Bl O- ABSORBABLE M CRO- CLI P AND APPLI CATOR FOR M NI MAL ACCESS WOUND CLOSURE
Techni cal Field The present disclosure relates to a wound cl osure devi ce,
an appl i capan1ttees7ef ore, and net hod of using the sane. RoTSGmeovdIcal |y,
the present disclosure relates to bioabsorbable mcro-clips for use in

m crosurgi cal applications. Background The vocal folds, |located within the
| arynx at the top of the trachea are necessary for phonation. The vocal
fold (vocal cord) is a layered structure that includes a stratified

squanous epithelium ﬁlblgﬂgdﬂl%lkf.m&(g%@r%'a?u%ﬁieep connective
L

ti ssue. Both the epithell ‘ rs are involved in
phonation. Injuries to fﬁgmb@ﬁ ?gkgﬂH@©R§@% S¥&E to chronic overuse,

trauma, | esions, polyps, nodul es, cancer, surgical operations and the |iKke.
Heal ing of the vocal folds often results in formation of scar tissue.
Scari ng ﬁf thelngal fold may result in deformation of the vocal fold edge
and disr‘ﬁwpﬁﬂ 1'% he viscosity and flexibility of the |lam na propria.

Scaring ofe pracent Afikloshire! diat@Yiol b EREBodIE delitQTh dpRhcttscPefdbrephRnat i on
and breathing, as well as causing dysphonia and vocal fatigue. The |evel of

scari ng wokthodeofvering tHeoathd. s Marpapedafitally, thrarpyefepttdisclosyrei neatesdionigio- f or
exanpl e, thgﬁ% use of,tge iniury, the | evel of inflammtion induced by the
injury afRfo {GEMENPS EQFSP 1) IcFReYERFALaPRIGYPNSs surgical i nterventi on.
When surgical intervention is required, the type of surgery, tine required
for conpletion of the surgery, manipulation of the vocal folds, instrunents
used i n Bdukgrauednity thereof, and neans of closing wounds (either surgical
or trauma induced), all inpact the resulting | evel of scar tissue on the

vocal f oFRE Vasal [ Ispisd WIAE R IRERK 1D BBy SN Frathe 25 CeRaMOt he
heal i ng BrAGASS. TheGblal M8 YudiSNLdriPN LAl Aod SRl RUL i RITRL I rified

Advances in surgical procedures and tec ogl es have provi or the

r epl acensamols Bpitioliua Egieetidial éaraint propriahamd dégpedonaectReIissud. giotl théVl ni nal
access surgery is comonly used in procedures ranging from appendecton es

t o vascuritheligpang laminaprerriadiaxers gre Enelvedin RharpdPHnsIniyigsdrdhe weadl i ng, and

I ess exp%%,%gy 8zcuir %g{c;@’tlror% g\%}ESe, trauma, lesions, polyps, nodules, cancer, surgical

operations and the like.

Healing of the vocal folds often results in formation of scar tissue. Scaring of the vocal
fold may result in deformation of the vocal fold edge and disruption of the viscosity and
flexibility of the lamina propria. Scaring of the vocal fold may increase the effort

requifed for phonation and breathing, as well as causing dysphonia and vocal fatigue.

The level of scaring of the vocal fold is impacted by many features, including, for
example, the cause of the injury, the level of inflammation induced by the injury and
subsequent remediary  measures such as surgical intervention. When surgical
intervention is required, the type of surgery, time required for completion of the
surgery, manipulation of the vocal folds, instruments used in the vicinity thereof, and
means of closing wounds {either surgical or trauma induced), all impact the resulting
level of scar tissue on the vocal fold. Furthermore, reaction by the body’s immune

system and the healing process itself also contribute to scar tissue formation.

SUBSTITUTE SHEET (RULE 26)



M ni mal access surgery is typically acconplished utilizing a trocar al ong
with other mcrosurgical devices such as forceps, scopes, clanps, suction
devi ces aWO 201816p97ke. These devices are used to view, diPSTBEGR)1280@1E0r r ect
defects within a patient through a small opening. Equally snmall wound

cl osure devices such as staples, sutures, and the |ike have been devel oped
for use in conjunction with mcrosurgical devices. Due to their mnimally
i nvasi ve structure, sutures are often used in |aryngeal surgery. However
limted i nstrunent novenent, reduced tactile feedback, and | oss of

stereopsi s, create chal |l enges. O her wound cl osure deV|ces such as staples
crush t hefqvpREsd Mﬁ'mh%ceeéweisea@ echelogigs havesygudedifar dheapiacemenbofwound

cl osure [ f wher e
appi i cat (TPERRec SGehie R oo A SRt ER Qg AR YR8 LR EB G U

or accesyskd i phdceies rikpvRyRom dpenactienicy@s VaBldrnepsias & prolidet fGrsue
formation, seal too quickly or too slowy preventing proper positioning of
the ti ssudallanacisans quiskerihepia andlessergeire ThiatesndOngamsns are especi al | y
valid in mniml access surgeries that occur in areas with access and
structural limtations but require high tensile strength and | ow scar
tissue foninghdlOdtcésd QF id ypRiafy QBdonSikBAF atiliSR| b6k ahg RFl AR eve the
desired result. Laryngeal surgery occurs in an area of the body with

l'i mitati onisrosengiselddéyjcas suph ae derspy, ceors, kloowsi eurtiandlepieys rod 6oy likédund

cl osure t hods.for use in the |ar device w h tensile

St rongt h TPRoRSHiseS pes SRR el csPenbornd e Brifrd STt pebeedhigh &

Wi t hout rRRRYPeRBg! @ﬁuﬂﬁ%ll Mc@&&@%ﬁcaestuh@% s?afbﬂesdﬁ}fhr%sa%ﬁfé in

| aryngeal surgery should penetrate the vocal fold only as deeply as
necessar yike bawerizmen deedlopagrfer vsedn nonjusstios vdthf mismstitgicat fi@sagse i n such a
manner as to danage the nucosal tissue or the opposing vocal fold. Such
wound cl osure devi ces should absorb into the body in a tinely fashion S0 as
to mni mze SGAET Wﬂnmﬁ'ﬂy iRASPE BRtlthrel XL&%rMQ%f%hQEH& ?r} AEHeES
require mnimal tine for application’ and not uce In tlon a¥ t he
site of tHosveweriniimised dssttwneredomeement; teidssate téaneraﬂeedbnckThedVMncbfcl osure
device should be nmore |jke a suture but easier to apply, providi m ni mal
tissue pEHEEIRsiSi GPAIRICh#IeRESS nBihenstodnd slosens; %'Cﬁﬁéufh a5 taPIRe 1t t %ﬁarragi ng
it. According Mnn%?&??&hﬁu&mﬂ?? Jdor a wound closure device and net hod of
appl|cat|on t here use iIn aryngeal surgery. Sunmary The present -

di scl osure describes, a bio-absorbabl e wound cl osure clip including an
arcuate body;, and at |east two teeth carried by the arcuate body, wherein
t he bi oaBi6FBEkeEownRg Claswe fexices, thﬁé@éracéheéyew@w&@ﬂ ugedisithefaSssue.
The presgil, redéﬁpcl;lcﬂ?owo% fv%tfn@ IosHFeocyévﬂ%% mgrer@%frcloféd to %’C?UCU?I%IOF a\[/)(\p yund i n

