriwarmiiy ccd Qoddee
- last staple ( f ow the directi of ,ar row A.
To acconplish % &t(ﬁ g%ﬁ%ég‘iénﬁay“ 81§8§rs€'§ﬁﬁqﬁ Sflgé?i‘v g‘r\/g]dl f}bjys any
appropriate nehmsa¢nompkhsha¢ buch asaplepridwgncdngpshoe @Esekgpmentarily

the 11ke. 15 snownReLUERLNOe! S, Fi GHLE sfoc B WD LA heda2nd 18

has been exagger urposés o Par: Ity Siess 'S appar ent
from Fi gure’4 E%tl@heOEt alpeeamvcbup&asm fm ratcdr &hley s@mee way rash deerised v)

wth respect {Quhecbenitabieal sgd Egﬁtthgt&slgt()fle%@e e Al o drwar d

t he surgi cal e 1 nstrunment ortions 1 Sl ze
. channel s 17 anaflghaslﬂétpétﬁP@etﬁé tégsrpw gase ﬁﬁ@ﬁeﬂwﬂhﬁ%kEPIQQntéﬁt

precluding sucpplatesgh pBELLLAYICR! thie 4 GHapileAP| b drt SigRigomOits

practical, particularly 1n a. single-use,: disposable surglcal 1ﬁ¥)|n
i nstrument. 253¢Rign} esufhs- §H°S EPBBP@ﬁ\ﬂhP@ﬁr¥¥:ﬁ9ﬂs§ﬁ%&ﬁ§9ﬁﬂﬁq% Pxce to

i |1 ustratedOin.fboya8tSsthpler ¢addi tharefess s:%ctﬂwaénaﬁ.x@fvztdw)oum m@ | eg
portlons 21 through 24 of _a series of prior art surqical %Hgf g$
wire of circul @+TEFbienseEt RPEROWTRe prPoPCSOmPdLah 6§H§?d ed to
be mounted on Mayapyi boﬁbﬁhﬁt@& hbgeayﬁarsiamy oy iy %Epzﬁr@hfhé‘teA

fragnmentary portion he sta le a vanC|n shoe 20 i s shown a I n
forward force ?8a§§agP8%I§B°YT afig % pring,”a 'Spring bi PPad pawl,

or the like. _
15 Returning to Figure 4, the .width of channels 17 and 18
has been exaggerated for purposes_of clarity. Nevertheless,
it is apparent from Figure 4 that the staple 1 could shift
laterally (i.e., transveréely) with respect to the central
raised portion 10 of anvil platé¢ 9 and toward the surgical
20 staple instrument Side portions 15 or 16. To so size
channels 17 and 18 as to permit the legs to pass there-
through while precluding such lateral shifting of the
surgical staples is simply not practical, particularly in
a single-use, disposable surgical stapling instrument.
25 This results in a problem which is semi-diagrammatically
illustrated in Figure 5. Figure 5 is a cross-sectional
view through the leg portions 21 through 24 of a series of
prior art surgical staples made of wire of circular cross
sectlon. The prior art staples may be considered to be
30 mounted on an anvil plate of the type shown in Flgures 3 and
4. A fragmentary portion of the staple advancing shoe 20 is
shown applying a forward force to staple leg 21 and there-
fore to all of staple legs 21 through 24. The force is

' indicated by broken-line arrow 25.
35



fore to all of staple legs 21 through 24. The force is indicated by

br okenzline arrow-25. 35 10 By-virtue of the circular cross section of
1 egs+21 through 24, the force (indicated by -arrow 25) tends to pass through
the centers of these legs, and their points of tangency. Their circular
Cross 'section tends to cause 5 the |I'egs to cam each other, either to the

| eft or to tBy migitue Bfuthd egrdillantAisd essbtionrgl 1€gs221to the

ri ght, I e 2 4 te 0. .ur leg. 23 to,the_left, all as viewed

in Fi gu\r@grgggjﬁ?z?'l %thgeP%O%g:rﬁ f@g‘rﬁ%lcoq‘%?qﬁeblf g‘b@?%yz%gug‘?\n FelPto cone | n

cont act paistsh throudgdwthel Cenctretlsy afepehebeigleys | iamd theindpdnbé t he anvil

pl ate or ' Nt ~sj rti . d 0. h [gical_stapling

i nstr ungrﬁ Q"((:ésn ?egn%ﬁg'ur éﬁ{ f)q% %’%“Jﬁlcei%; 21% oZé% e%egc%};%ﬁ ftgerx(?:éle%' %%a‘l:?\%?et hese

feI emSnEj:th%_t Liegs é'?s@ﬁnf réasthi ]Enﬁieranﬁdgmmtta eshe tkefihi ah tclurpehles proper
orwar d f; ng. ykde S i £h e evere, can

resul t ftj;'}'%?lg:lmn r?glué e%ﬁcﬁ"’n% tﬁ%ﬁ%ﬁ%d‘lﬁeig%ﬁ ?? e Xn%%ed that the

sur gi calrigihdp| ahillies Lagfe 34 1A W4 a1d cto ciree keds33sktetthbd having two

pai rs ofy Hamgahn G IS Fighte DI M™thide] LodraThgni FEShgPaEr 1S made
up of flats 26 20 and 27, while the second pair is nade ug of Slats 28 and
29. The g degHimaYofcansarethe® 49 \CAM o LIRS 761 BagtPe 4P¥nori ented at

90 tip t mfaquraégaidmj sHrARidd Cal | an®PpPsee £hat sn¢B12apta28 se that, for

pur poses of description, if flat 26 is considered as |¥I ng at Lerr, 25
' %ga%ea aplia

about t FdciaddRneste il o P Mt 2, antelp 195 the fr]
whi | e fligiszrhfetitl GRrarmiduneated, atif efid sespbLdOlegesaeet eyebgd Fl at 26
is l.ocated .on V\/q_'e& may be ‘termed, for é)urgé)s s.o{:.thif descriﬁti?n; t he-
front s@IRIRDENeRR PRS0 4 HFEAsed pr 1 AFLOPAL 2aRRgeRRRE surf ace
of the demules which impedes proper forward feeding of the row of '
15 staples and, if sufficiently severe, can result in jamming.
Returning to Figures 1 and 2, it will be noted that

the surgical staple 1 is made up of wire of circular cross
section having two pairs of diametrically opposed flats
formed thereon. The first pair is made up of flats 26

20 and 27, while the second pair is made up of slats 28 and
29, The first pair of diametrically opposed flats 26
and 27 are oriented at 90° to the second pair of
diametrically opposed flats 28 and 29 so that, for purposes
of description, if flat 26 is considered as lying at 0°

25 about the circumference of the staple, then flat 28 is
located at 90° while flats 27 and 29 are located at 180°
and 270°, respectivély.

Flat 26 is located on what may be termed, for purposes

of this description, the front surface or face of the

30 staple 1. By this is meant, that surface of the staple
which faces forwardly toward anvil 19 (Figure.3). It will
be noted that the flat 26 (hereafter termed the front flat)
extends along the crown portion 2 and the downwardly
depending leg portions 3 and 4 of the staple. In a similar



whi crfaces forwardly toward anvil 19 (Figure 3). It wll be noted that

t he 26 (hereafter terned the front flat) extends along-the crown. |,

por 2 and the downwardly depending | eg portions 3 and 4 of the stapl @,
In § 1 | ar fashion, diametrically opposed flat 27 is |ocated on what -~
may beé termed the rear face or surface of tiie surgical staple 1, i.e., that
surface which faces rearwardly away fromanvil 19. It will be evident frogy

Figure 2 that . 54 ft terned the.rear, flat) also extends

al ong the ful IE‘%%%%]%%'-o?l%'ﬂgEgSFSﬁégl oppRsed gl(?\%h zgz)rlﬁ Jr?cza'éﬁfﬁ pewhat

- downwar dl y depeayi bg tegmpdr thensedrafidcé. oki guirdard DM IR sultfERIMEL i C
Cr-0ss-section | {simLar i 5). through the legs 4 of a
plurality of i%t%ggéaéélEE%&pIégagfgﬁkgaEGpgagﬁﬁw&%ﬁ?ﬁﬁﬁﬁ%ﬁﬂ??éiﬁm?@?%hen
arranged i n a faomeanvdl b8.andkkl wplit be9 exddenmvfriom Figums B thdk 4£1lat 27
Once again,ga y |10 f ) l\e vangi.n hoe, 20 i 5 shown.
For purposez o$ﬁ§€%$g%§%iSﬁ?&%ﬁe@g,ag%ggg?% ﬁgaﬁeobﬁﬁﬁéiikxa Wi Yt ed

15 |a throughfrdl lengthrofstbecshwgicali swapdet sirown fpouigion 2 dred) the
portion 4 of cashn@hralgsepehdiag! 1852Bbet:B0L hayd o8 26 through 29 are