S
m ni mal access 'sur T ABs3rHabre wound

cl osur e GhiipSoh ra»wmndlddauHemesrmw ﬁﬁ@ﬂea?&ﬁ@ﬁﬁssﬁ@f&ﬁfa!‘lon aRel teb@sickig t he one
or nore bio-absorbable wound closure clips to ring-Iike shapes on said

wound, weeked %O\lerﬁvg-nb@& W@p?hléosmqumtﬁsfé dtisse, ansiege dvotansie ttrqqgﬁh
ect, .the d scl os

t t { t th
o7 ovi dos TessratenT precpatab 3l PmaiRters wRSEEr et P MAERoet " o
subst ant iagdeky afd kirdith@RlimRendnsBUtaLh@Fe highabhse stren@ACthdabliedcapfigbugecuring
a first portion of a tubular tissue structure to a second portion of a

t ubul ar férewtion 1 erdet Worpsevend slrgishicoaiptcativabbed aahirve the desined reduitp wi t hi n t he
plurality of bioabsorbable wound closure clips conprising an arcuate body
and at least two teeth

Laryngeal surgery occurs in an area of the body with limitations caused by both access
to the location and physiology. Wound closure methods for use in the larynx require a
device with high tensile strength in order to allow for proper functioning of the vocal .

cords without reopening the wound. Wound closure methods and devices used in



carried by the arcuate body, wherein said bio-absorbable wound closure clip
penetrates wi thout crushing tissue. In another aspect, there is provided, a
surgi cal wosbrameesvs i ncl udi ng a handl e assenbly; a shaf tcasseohlogo2iand a
rotatable end assenbly, wherein the rotatable end assenbly conprises arns,
whi ch do not touch upon full closure. The present disclosure further

descri bes a surgical instrunent including forceps having cupped distal ends
configured for holding an arcuate body of a bi o-absorbabl e wound cl osure

clip. I'n|@a)pidieturdsherduld bBSetPite s ocdi R &awa@d dp%sdee%eéakx to dRtirenound

cl osure including forceps having cupped di stal configured for hol ding
an ar cuatcshredyndofioteexiindafiverorthelolosureduisdcic b mammer 8¢ tpdamagt thermndwsal of

bi o- absor pabl e und cl osur | i each absaor babl e un closure clip
Conpr | o1 MG e AP B IR e and ik P ARPREGEEY DR B ua o

body. Th%oﬁ??ﬁ&ﬂh@ﬂx FALHRE Y adl 8 rhi|rkigd gc%hh%,/eAQ\?wsomnétsy BQUouhBlRPgdRd to be
inany way limting. In addition to the iTlustrative as ects, enbodi nent s,

and f eat uleeise vhduld beemoaeniaippd tieret fobyppliebtorearmkendtantite idflammnaten atndhet he

follow ng detajled description. Brief Description_of the EXamnggg,
Enbodi nentte %btths peuas §€Iaé§8rr§d%eescaég&“ﬁtféﬂnﬁé?“el ﬁhWH“‘F &fosvrenteyiceo t he

it awi 1 4 Bl el 1y 120D G 0 AR ORA Eofratop | | _

bi o- absor wound cl osure c I'p of esent dISC osure

depi ct i owithf manmertudd) ipirzhing @fie Bssbé a4itabstoddpadpirg ivvound cl osure clip upon
deformation of the wound closure device; FIG 3 is a depiction of an
enbodi nent of a bi o-absorbable wound closure clip in use in closing a vocal

Iﬁl d; Fi %c%cﬂafnglgat&ggiifgin%@dqgr %%8&%‘)9&[&8%&& %na%gcihgglofia%%walfi%ﬁnt of
e presen I §cl osur €,
thereof for use in laryngeal surgery.

Summary
The present disclosure describes, a bio-absorbable wound closure clip including an
arcuate body; and at least two teeth carried by the arcuate body, wherein the bio-

absorbable wound closure clip penetrates without crushing tissue.

The present disclosure further provides, a method of closing a wound in minimal access
surgery including applying one or more bio-absorbable wound closure clips to a wound
during minimal access surgery, and closing the one or more bio-absorbable wound
closure clips to ring-like shapes on said wound, wherein upon closing the bio-absorbable

wound closure clips penetrate tissue without crushing.

In another aspect, the disclosure provides a plurality of bio-absorbable wound closure
clips disposed in a substantially elliptical configuration relative to each other and
securing a first portion of a tubular tissue structure to a second portion of a tubular
tissue structure, each bio-absorbable wound closure clip within the plurality of bio-

absorbable wound closure clips comprising an arcuate body and at least two teeth



FIG 5 is an expanded view of a portion of the surgical instrunent of FIG
4, FIG 6 is an expanded view of a portion of the surgical instrunent of
FIG 4; RAVG202/16%97a4 depiction of the novenment of an enb@dirsene1200H02a1
surgical instrunment of the present disclosure; FIG 8 is an alternative
enbddi nent of a bi o-absorbabl e wound closure clip of the present
disclosure; FIG 9 is an alternate enbodi nent of a bi o-absorbabl e wound
closure clip of the present disclosure; FIG 10 is a graph of the

degr adat icanidartyfthé ercahtecsviag divier BinSaiafbi éabdopb s @b bR EI8sure diittpeedsitase cl i p
of Exanple 1; FIG 11 is a graph of the tensile strength of an enbodi nent
of a bi oViH¥yE BaBhies suRd closure clip; FIG 12 is a graph of the tensile
strength of an enbodi nent of a bl o-absorbabl e wound cl osure clip of the
present disclosure as conpared to that of a suture; and FIG 13 is a graph
of the tenshdtBesispeagiterofs provigsthadurmdal insfrumehi iAcladi®ghhablie aaumsly;cl osure
clip of the present disclosure as conpared to a suture. Detail ed

Descri pt iaomartrassénablyodridodiretgtaipte end asseaidlye mhetdimthe raidteblenes dssemblde to t he

acconpanyi ng .draw ngs,.. Which form a rt hereof. In the drawings, simlar
synbol s tcﬁﬁ%Eaﬁ‘SWmF'g'éﬁhﬂ ‘f’ci/”%itﬂi‘?halfpoé'gﬁlbgﬂ%ﬁ?‘s, unl ess context dictates
otherwi se. The illustrative enbodi nents described in the detailed

description, drawings, and clains are not meant to be liniting, O her
enbodi nedts pcernbdisadesuré iather dastribehasurghahigesuroant ibgudiag ércemst Haging

departing fromthe spirif or sc .of the subject tter esent ed herein.
The. pr et SapbetbeophaTra iy P AR -ba Sl A LrIehie g
suitableckg&eqﬁﬁ in mniml access surgery. Specifically the bio-absorbable
wound cl osure clip can be used

In another aspect, the present disclosure provides a kit for wound closure including
forceps having cupped distal ends configured for hoiding an arcuate body of a bio-
absorbable wound closure clip; and a number of bio-absorbable wound closure clips,
each bio-absorbable wound closure clip comprising an arcuate body and at least two

teeth carried by the arcuate body.

The foregoing summary is illustrative only and is not intended to be in any way limiting.
In addition to the illustrative aspects, embodiments, and features will become apparent

by reference to the drawings and the following detailed description.

Brief Description of the Drawings

Embodiments of the disclosure are described herein with reference to the drawings in
which:

FIG. 1 is a. depiction of an embodiment of a bio-absorbable wound closure clip of the
present disclosure;

FIG. 2 is a depiction of an embodiment of a bio-absorbable wound closure clip upon

deformation of the wound closure device;



in areas of the body with limtations caused by access to a target bodily
| ocati on and/ or physi ol ogical structure. The bio-absorbabl e wound cl osure
clip has wohogpnebemsi | e strength and induces little or mrcmiSGabizmoeniti ssue
formation in-situ. The bi o-absorbabl e wound cl osure clip has a m ni nal
penetration depth and absorbs into the body in a tinely fashion so as to
mnimze scaring. The bi o-absorbabl e wound cl osure clip does not crush
target tissue (i.e., the clip at |least substantially avoids crushing target
ti ssue, such as mucosal tissue) and does not cause irritation to proxinal,
adj acent , FIGI 3 BQndepRtion 6f @ eribcRihient of b Gickdbserabisio wWoabd elosuperdib iBlussinr e cl i ps
of the present di S(¥| ﬁsure require mninmal tine for application and avoid

i nduci ng B%MEAN06! I substantial inflammation at a target bodily

appl i catifg, skti@ sSHpla®i & JrEmBBdIREnt bharRbdieal GitGinadt OF thd Brd¥kAi NG scar
tissue formation. The bi o-absorbable wound closure clipis simlar in
penet r at i ¢jsclaserea suture, providing mininmal tissue penetration with maximal
hol d, pi nghi the ti e W i i Unl | suture, however,
the bi o- a%*;‘b?%a%n%p%dééﬁﬂgﬁ%éE?@%a?f‘&gggﬁ%‘é"%@l‘#ﬁy@%ﬁ ably, and quickly
appl i ed. AGes b ap-enpaded glowaf sponidn of the yugicelinsirue@nt SfFIG@pl ied with a

m ni mal ampupt of force thus reducing, mnimzing, or preventin
unnecessar$: glls ‘?ﬂgcf'PBﬂ%ﬂhet"?°é’§'?]§"t(fz§ﬂ‘gﬁ@%dl’ﬁ‘é"ﬁ?f@-saf%‘ﬂ'B%fﬂ'f’%emﬁ%ﬁ cl osure

clip can hesepPBkdi®drd:0 nNucosal tissue surfaces in situations in which
tactile feedback is reduced nmaking suture insertion difficult. Al though the
present dil6c|Bbisiancalterrative eambogimentiof pybio-aspripblel weund dessird clipopfitheur gery,

t he V\Dundprgle?f”iggosq%\(i ce and surgical instrument of the present disclosure
can be used fTor essentially any type of mninmal access surgery. M ninal
access SUR@ery iscam aitérahtedemiadirh@s LofGe bip-abbbrbslsls weyad | cisuatlipi sfcthgde
connecting bodily tissues, for exanple, nuscles, tendons, and the |iKke.
Exanpl es R5fseRt disdesyfegeri es that can be performed using the bio-absorbabl e
wound cl o5& R ieh kRpRbf the Feftb@stRAtorétile S PRSMdntLdratiio-BbtoriabRl watihgc edur es
performed in assocliation wth one or nore of, wthout Iimtation, |aryngeal
surgery, olasyegclipof kkamplegery, ocul ar surgery, nasal surgery, sinus surgery,
endoscopi u ries,..clos i n ubul ar. \tissu ructyres, skull
ase. sur dig 3¢t ARIpbFRL o §3e Sy lh 8L BRbadiait o o B8aP el

bi 0- absordugbteslippound cl osure clip can be formed from any defornmable, inert,
bi oabsor babl e materi al having a hi,gh tensjl e strengt For exanple, the

h.
bi 0- absorfbSA2ds 88ARA °§F'¥?s‘6?%’gdﬁ9’?$ of.arhepodingent of %?ﬁsﬂfb@blﬁﬂwpﬂabl e
netal s, rEdsate fib Bpt‘ﬁ@prél%m@&p_@m @ogcaa%i at'gﬁﬁe%tmgutﬁm' tes, and/or one or

nor e bi o- absorbabl e pol yners. Bi o-absor metal s fhat can be used

i ncl ude, Fi6r 1%ig argpapd, of tipatensilestrength bt druembaedimenttdf @rbjo-shsdrbahle waukd .

Bi o- absorbabl e.. | al exanpl e, nesi um cal cium strontium

al um numc°stJr?(§f'£r§rfatﬁ§gﬁeéérg?ﬁssdgﬁré%%omﬁg{{?tﬁrﬁsug’ﬁ conmbi nati ons of these can

al so be weeslledDescripisnr babl e pol yners can be used to formthe clip or as a

coating on the bio-absorbable wound cl osure cli ﬁ Bi 0- absor babl e pol yners
b

that can 'BEhefeliewingdetgiipd ﬁfé?’W'&Bft'Ff?'%{EF & MefAs Y Jhe rESPMPanyingfirawings,

pol ycapr - , 0P X DO Yotk | : and

copol ym%ﬁ%ﬁl%ﬁ%ﬁ%%@?eﬁ%ﬁﬁ%m %J?“&Eﬁf@?@ﬁé%ﬂ,ﬁﬁ%ﬁﬂ%ﬁ !aarwound

cl osur e cbmponents, belessmontext dictates atheowised Mreiilyststivetendodidténtsedgsaribedm | n sone
enbodi nent e, bi p- absor babl e wound, ¢l osure clip can be forned from 99. 5%
mmgnes: ot e etfied rRPhaitpaRed R4 Gt Teiros Gienft & ¥ ene. BBs: bab o
wound cl GebodinfdnkPcahde Lilizdd, &l Sfled @raBges can bé afade IWiGRIuEdepartiigedmENt Ccan
include, for exanple, polishing, coating (e.g., bio-absorbable polyner