. shown for each staple. en arranged irn"a tandemrow as shown in Figure 6,
it will be noted thBtIERe Préft af Femizdiggrammartdonane Sereiglond 1l eabew

staple leg 4 igsimidlet EBNFiyhtl & eth%iﬁgw %ez?te%”heé#gg %ﬁ%ﬁ‘aﬁt&h&f

adj acent s @ple Ieg. This istrue for all "but the forwar _
rearwar dnost sIHEFEGRLsEhpPLesoPLt kBet fyBemshown fife Rigusasinosandtapl e | d
of course has wigeddrtangad $hall eadbeadrely on il prfdnty fdatsdeh 0 25
contact. The rearwardnost _staple la has its rear flat 27 engaged by the .
stapl e advanciHy 5h3ered. 3 spRte 4t neOPERIBARY Par PafFa@man A PRk aPr 0f a
through |1 d conthetseapbeoheanaliaggshbe 20l 46 RAIWMNS HdBtpdoddad . of he

force exerted by surgjcal s | e, adyanci.ng_shoe 20, .which is ipndicated 30
by broken Iinee%?f%ﬂggb?nCoﬁggi?Gﬁggei &y SigiE e o, pave been eSlgnateg

15 1a through 1d. The cross sectional view is taken through
the leg portion 4 of each of these surgical staples and
the flats 26 through 29 are shown for each staple.

When arranged in a tandem row as shown in Figure 6, _
it will be noted that the front flat 26 on the forward face
of each staple leg 4 is in.qbutment with the rear flat 27 on
the rear face of the adjacent staple leg. This is true

20

for all but the forwardmost and rearwardmost surgical staples
of the tandem row. The forwardmost staple 1ld of course has
no additional staple ahead of it for its front flat 26 to

25 contact. The rearwardmost staple la has its rear flat 27
engaged by the staple advancing shoe 20. Since the tandemly
arranged surgical staples la thﬁough-ld contact each other
along their leg portions flat-to-flat, the force exerted by
‘surgical staple advancing shoe 20, which is indicated

30 by broken line arrow 30, constitutes a straight line

passing through the abutting flats 26 and 27. It will

be evident from Figure 6 that there are no components of

force tending to urge the staple legs 4 laterally.

It will be understood that the leg portions 3 of the

|
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passi ng through the abutting flats 26 and 27. It will be evident from

Figure 6-that there are no conponents of force tending to urge the staple
Iégg;i laterally. It will be understood that the | eg portions 3 of the
12 surgical staples la through Id will simlarly be arranged flat-to-fl at
and a broken arrow sinmlar to arrow 3@ could be drawn through themin the
sqne fashion. As a result, surgical staple | eg portions 3 will not be urged
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any t enﬂgnsudoéu&becﬁmr ghetlumbaR! @3 de0 g tiiied elownmardldeAged st the
gUIg means _or to be |lifted away therefrom This would further_ enhance the

f eedi'ngtBe fﬁ@déPSpPgstPﬁ §u§ﬂﬁ§?éaﬁﬁﬁﬂ%ﬂﬁIﬂ}QW%FVUﬁéﬂPIﬁﬁﬁr% a
hori zong gl a@baﬁbhgﬁeaewmﬁn&ed%éed frifdtdigre aZ‘xd |dﬂ§ﬁtt’fe§{ﬁué§l‘1€téujﬁhca|
stapl e of .Fi ure and cated on the uppe surface of anv 19 in
positi of¥t o] a e i's

Ty BiEIP P be S EASALA BN ELnh e i HRARLER A &7 S LY
fragnentaimliyatkeauwn the bpttonIend of a staple forner 31 of a surgical
stapling Ins&%“&?&&'fﬁ%tﬂ%' %ed%€é¥¥gbod by one skilled in the

15 art that if the anvil plate 9 were horlzontal,_as is

true of the staple guide means of the surgical stapling
instrument of the above mentioned U.S. Patent 3,873,016,
those portions of front and rear flats 26 and 27 extending
along the.surgical staple crown portions would also cooperate
20 j4 precisely the same manner to eliminate any tendency of
the surgical staples to be urged downwardly against the guide
means or to be lifted away therefrom. This would further
enhance the feeding of the staples in a surgicai stapling
instrument having a horizontal staple guide means.
25 Figure 7 illustrates the surgical staple 1 of Figures
1 and 2 located on the upper surface of anvil 19 in position
to be formed thereabout. Above surgical staple 1 there is
fragmentarily shown the bottom end of a staple former
31 of a surgical stapling instrument. As will be evident
30 hereinafter, the sfaple former 31 is shiftable by the
surgical stapling instrument from an upper or retracted
position to a lower or advanced position in which it forms
the staple'about anvil 19. The staple former 31 has a pair
of horizontal lower edges 32 and 33 separated from each

5 : .
other by a notch generally indicated at 34. The notch 34 1is



$0 flerei nafter, the staple fornmer 31 is shiftable by theé surgical stapling
R @strument from an upper or retracted positiron to a |ower of advanced , ,

pes/tion in which it forms the staple about anvil 19. The stapl.e former il
has a pair of horizontal | ower edges 32 and; 33 separated from each .ot her by
a notch generally indicated at 34. The notch 34 is 13 defined by an -
upper horizontal edge 35 and a pair of down- wardly extending vertical side
édges 36 and &EEinetheowean iuppesiler bagetalb @ﬁgﬁoﬁghasd Bs Padan & 8@WY t he
bottom hor i - JdZPi Alx £l 02 Por 81641 VEa80e8q8a! B60ANAE 373 M ler 1 dde

. vertical edge I S connecte bottom hori zontal edge 33

by a curved etligie piqge o3b 38t neteh 3)ﬁ)t%§nC°{1ﬁ6°F8@eF°h6-Piez@ﬁ’t%°“bd’é§'sl

and 33 of stapl g fol{elgdd FBYpPaye Mrvsaapsd a0 65!%5.050@@3.(1 tdlaﬁe_lam at
32a and 33a. ar'FT):’he notch 3 %%1 IS c#?earc shown |gn gur es 10 8 and

will be undertheoexhbeal nedseshaped HBFEH 3% is soprestedatyy tlklfeﬁiqtc%ﬂm

It will be ewigeniohtm Ed@é”§37b$'h&t cﬂi‘véﬂee&b%pb@rftdwag s shifted
downwardly, its | ower horizontal ﬁort onsg 32 r‘# mak. #erst :
contact with the s%?g?’&a?PE%%’Bl'etEe 38 REt P?é'zﬁ’ 5 tter eof .

. The V-shaped &ptsbgs182e0amer33a ﬂay havlér Wls@le(ibetdo nﬂﬂﬂﬂfes (foxmesd therein,
transverse alignnenf_of t urg ‘Qn an t h e

f ound t hat pr?g a’Eoga‘?\daE péé?‘al rL“g‘edHP ﬁg ?’ﬁ'@ &tsa;ﬁ é‘rym%'go operrgtsﬁ‘]t')%gpes
there is al@epdengyof andt he @kA1dr bwnupdehrlsdmaoﬂ cnhatﬁqe:kmmg-rsiaap@l apbec 32
rotate about ltS

19. . Thi I
crown portiont2 ?@ﬁ??ggf‘ﬁtﬂgy %ifaf’ A§2dt !t?'][é:a)wﬂﬁ bﬁ eg porrﬁI onﬂﬁgsﬁﬁgﬁfe
ei ther forwardl ghat asather dkpple comtheri dis @‘meﬁtadefdemmcandi)as itgglower

roll". As wl] be 2 o] e fler, n L aplEn£L0WN
portion 2 andhgﬁéﬁogtgtﬂ ngﬁ E)gggrq'\?/g‘%d s‘i% ng o ]d'lqt “g‘%ké hglgéport(?%ns -
and 4 result wathnthedesikgdbhd wsdlapdend: iagainst the crown portion 2

15 thereof. The V-shaped notches 32a and 33a may be provided

to assure proper transverse alignment of the surgical

staple 1 on an anvil 9.
It has been found that prior to and especially during

the staple forming operation, there is a tendency for the
20 crown portion 2 of the surgical étaple 1 to rotate about its
axis on the anvil 19. This axial rotation of the
staple crown portion 2 results in a shifting of the staple
leg portions 3 and 4 either forwardly or rearwardly, a
condition often referred to as "leg roll". As will be
25 shown hereinafter, such rotétion of the staple crown

portion 2 and such forward or rearward shifting of staple

leg portions 3 and 4 result in an undesirable malformation

of the legs, rendering the surgical staple more painful to the

patient during extraction, and, if sufficiently malformed,
30 impairing the suturing ability of the surgical stpale. Figure
8 is an end elevational view 6f_the structure of Figurxe 7
Figure 9 is an enlarged, fragmentary cross section view thereof.
The staple former 31 is again illustrated in its elevated
or retracted position. Figures 8 and 9 differ from Figure