coati ng, 0% SRHI seapgof Hg)subinctamadiee Aresenied barpisnent , stress corrosion, acid
corrosio ' : Ji ' I ients, the
mat eri al H-P g? Enes%*g}edti{%g}g Eﬁe?{?%ﬁ%%%ﬂéﬂ eslo%élﬁgz%*‘ggﬁ)sgeé P? %ﬁ@ﬁ% eQSJEFace

abr aded. nhininebaeesshpEeryreSpedficatihtherbid-asoedableovaund glosire chip cencizssedabl e wound
closure clip can be coated with a bi o-absorbabl e polynmer coating. In an
enbodi nent, the material form ng the bio-absorbabl e wound closure clip can
be coated with poly-E-caprolactone. In sone enbodi nents, the bio-absorbable
wound closure clip can be coated with gold. Treatnent can be used to alter
paranmeters of the bioabsorbable wound closure clip such as tensile strength
and bi o-degradation / resorption properties. For instance, in sone

enbodi nents, gold coating can accel erate bioresorbability properties of the
clip(s). Additionally, gold coating can further reduce or mnimze tissue
scarring. In several " embogkapiRien sHEERY 250188 wound closure clip of
the present disclosure has a thickness and structure suitable for efficient
degradati on and bi oabsorption while maintaining tensile strength necessary

o T



I n enbodi nents, the bio-absorbable wound closure clip can have a ngjor

di aneter fromabout 2 mMmto about 4 mm In enbodi nents, the major dianeter
of the biwoabsosbahl e wound cl osure clip is about 3.5 mperise2epoehpent s,
upon deformation, the bioabsorbable wound closure clip can have a di aneter
of fromabout 2.5 nmto about 3 nm In enbodinents, the bio-absorbable
wound closure clip can have a dianeter upon deformation of about 2 mm

Al ternate dianeters can be used depending on the |ocation that the

bi 0- absoribaklae oMY dg WaRUInRtatlohPcduSed By P&t taldt® bbaNSbtRiontdnapet h of

t he bi o-absorbabl e wound closure clip is dependent upon several factors,
for exanmhéSIolpﬂpdl@hmslr@f thhe tio-ebsdrbahdatduadwdesude clipdas @ bigh pengilee

mat eri al s, us tqQ.cons ct the bio-absorhabl e woun clip,, coating
on the- bBeIRE aPB e R ar Bt S Poe ToTRBIta tup i B atsoRREe

bi 0- absonRrRle WAk pchgsyrnﬁn.ﬁlau Ben&nﬁ,ohh&dm KRd a'beoa@mgltn@%é i Be

bi o- absor babl e wound cl osure clip can have a tensile strength fron1about
1500 mN ttimehpbtaghio®50G@s tdlmihimiznizedngre fites biotdheotbiable abamdbddsiuee wipudakscl osur e
clip can have a tensile strength of about 1800 nmN. In general, application
of the bi"8t afwé%ﬁ%&%ﬂté%aﬁd tm géurteertt Sbbﬁt?f\tsq"vavwaﬁcrtua*w@g (UEL UM about
10 secon t t S ( f o 0 to
about 3 g@gbﬁégﬁg f E%ﬂefgﬁy d%ﬁtﬁggqg%ﬁlﬁgg¥P8n&E ta é %F%%ﬁéggut 15 to
about 30 comtnalatesal tifsues 'Ilhpp:lw-eﬁidrbﬁblé waend elosdineelips Gf-’EtbS;ﬂé:baﬁhbld&cMQlwed
closure clip is considerably reduced even if nultiple bio-absorbabl e wound
cl osure E89YHE HYEMabpinedor PRPIEADYYIaRENR\WId tiRdUCHI80 X085DYh 8P| Wittt ¢l osur e
clip can I [Q or babl e
vound ol SaameRSR AR dsBler BREMAC Bl K07 fhe B SIS LRRE ) o

t her eby synmeiigizsig sead hsyudlopvibldrlg advant ageous properties of both sutures
and glue. In enbodi nents, the bio-absorbable wound closure clip is not
harnful upon inhal ation and does not Iodge in the airway or induce

i nfl amma cted 1...the bi o-absorbabl e wound
closur o 41 BoteRBRBR Y Bia A8 e PUE i) oo etion Bt kB R0 RRE

enbodi meftigimat iguapenétRidaamh ﬁfaﬁnhehaacma@rﬁngathe&rss@mltﬁo&fdam@ln@ence of

bet ween about 20 and about 40 to the vertical I n enbodi nent's, the
arcuat e bolike xsutuise hawewt@eabuo -alpsoapapleewoting cicndentmacaﬁ beadasily, raiebive t he

ti | 18. . th h t b t th
b o nheoPBLigis e, BB Ffog?%eeéé‘m% AU gor oF | priedem & o
ni cr o- ¢l kfnisRRRA/BuUNERE fs.fa@ dhlukeed bh.ﬂmagﬁgrBalat&ew@@@nﬁé&%w oflip 10

is further depicted in in a cl osed poSition ( Upon 1 nsertion

into tar gédltlormwwesdmha@s Ehe/\/bwmb,sortblablebumrabslouballhﬂ canedppliedtoe clip
10 is closed into an_elliptical, cir ar, aqr "rin " shape 10'. The

ci rcul ar WF%SH&B%SH?B%?C@S' ﬁmt'ewgmﬂb‘iwei@edﬁagk 3%%?6%%#@%3 as

used in {RetohesHig of a vocal fold. In enbodi nents, the arcuate body of
t he bi o-absorbabl e wound closure clip can | ock, and hence can include one
or nore |ocking structures, nechanisnms, or nmeans configured for securing

the bi o-absor babl e wound ¢l osur e clip.in a closed or |ocked p05|t|on Such
| ocki ng éitPWdP%Qreé?"trPé%ffPéer%U&%eéPRH@WH 'iirmng%éa%mocmp'q HEEEMGPR | i ps.

Appl i cat WQUn@f:loﬂuQ'dQvn@@ﬁ% Qﬂgkﬁ n’@?rlﬁ%n? egeln't BISEI erE%aHIB ﬁjse 1% d shoul d
be rapid and any surgi cal trunment used t sor | e wound

cl osur e edsemisipanycype ofidsipinaddlaeceanduipame M.gﬁaatac@egw@e@fcafnl mxlubel ity. A
surgical instrument that can be used for application of the bio-absorbable
wound cl| BYGIPRIEATY-p - oMi¢TREUrBRrERS TN IAFlgde saumesting bedihy diswwgs,i for Example, The

| | andl nb nbl
240 conn@epaly, 1aghe SRR nldliel St IR BRI Gfhe Ry BPRh 8385
r ot at abl gheeBid-56@ABleY WbGAd CRROARC RS dfotheaprbseiabisciassemtivdd 4drgidal @ dI st al

end 148.
procedures performed in association with one or more of, without limitation, laryngeal

surgery, vocal fold surgery, ocular surgery, nasal surgery, sinus surgery, endoscopic



The handl e assenbly 120 includes exterior 122 and interior 130. Exterior
122 of handl e assenbly 120 includes a stationary handle 124, a grip handl e
126, and woab121@$74The interior 130 of the handl e assemnply/sG2012/080211
further _depicted in FIG 5. Interior 130 if handl e assenbly 120 incl udes

| ock 132 and joint 134. Shaft assenbly 140 includes inner shaft 142 and
outer shaft 144. Quter shaft 144 is encased at a proxinal end 146 within
interior 130 of handl e assenbly 120. Inner shaft

2012/ 1699 44RGTL %%ﬁﬂe%f%@?rﬂa}u}‘o“%r'tésu%%‘uruQHI?QsEQkLﬁbfbangsW ﬁg@ééfl %.é‘hkg’r oxi mal

end 146 of outer shaft I's operatively connect nob and | ock
132. | nnexr aghather I4gicalprageeuasi vel y connected to grip handl e 126.