357 in that the surgical staple 1 is shown mounted on the



of the legs, rendering the surgical staple nore painful to the patient @i
durln extraction, and, if sufficiently.malformed, 30 inpairing the

sut |ng ability of t he surgi cal stpale. Figure 8 is an end el evational
viceW of the structure of Figure 7 Figure 9 is an enl arged, fragmentary

cross section view thereof. The sta Rlqe former 31 is again illustrated in
i ts;el evated or retracted position. éigures 8 and 9 differ from Figure 357
inthat the surgical staple 1 is shown nounted on the 14 anvil 19 with

its cramMipolPi Wath A%Si FEOWRdERFSHENs & Maviae undengang Aubiickenp

pfOducsxéaiow@aélbagarsoltb tpEbﬁ‘t!lE:@S al FoAR@arkl 13£ Jm ) ar to Figures 9 and
8 respectively and |IIustra initial contact between the 5 staple former
31 and the Eapyres| L9 apheli args sifdlarafice Rigyras #Land 8 ally contacts

the suggspabtivapyeahd hhau\ét&h&@eani&tfaue%&&a@td b"e?cwéxi fHd st assure
proper transverse allgn t he sur cal tapl e on .t he a%i 19. As
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the st ﬁbl;mefrgBmeﬁ.nﬁi:;_aﬂhqdfcbaitfa&&sﬂﬁhéatﬁi:matmEStﬂtdm 51d 'ditmé dSL apl ef crown
portio and .on i nsi,des of. st apl.e ortions an and hereafter
Per eaVr AbARSAL Betrhee) YRahe a0 eévé’%*ﬁ SRR  ace of anvil 19
to causeahbeesseplaaimmmm@rfe"t}m sifrd'iraagh tap]ssel:lf am the anvil 19

assuri n tEah_Qt.heA§t e%s eq Ry td %rl%.e%i %%doé-‘% f5 anvpﬁ%ll'l%l&?r?endl cularly

orienté& res ec the dpp&PEurTace as” shown in
Fi glP eof1 theef suhrglb:atlt @r’nalpdﬁ Zotyal thed g8z afukn@s o3l stipee forner 31 are

not noleaRsdag NEsEaRald o A0 dam e vasld | coampepat B the

st apl e runni n e upper art sur e Crown
porti o@ 2ndn@naltineg 1trmd@m Qfd@stad-‘rl%dreg; mruméle@dp@r@m@ns 3 and 4

and he'h%%fefa%”ce‘ia't'e%etdhect{eol%ofé@:& 10  Urd ef &§égéé£a£é‘ witghthgg" the

- surgical staple 1 wth 25 respect to the anvil
upper surface of anvil 19 to cause the staple to "square" or

15 "right" itself on the anvil 19 assuring that the staple

leg portions 3 and 4 are properly perpendicularly oriented
with réspéct to the upper surface of the anvil 19, as
shown in Figure 11. If the bottom horizontal edges 32

and 33 of staple former 31 are not notched, these bottom
edges, themselves will cooperate with the staple flat 28
(running along the upper part of surgicai staple crown

20

portion 2 and along the outsides of surgical staple leg
portions 3 and 4 and hereafter called the top flat) to

further assist in "righting"” the surgical staple 1 with
25 respect to the anvil 19.

Figure 12 is similar to Figure 7 but illustrates the
former 31 at its position immediately after initial
contact and at the time when the actual forming of the
surgical staple 1 begins and its points 7 and 8 begin
to enter the skin 40 of a patient to close or suture the
wound 41 therein. It will be evident from Figure 12
that the end portions of the surgical staple crown pdrtidn
2 are beginning to be bent about the anvil 19. At
the same time, these bent end portions of the surgical

5Staple crown 2 are exiting the V-shaped notches 32a and

33a of staple former 31 and are beginning to be contacted

30



gur e 12 is simlar to Figure 7 but illustrates the fornmer 31 at its

ion imediately after initial contact and at the tine when the ‘actual
ing of the surgical staple 1 begins and its points 7 and 8.begin 30 #p
enter the skin 40 of a patient to close or suture the wound 41 therein. It”
will be evident fromFigure 12 that the el portions of the surgical staple
crown portion .2 are beginning to be bent about the anvil 19. At the sangw/

time, thesepherheLRhRd | ?oztmrsslryé Cathd S3RPLEc£66FN 2TREGEEXI tiNg
t he V-shaped™notches 32a and 33a of staple fornmer 31 and are beginning to
be contacte&n‘nQEFHQﬁt9R¥Wﬁﬁ\ﬁﬂﬂ%xRRF¥i%9$o%§ and o3y SQOPREREST. These
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tend to lifteslhghtyy $h@MhBBeHBPRBY BYI kAGCvertical staple former