Rot at abl e end assenbly 160 is connected to the distal end 148 of shaft
assenbly 140. As depicted in FIG 6, rotatable end assenbly 160 i ncl udes

arms 170/ | enlngs
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hol es 178/ 180 for connection to pins 164/ 166. Distal portions of arns

170/ 172 'wndoréosur%é@«imﬁan bﬁéommsi/ fre®. bigiadsorpalie metptsi mesal ladeyst $B-can

appr oxi mat, shape t he 0- absor Wre clip of
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upon contraction of grip handle 126, inner shaft 142 is noved t owar d

proxi mal stradtiumecand toridike. sHiedabsoriaable phetel 2615 166 fme@mle,hmagrm@elm,ngs
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enbodi Menk&e cfahcﬁlsarmséa%ﬂo%seﬁbamtponwéﬂa BN be NBERE ot Redigbpasg from
each other even when fully closed, thereby preventing crushing of tissue.

As furt heoatdgmrt:tthe(blq absthbleMounniméqsuselwdrrpt Blot@bsanzhbirupaymersdifiat caddear e
rotatable a nob, 128 aroqnd t he ro i zont al aX|s of the
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cl osur e ‘Erhr‘n@thyie'ﬂe%é’r‘%? PR R0l Pers 161 NGBl VB SRR 96, GichT esent

di scl osure can be In forceps avi ng cupped di st al
speci f i cabdoybarie etbund Hotwdet tlip earc bat forinedyfrah abd:uto90&bstorkmdmlte99/.\ﬂ%nd

closure clip as described herein. In enbodi nents, the distal ends of the
forceps Ar8"eHHPi giirONE gmbpeiments dhwlg/aw&a&'w%a%ﬂ%v@ eliroginréee(e. g.

t he for?c?rﬂﬁedq}ﬁ%sﬁ'?#a}ngﬁum)t .cl ose or touch together conpletely) thereby
Ing t

preventing or mnimz e [ikelihood of crushing of the tissue by the
force of the forceps.

In some embodiments, the material forming the bio-absorbable wound closure clip can
be treated (e.g., surface treated). Treatment can include, for example, polishing,
coating (e.g.,, bio-absorbable polymer coating, or gold coating), hydrogen
embrittlement, stress corrosion, acid corrosion and the like and combinations of these.
In some embodiments, the material forming the bio-absorbable wound closure clip can
be surface abraded. In some embodiments, the material forming the bio-absorbable
wound closure clip can be coated with a bio-absorbable polymer coating. In an
embodiment, the material forming the bio-absorbable wound closure clip can be coated
with poly-e-caprolactone. In some embodiments, the bio-absorbable wound closure
clip can be coated with gold. Treatment can be used to alter parameters of the bio-

absorbable wound closure clip such as tensile strength and bio-degradation / resorption



In use, the bio-absorbable wound closure clip of the present disclosure can
be placed in the inset portions of the arns of the surgical instrunent of

t he presewDdizebasure prior to or at the tinme of depl opuesGon/obéee1

bi o- absor babl e wound cl osure clip, such that the arcuate body or portion of
t he bi o-absorbabl e wound closure clip is held by the arcuate inset portions
of the arnms. The knob of the surgical instrunent can then be used to
accurately position the bio-absorbable wound closure clip and the grip
handl e of SUr i i NSt &Abb I L Ty

handl e tﬁgéﬂﬁgégughfﬁgn?ﬁg'3ggﬁgénent(@ﬁgﬂﬁ'F@gmgggﬁggﬁhggﬁgggﬁé?ﬂg

sur gi cal resmbahilitg ptodentiearal ttle (s N ditenably, gobbsmting lobe futhendeddcesure clip
while penetrating the tissue to bring the sides of a wound into proximal
contact fYPIMHERISHYSCAMBenbodi ments, at | east a single bio-absorbabl e wound
closure clip can be used to close a wound. In sone enbodi nents, two or nore
bi o- absor babl e wound cl osure clips can be used to join tissues together or
cl ose a WowederaFlemboBintlefis,Ctie dnnidterbabrb adiurentioqfre aclipi of abhsopleadrite wound
cl osure c[iP that can be depl oyed by the surgical instrument of the present
di scl osurdisclogirg- Rassd thiglless woad rier ueluse grigakie ifey effigiept degradatiam aagd dipat e

2301 25/ 290 YR Al Bl Bl ke & s AR P T oustirongs

oper at i Veluyin€ @RoRRonh OLd T3 HahY, tAE NHo-d24drPdle wblR @Iosthat @ipP@htieogtaBl@l can
connect horizontal arns 220/222 at the nmddle of the horizontal arns

220/ 222. enppugviodest fasrttarset preintandedtioemeriof svchxg Bbewin? weeltde ittt $peastior i zont al
arnms 220/ 222 .at, one _end, or._ t he ot of the horizontal ,arn 20/ 222. |In
erbod nefl 87 (Rendigadt &t §ast TEABa0 T Siuto M EBPod BBt BB B SHEA e ar m
one end, wddtdBuseapehnRivezZoMialnedd 81 ahodtNE1PARRIb t®o8NG.4 mntiord gont al
arns 220/ 222 include prongs or teeth 230/232/ 234/ 236/ 238 extendi ng downwar d
(opposi t eumber dfarahadimenss, thiadicaghsaerblepprundmtos@lgliptche hafe athickhss qfr ongs or
teeth 230/ 23 4 on ri zontal arm.220 are spaced one off fromthe prongs
or -t 66t h B3R B3R R DB Ao g es e GA D dred R ORISR, Do) 235
are angl GebAMNURIA of SRMRRLIKBRAin Ao 2R0e2s 186 fAURIHehft®. m di i ne of
arcuate portion 0. I'n enbodinents, the prongs or teeth