15edges 36 and 37. Finally,.it will not only remain in
contact with staple former edges 36 and 37, but ultimately
will be contactéd by staple former edge 35. At the same
time, the botﬁom flat 29 of'surgiCal staple 1 remains in
part at least in contact with the;upper surface of anvil 19
20 2nd in contact with the side edges of the anvil 19. During
the forming, the central part of surgical staple crown
portion 2 may tend to lift slightly from the upper surface

of anvil 19 until coﬁpressed by the staple former edge 35.

. Nevertheless, the bottom flat 29 will remain in contact with
25 the anvil edges. This constant contact of the top flat 28
by various edges of staple former 31 and constant contact
of the bottom flat 29 with the upper and/or edge surfaces
of anvil 19 will assure against crown rotation and leg roll
throughout thé'staple forming and implanting procedure.

30 . Figures 14 and 15 illustrate the fully formed |
and implanted staple after removal of the surgical
stapling instrument. Again, like parts have been given

" like index numerals. As is evident from Figures 13

and 14, the fully formed staple takes on a sort of

35box-_like shape. When properly formed and implanted,

I
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of anvil 19 until conpressed by the staple fornmer edge 35. Neverthel ess, .
the' bottomflat 29 will remain in contact with 25 the anvil edges. This
cong®ant contgct of the top flat 28 by varioeus edges of staple fornmer 31

and constant contact of the bottomyfgl at 29 with the upper and/or edge
surfaces of anvil 19 will assure against crown rotation and |eg roll

t hr pughout the staple form ng and inplanting procedure. 30 Fi gures 14
and 15;ikl peingke 7t Badf 8l lappreaddd cdtth igBHaNtal staplmeqfter renoval of

t he surgical st%pli g instrun%%t. Qg?in, i ke p rtf have been given |ike

i ndex REKELARS. 3805 40 FT8e FUDSTARRA]IYe SORK Bee (FREYRTy forned
stapl eltakad as)a sEiguere I8bds lsikd 1HARR PRpirrimerdyt f orned and

I mpl ant, 6 its points.7 and.8 roach each other, and_jts |eg :
porti oﬁ‘inS&ﬁ& #5afe sg‘ﬁg&tcﬁ‘t is%aﬁ}ec i Y REOH é’%lti}h tS5).  Figure
16 i $ andi havihg Begw €ofmedbuthiild wsdhritiasi gy Howwand aptely2, not .
provid W, | a d  havi been. for whi exhipiting forward | eg
roll. ﬁg \W'P'I[i % Eﬁ‘g’?&i&%‘% ttﬁlgtt B%‘ee Fleeg? ;?(ﬂ){%%g%%s _ aﬂbélig‘i o%o g%?ghave their
ends pbaxe rhedicr endsy podwdridge dciresttiar towhrd ecach ctiver aand adtg coaxi al .
Fi gure [ g l.ar. 16Q, F 2116 1?ﬁ@i [ typl sur gi cal
stapl'eno}' fgbgit?g&igrn%r é!soggglg(}t'i o?l\c/% ou]trb.t#e?]}zgﬁéis)féot h%P ‘?g%ent

i nvent l@nandi Rgagar tid Instradfsd @ domniqil entgieal skaekenefal s. Figure 17

di fher & ificamal PHeRsl G ddt iiditwiithdd Usild A esedrht MUESEdsshap! e whi ch has
undergone rearward |eg roll during the formng and 1 nplanting pro- 15
cedur e inxgaition. wilikepPardiehavmtagaidn feaen stbren hbike aprdesr e not

direct lma&%chimxﬁ@hpm@fw_flm B0Sd apg eih eghperitons 43 and 44

are not substantially coaxial. It will be evident fromFigures 16 and 17
that alddRFEILHRFH AR SPRIRAIEISTEHIRII R RESHRPLTIORBese figures, when
20 renpéeagtwiiridh 1 2ROty etd afd@iind Uedd asmp hahtiRgoptokn