230/ 232/ 234/ 236/ 238 may be perpendi cular to the horizontal arnms 220/ 222. In
sonme enbodi nents, the prongs or teeth 230/232/234/236/238 may be extend at
the sane '8a§PENSlbivensLfHYE ivoemald, HickdingogeJamina proptaeh Aot A's, the
prongs o t i efte &l fromthe
hori zont gPégﬁn@"‘g%%é%%g‘é%%ﬁé ﬁ%%gﬁégneeg\?%%@é%\%t Saa:ragé%hg&t reee prfgtﬁas or

t eet h r epppedisbrbable, woohd zotosuad chy rean 220/s3&? teanupdrc ldetbematiyn,nthed efo- of
prongs or teeth extending therefrom Tubular tissue structures within the
body, forb®xeaRit avounst slofyrgeslip eaetrags lowi than fhdequak tpi ¥koUah BB | oi ned

or close ' t i nt. discl 9 | Cts
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bi 0- absoefxahdl fromdmeurd iaSucHEa why 8 BARNREB ocbrifld@p ey eshtfatlerdrdihecdirdler i or 312
of a tubular structure 310 or fromthe exterior 314 of the tubular

st ruct ur & RMEr airaerbodi nents, the bi oabosrbabl e wound closure clip can be
used to join a first portion of the tubular tissue structure and a second
portion of the tubular tissue structure as depicted in FIG 9. A plurality
of bi 0- asdhbtientdOmB BiccaRs 2810k b FR0rdXdip2bh AagatheRPLRM R i ed in a
substantially circunferential (e.g., elliptical, circular, or ring-Iike)
confi gur apauws? rom tpabewrdmjroilmemgodiments, thst majntdiseetardf purkio-ehsorbible he
tubul ar tissue structure. |n_enbodinents, the bio-absqrbable upd cl osure
clips caWOB@yék?Qﬁg W'Pﬁb8H%3§rmer§1§H§PFW3“5?‘5Pnd%$@' P@'@%%BFﬁurations
or patt epRSrisdbfdwdind Pk clip chl REAY 4 MianfekdrCH! grh ¥ibBM%D. & Agm b kBog03 as to
join one or nore portions of a tubular tissue structure. The bi oabsorbabl e
wound cl oswr e embogircents, ke bimebsorable og®inteldsyreadip pam havel d diarseteeupan (t hr ough
accident or surgically) tubular structures in the body. One or nore

bi o- absor babl e wound cl osure clips can be applied to the tubular structure.
For instance, a plurality of bio-absorbable wound cl osure clips can be
circunferentially deployed / disposed relative to each other about a first
portion of a tubular structure (e.g., a first tubular structure) and a
second portion of a tubular structure8(e.g., the first tubular structure,

or a second tubular structure) to secure the first portion (e.g., upper
portion) of the tubular structure to the second portion (e.g., |ower
portion) of the tubular structure (e.g., such that the inner dianeters of
the plurality of bio-absorbable wound closure clips intersect a common
spatial plane). Exanples The present technology is further illustrated by

T o o o



20 bi o- absor babl e wound cl osure clips were fornmed from 99. 5% nmagnesi um
(Sigma Aldrich, 13103). Ten of the bio-absorbable wound cl osure clips were
coat ed wWwb 2pdg9tzaapr ol act one (PCL) having an average wolrscab@roosei ght of
80,000 (Sigma Aldrich, 440744) as follows: 3% PCL wv in nethylene chloride
10 magnesi um bi o- absor babl e wound cl osure clips imersed in PCL solution
for 45 seconds followed by air drying at roomtenperature. | mrersion
degradation was carried out in artificial saline as follows: Artificial

saline = ; : ti of - f i S

Al drich) dwm{rﬁa%%{egbgﬁs??ﬁrtnér A?g’?‘?@??ﬁ}eﬁﬂ’% ég%hﬁlge %géndcgﬁ?éngﬁléo%§g ngdi um
chl or i delochtidE thathe bivaabsbebabedvaindXiglite clivhgroass wedand nmagnesi um PCL

sanpl es were suspended in separate solutions having an initial pH of 7.36.
| mersion was carried out for two weeks foll owed by atnospheric drying for

48 hour STh ngﬁp%t%hgﬂtdfghgﬁi&ab}&baﬁémhg cl%s%glé(ﬁ;ﬁis?ﬁggﬁeﬂg%ﬁpséﬁgml i cation

and Strengt udi nal 1T ncrsion was nma vocal cords

of cadaveictars, Fogedadipye) Riskrkeat thadigabepbibie Wiohd tlos@e cipethbirmatahsor babl e
wound closure clips of the present disclosure were | oaded onto the surgical
i nst r umeHteddadonsieist thecbiefabibiblaworny Hgeye ¢lie cantinden tetkierabsiasbahie
operating m scope. . The surgical instrunen s used to depl oy and deform
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like. In embodiments, the bio-absorbable wound closure clip can have a tensile strength

from about 1500 mN to about 2500 mN. In embodiments, the bio-absorbable wound

closure clip can have a tensile strength of about 1800 mN.

In general, application of the bio-absorbable wound closure clip in situ can take less
than about 10 seconds, or less than about 5 seconds (e.g., from about 1 second to about
3 seconds). By contrast, suture application can take from about 15 to about 30 minutes.
Thus application time for the bio-absorbable wound closure clip is considerably reduced

even if multiple bio-absorbable wound closure clips are applied.

In embodiments, the bio-absorbable wound closure clip can act as a splint, wrapping
around a vocal fold. The bio-absorbable wound closure clip apposes the epithelial edges
and holds down the flap thereby synergistically providing advantageous properties of
both sutures and glue. In.embodiments, the bio-absorbable wound closure clip is not
harmful upon inhalation and doeé not lodge in the airway or induce inflammation when

inhaled.

As depicted in FIG. 1, the bio-absorbable wound closure clip 10 can include an arcuate
body 12 and teeth 14/16. In embodiments, the arcuate body can be arcuate at an angle.
of incidence of between about 20° and about 40° to the vertical 18. In embodiments,

the arcuate body can be arcuate at an angle of incidence of about 30° to the vertical 18.



Assessnent of the strength of the closure was determ ned based on

vi bration. The surgically secured cadaveric |arynges were secured to a
frame andwbheiyweesk fol ds were apposed to sinul ate vocalcirsicdoaddezat i on
during phonation. Air was punped from bel ow through the trachea to sinulate
subglottic air pressure and induce vibration of the vocal cords. The
ability of the bio-absorbable wound closure clip to hold securely with
sustained traction or vibration was assessed. The bi o-absorbabl e wound

closure ﬁl‘ h Asgn Hér%hya Q u:‘li?e rﬂ1 t? rggnt\au atolooefbso”:t?égfgpwguéd In vivo
A LRI o vt !

Bi o- Conpa absor e Wou osure were prepared in the

f or m of dbupscinr@caaIUenSsHaaagedpma@ﬁd,ﬂn@@-ﬂmsh@p@ and’f’fﬁe”m.et h' ckness. Five
types of clips were prepared as follows: Type 1. Eight clips of unpolished
99. 5% magnesi um 0.35 mﬂthi ck. Type 2: Four cli ps pol i shed 99. 5%

i T | shed:,99,5%
095 o The Bio™SbsBIabi, 6 XBEE: d PR, GbRP BRIt FIE 20 806 ™y pe
5: Four ?«ishtﬂﬁn mgl Urd @&r@% mwgéms@@aw\dasm muR&he%|&swbm above

in Exanp mm t hi ck. Polished clips were pollshed with silicon
car bi de \2/9001 griure gkip @D is dosed iptiogw elkintisalapiesidieoi Zég-lkat shpwei X0 .ofledd supi ne

{r ansor aF1 1o BecesbesPBam e st <5 g5 acurERT 06T SRR TR I HIGs 1 to 5

as del i ng@atRdalifpigt he chart bel ow.

In embodiments, the arcuate body of the bio-absorbable wound closure clip can lock,
and hence can include one or more locking structures, mechanisms, or means
configured for securing the bio-absorbable wound closure clip in a closed or locked

position. Such locking structures or mechanisms are known in the art for locking clips.

Application of a bio-absorbable wound closure clip to the vocal fold should be rapid and
any surgical instrument used to apply the bio-absorbable wound closure clip should be
adaptable and have a great degree of flexibility. A surgical instrument that can be used
for application of the bio-absorbable wound closure clip of the present disclosure is
depicted in FIG. 4. The surgical instrument 100 includes a handle assembly 120, a shaft
assembly 140 connected at a proximal end 146 to said handle assembly 120; and, a

rbtatable end assembly 160 connected to said shaft assembly 140 at a distal end 148.

The handle assembly 120 includes exterior 122 and interior 130. Exterior 122 of handle
assembly 120 includes a stationary handle 124, a grip handle 126, and knob 128. The
interior 130 of the handle assembly 120 is further.depicted in FIG. 5. -Interior 130 if
handle assembly 120 includes lock 132 and joint 134.

Shaft assembly 140 includes inner shaft 142 and outer shaft 144. Outer shaft 144 is

encased at a proximal end 146 within interior 130 of handle assembly 120. Inner shaft

10



PI G O osure Device Used Duration Results post Sacrifice Remarks
I psilateral Contralateral |psilateral Contral ateral
WO 2012/169974 PCT/SG2012/000211

142 is surrounded by outer shaft 144.  Proximal end 146 of outer shaft 144 is
operatively connected to knob 128 and lock 132. Inner shaft 142 is operatively

connected to grip handle 126.

Rotatable end assembly 160 is connected to the distal end 148 of shaft assembly 140.
As depicted in FIG. 6, rotatable end assembly 160 includes arms. 170/172, and
deployment block 162. Outer shaft 144 includes openings (only one shown) 150. Pins
164/166 connect proximal portions 174/176 of arms 170/172 to shaft assembly 140.
Arms 170/172 can include attachment holes 178/180 for connection to pins 164/166.
Distal portions of arms 170/172 include inset portions 186/188. The inset portions
186/188 can approximate the arcuate shape of the bio-absorbable wound closure clip of
the present disclosure. Deployment block 162 is located within the outer shaft 144 and

operatively connected to inner shaft 142.

As shown in FIG. 7, upon contraction of grip handle 126, inner shaft 142 is moved
toward proximal end 146 of outer shaft 144. Pins 164/166 move within openings (only
one side shown) 150 drawing arms 170/172 toward each other and deployment block
162 toward the proximal end 146 of outer shaft 144. In embodiments, the arms
170/172 do not touch but remain at a distance from each other even when fully closed,
thereby preventing crushing of tissue. As further depicted in FIG. 7, inner shaft 142 and
outer shaft 144 are rotatable at staggered angles by knob 128 around the horizontal axis
of the surgical instrument 100 for accurate placement of a bio-absorbable wound

closure clip.

In some embodiments, the surgical instrument of the present disclosure can be in the
form of forceps having cupped distal ends specifically arced to hold the arcuate body of
a bio-absorbable wound closure clip as described herein. In embodiments, the distal

ends of the forceps are configured for intentionally avoiding complete closure (e.g., the
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forceps distal ends do not close or touch together completely) thereby preventing or

minimizing the likelihood of crushing of the tissue by the force of the forceps.

In use, the bio-absorbable wound closure clip of the present disclosure can be placed in
the inset portions of the arms of the surgical instrument of the present disclosure prior
to or at the time of deployment of the bic-absorbable wound closure clip, such that the
arcuate body or portion of the bio-absorbable wound closure clip is held by the arcuate
inset portions of the arms. The knob of the surgical instrument can then be used to
accurately position the bio-absorbable wound closure clip and the grip handle of the
surgical instrument can be pulled toward the stationary handle thereby pushing the
deployment block forward and arms of the surgical instrument inward deforming the
bio-absorbable wound closure clip while penetrating the tissue to bring the sides of a

wound into proximal contact for healing.

In embodiments, at least a single bio-absorbable wound closure clip can be used to
close a wound. In some embodiments, two or more bio-absorbable wound closure clips

can be used to join tissues together or close a wound.

FIG. 8 depicts another embodiment of a bio-absorbable wound closure clip that can be
deployed by the surgical instrument of the present disclosure. Bio-absorbable wound
closure clip 200 includes an arcuate portion 210, horizontal arms 220/222, and prongs
or teeth 230/232/234/236/238. As depicted in FIG. 8, arcuate portion 210 can
operatively connect horizontal arms 220/222. The arcuate portion 201 can connect
horizontal arms 220/222 at the middle of the horizontal arms 220/222. In
embodiments, the arcuate portion 201 can connect the horizontal arms 220/222 at one -
end or the other of the horizontal arms 220/222. In embodiments the arcuate portion
201 can connect a first horizontal arm at one end, and the second horizontal arm at the

opposite end.

12
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Horizontal arms 220/222 include prongs or teeth 230/232/234/236/238 extending
downward (opposite the location of the arcuate portion 201) therefrom. The prongs or
teeth 230/232/234 on horizontal arm 220 are spaced one off from the prongs or teeth
236/238 of horizontal arm 222. Prongs or teeth 230/232/234/236/238 are angled
downward from horizontal arms 220/222 and toward the midline of arcuate portion
2i0. In embodiments, the prongs or teeth 230/232/234/236/238 may be perpendicular
to the horizontal arms 220/222. In some embodiments, the prongs or teeth
230/232/234/236/238 may be extend at the same angle from the horizontal arms
220/222. In some embodiments, the prongs or teeth 230/232/234/236/238 can extend
at.different angles from the horizontal arms 220/222. Although depicted with two and
three prongs or teeth respectively, horizontal arms 220/222 can include any number of

prongs or teeth extending therefrom.