15 cedure. Again it will be noted that the points of the
staple are not directly approaching each other and that the
staple leg portions 43 and 44 are not substantially coaxial.
It will be evident from Figures 16 and 17 that a staple
implanted in skewed condition as shown in these figures, when
20 removed with an appropriate extractor, such as that taught in
U.S. Patent 4,026,520, may cause more pain to the patient.
While the flats 26 through 29 could be formed on
surgical staple 1 by coining or the like, it is easier
and preferred to make the surgical staple 1 from wire
25 having these flats already thereon. The width of
flats 26 through 29 may range from the narrowest _
dimension which will still enable the flats to achieve the
- above stated purposes.to a width such that the surgical
| staple is nearly.square or rectangular in cross section.
30 The use of a wire of square or rectangular cross section,
as opposed to a wire of circulaf cross section having
the four flats 26 thfough 29 formed thereon, is undesirable
for several reasons. A staple of square or rectangular
cross section has sharp edges and is more difficult to

35 form. During the forming process, at the points where the



S. ent 4,026,520, may cause nore pain to the patient. Wile the flats
gh 29 could be formed on surgical .staple 1 by coinihg or t he |ike,

i asier and preferred to nake the surgical staple 1 fromwire 25 ‘9.
havi ng these flats already thereon. The width of flats 26 through .29 may
range fromthe narrowest dinmension which will still enable the flats to ..
achi eve the -above stated purposes to a width such that the surgical stapls
is nearly square or rectangular in cross section. 30 The use of a wire of
square or rectangul ar cross ‘'section, as opposed'to a wire of circular cross
section having the four flats 26 through 29 forngg thereon, is undesirable
for several reasons. A staple.of square ior rectangul ar cross section has
sharp edges and is nore difficult to 35form During the form ng process, at
the points where the . stapletigobent s bydges widlgeecus [ip the wiren(usvwaldyrin
(usually in about the labsgt theclbwer dnerthird T Ehelwdre ciuE el aterial

comr essi on) . These bulcae SEbiobf SH{sELCplidd bl HQREL-P SRR P%Pshe

staples in a tandemrow a row o apl es-

to jam Furthernore, st‘%ﬂ?%’%‘*”ﬁa&é the staptes 4n Feﬁ'ﬁ’é@uﬂ?}f apd; may, addp cthe
~difficult' to renpve Botten@ency tOIﬁetMrrgmcaf stmpﬂeslnmt)aanvm“ahdrmm.ssm:aes

former. The lower end %d&h@frs%ﬁgﬁecgr tzasté{\&g%ﬁro&ut&ﬁréqnééeahi’:f?ﬁxh*%r eggh

29 i s governed not onl

enable the flats to se vex}’% tE’ gf%%&é‘a f)\fﬁgd(?gé iﬁﬁ%t 3&@5 ng ?‘&‘f 3 to

prac- ticality with reﬁée%etfd’fﬂﬁé ease of forming such flats on a wire of
circular cross section. |t fie WoWer éridion dife iraagskdd lthafwidid verdy in the

art, armed with the joe aﬁawzgs ekl 20RL ERRRa At HR1ETHY REe Vedulel! the

width for flats 26 t rough 0Se€s, acc
above noted factors, td§athef anflattHath a\ﬁ%&weat to enable the flats to

serve their lntendeq purpose, but also by a matter of prac-
ticallty with respeqt to the ease of forming such flats
on a wire of cxrculqr cross section. It is well within
15 the skill of the woﬁker in the art, armed with the teachings
of this application, to de#ermine an ideal width for flats
26 through 29 to suit his purposes, taking into account
the above noted factors, tédgether with the diameter of
the wire from-which the staples are formed and the size of
20 the staples. As a non-limiting example, excellent results
have been achieved through the use of a surgical stapling
instrument of the type taught in the above noted copending
application and staples made of wire of .020 inch diameter
having flats of a width of .005 inch formed thereon. As:
25 a general rule of thumb, the width of the flats 26 ﬁhrough
2% should be from at least about one tenth the diameter
of the circular wire from which the staple is made up to a
maximum width wherein there still remains an arcuate surface
between adjacent ones of the flats. It will be understood
30 that the top and bottom flats 28 and 29 need not be of
the same width as the front and rear flats 26 and 27.
Modifications may be nade in the invention without
departing from the spirit of it.
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the wire fromwhich the staples are forned and the size of 20 the staples/.
As a non-limting exanple, excellent results have been achi eved through{.
the ge of a surgical stapling instrunent of the‘type—taught—m the above
nat®ed copendi hg application and staples nade of \j ; di anet er
having flats of a wdth of .005 inch forned ther*ﬂﬂiﬂ%‘lmﬁmtﬁﬂ ral rule
of thunb, the width of.the flats 26 through 29 s N Ors atv | east
abetit one tenth the dianmeter of the siggcwW ar wire fromwhich the staple is
made up to a nmaxi mumw dth wherein there still remains an arcuate surface
bet ween adj acent ones of the flats. It will be understood 30 that the.top
and bottom f| at sSCB¥M8id 29 need not be of the same width as the front and
rear flats 26 and 27. i g ' y ' tion wthout
departing fromthe sa'ir'vlb}g %“?8?%49@%5% Rgcggéjﬁ?%kﬁlé %ﬁbgﬁﬁl cal staple for
use with a surgi sedplihgpindtgunést ENERS tYbet HéringPguitry mBgngui de neans *
for carrying a plurality of said staples arranged 5 separately in a tandem
row, an anvil, nfemsarsyingieantyredisyiof spid| stardpsmrraaged gui de neans

towards said . anvil an ans _for formng said staples abaout,said anvil,
sai d surgi calsast?i aeragg-rgﬁ%r’insfnga'bdfe& A aos W‘Fé'oge%’?sr %ﬁFa?dvcﬁ"S B9section
having an el ongagggi RREHZONAbns QWA POIdel ABard towhfddNisAad | 433t 1 ts ends
in downwardly depending | eg portions each of said | eg portions having a
poi nt forned at aad meane £l formihgaspid rsteplels aabetut i sl wnwbhosed fl ats on
said staple, the portions qof said sta&le between said flats_ fqormng convex

cylindrical surf&tts S8 Is?i_?%leoF°§ Pipgi ¢ o ce %&t"ﬂ'ﬁﬁi?ﬁgicrié% tively
along the front apd.seareQfn fa)theShARI1SnGE QM NEALAhOM 338ws ot tis

port.ions, said flats being so | ocated on said staple that when said staple _
is arranged I attaic@rispwtoitd dads iizabowivaptibs depending leg portions

each of said leqg portions having a point formed at its free

end, and a pair of diametrically opposed flats on said staple,
the portions of said staple between said flats forming
convex cylindrical surfaces, said flats of said pair

15 extending respectively aiong the front and rear of
said staple crown portion and said leg portions, said
flats being so. located on said staple that when said
staple is arranged in a tandem row of identical staples,
said flats will lie in abutting reiationship with

20 similar flats on adjacent ones of said staples whereby
in use, the means for advancing said staples towards

the anvil acts through the said flats of the staples.

2. The surgical staple claimed in claim 1 wherein

25 the cross section of the wire has a second pair of
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aid flats will lie in abutting relationship with 20 simlar flats on

3 acent ones of said staples whereby in . use, the neans for-«advancihg éil d
ples towards the anvil acts through the said flats of the siapl €s.

\IMe surgical. staple clai med in claim1 wherein 25 t he cross section of
the wire has a second pa - 19 - dianetrically opposed flats, sai d—\
second pai uln“l “ﬂa‘l Iﬁ&'“orl ented at [err] to said first ment i oned pai )
of flats, second pair ex- tending along the top of said
crown portlon &nd" al ong 5" the outsides of said | eg- portions, the other

flat of said second pair extending along the bottom of said crown portion
and along the insides of said leg portions. 19 « 3. The surgical
staple claimed in claim2 wherein each of said flats has a width of at

| east one-tenth the dianeter of said wire. 4. A surgical staple

substantially as herein &ﬁametﬂﬁéﬂrlﬁb%dﬁehhﬂﬁser%‘fa‘i sko1Pads df ! ust rat ed
by Figures 1 to 4 and 6 to 15 of t acconpanying drawi ngs. The text of the

speci fication has been ré}.nt;dbeén:b oyieitedost BE°hgo t seddafits tc annsianedgi nal

typescript. It may contain w anmendne / £ e difficult to read. -
The original" typescript E%’_rﬁ grfnﬁ?d’st'he%qf gkﬁg%eﬁ? 4 f8FoR R p®ET ed on the
prem ses of the Patent (X{ifi@g along the top of said crown portion and along

5 the outsides of said leg portions, the other flat of
said second pair extending along the bottom of said
crown portion and élong the insides of said leg

_portions.

1o 3. The surgical staple claimed in claim 2
vherein each of said flats has a width of at least

one~tenth the diameter of'said wire.

4., A surgical staple substantially as herein
15 described with reference to and as illustrated by
Piqures 1 to 4 and 6 to 15 of the accompanying

drawings.

The text of the specification has been reproduced by photocopying +the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office