Tubular tissue structures within the body, for example, intestines, trachea, veins, and
the like can be joined or closed using the clip(s) of the present disclosure. FIG. 9 depicts
another embodiment of a bio-absorbable wound closure clip. The bio-absorbable
wound closure clip 300 can be deployed from the interior 312 of a tubular structure 310
or from the exterior 314 of the tubular structure 310. In embodiments, the bio-
abosrbable wound closure clip can be used to join a first portion of the tubular tissue
structure and a second portion of the tubular tissue structure as depicted in FIG. 9. A
plurality of bio-absorbable wound closure clips can be arranged/deployed/applied in a
substantially circumferential (e.g., elliptical, circular, or ring-like) configuration or
pattern joining the first and second portions of the tubular tissue structure. In
embodiments, the bio-absorbable wound closure clips can be arranged in one or more
additional or alternate configurations or patterns such as spirally, linearly, circularly and
the like so as to join one or more portions of a tubular tissue structure. The bio-
absorbable wound closure clip can be used to close fully or partially severed (through
accident or surgically) tubular structures in the body. One or more bio-absorbable

wound closure clips can be applied to the tubular structure. For instance, a plurality of
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bio-absorbable wound closure clips can be circumferentially deployed / disposed
relative to each other about a first portion of a tubular structure (e.g., a first tubular
structure) and a second portion of a tubular structure {(e.g., the first tubular structure, or
a second tubular structure) to secure the first portion (e.g., upper portion) of the tubular
structure to the second portion {e.g., lower portion) of the tubular structure (e.g., such
that the inner diameters of the plurality of bio-absorbable wound closure clips intersect

a common spatial plane).

Examples

The present technology is further illustrated by the following representative examples,

which should not be construed as limiting in any way.

Example 1

Degradation of bio-absorbable wound closure clip

20 bio-absorbable wound closure clips were formed from 99.5% magnesium (Sigma
Aldrich, 13103). Ten of the bio-absorbable wound closure clips were coated with poly-¢-
caprolactone (PCL) having an average molecular weight of 80,000 (Sigma Aldrich,
440744) as follows:

3% PCL w/v in methylene chloride

10 magnesium bio-absorbablé wound closure clips immersed in PCL solution for

45 seconds followed by air drying at room temperature.

Immersion degradation was carried out in artificial saline as follows:
Artificial saline = 10:1 concentration of phosphate-buffered saline (PBS; Sigma
Aldrich) with 0.92 grams/liter (g/l} xanthan gum;

Concentration of sodium chloride (NaCl) was maintained at 8 g/|

Magnesium and magnesium-PCL samples were suspended in separate solutions having

an initial pH of 7.36.
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Type 5 Exanple 4 Bio-Absorption Rates of bio-absorption of clips of 99.5%
magnesiumin situ were tested using four pigs for three weeks. The results
are showwonoidweodzabl e below. Cip No. Cips Inserted NecrSGzeR/obvasent
after 3 weeks Attrition Rate, % Unpolished Magnesi um 12

Immersion was carried out for two weeks followed by atmospheric drying for 48 hours.

As depicted in FIG. 10.

Example 2

Wound Closure Clip Application and Strength

A longitudinal incision was made on one or both vocal cords of cadaveric pig larynges
creating an epithelial flap. The bio-absorbable wound closure clips of the present
disclosure were loaded onto the surgical instrument and inserted through a
laryngoscope and oriented via an operating microscope. The surgical instrument was

used to deploy and deferm 3 to 5 bio-absorbable wound closure clips per larynx.

Assessment of the strength of the closure was determined based on vibration. The -
surgically secured cadaveric larynges were secured to a frame and the vocal folds were
apposed to simulate vocal fold adduction during phonation. Air was pumped from
below through the trachea to simulate subglottic air pressure and induce vibration of

the vocal cords.

The ability of the bio-absorbable wound closure clip to hold securely with sustained
traction or vibration was assessed. The bio-absorbable wound closure clips held

securely for 15 minutes of vibration.

Example 3

In vivo Bio-Compatibility

Bio-absorbable wound closure clips were prepared in the form of clips. The clips ranged
from 0.35 mm to 0.2 mm in thickness. Five types of clips were prepared as follows:
Type 1: Eight clips of unpolished 99.5% magnesium, 0.35 mm thick.
Type 2: Four clips polished 99.5% magnesium, 0.35 mm thick.
Type 3: Three clips polished 99.5% magnesium, 0.25 mm thick.
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Type 4: Eight clips polished 99.5% magnesium, 0.2 mm.
Type 5: Four clips polished 99.5% magnesium coated with PCL as described

above in Example 1, 0.2 mm thick.

Polished clips were polished with silicon carbide 2000 grit paper. Five pigs were
anesthetized and positioned supine with the cervical spine slightly flexed. A
laryngoscope was inserted transorally. Bio-absorbable wound closure clips were applied

to pigs 1 to 5 as delineated in the chart below.

PIG Closure Device Used Duration Results post Sacrifice Remarks
Ipsilateral | Contralateral Ipsilateral | Contralateral
1 4 clips 4 clips 2 weeks 1clip 0 clips Type 1
2 4 clips, 1 Noincision [ 2 weeks 4 clips, 1 NA Type 2
non- non-
absorbable absorbable
suture suture
3 3 clips, 1 No incision 3 weeks 2 clips NA Type 3
absorbable .
suture
4 3 clips 5 clips 3 weeks 0 clips 1clip Type 4
5 4 clips Incision no 3 weeks 1clip NA Type S
closure device

Example 4
Bio—Absoerioh
Rates of bio-absorption of clips of 99.5% magnesium in situ were tested using four pigs

for three weeks. The resuits are shown in the table below.

Clip No. Clips Inserted No. Clips Present Attrition Rate, %
after 3 weeks
Unpolished 12 -5 58
Magnesium ' '
Polished Magnesium 8 1 88
Gold Coated 3 0 100
PCL Coated 3 1 67
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1 67 As shown in FIG 11, the gold coated clips dissolved conpletely in a
rapi d amount of tine, while the PCL coated clip remained. Exanple 5 Effect
of | nhal avoani2/dépare clips were inplanted into the tracheae/sckotwooyni gs
beyond the endotracheal tube to mimc inhalation of the clips. After two
weeks the larynx and entire | ower airway were dissected but showed no sign
of clips or inflammtion. Exanple 6 Deformation Under Load and Tensile
Strength To test the |oad bearing ability and tensile strength the clip
was manu it Joh Lol gt i W th
sur gi cal a%:hbs{%@ ?ﬁﬁ%égg'.ﬁe Oédngﬁgdegﬁgb(ﬁe{s?@g??g@pgélwgrg@rgrpﬂ(ﬁ@ﬁg% to the
ar cuat e d@meswbile the@CCkoqred dhparefaedends of the nyl on threads were | ooped
around silicone sheets clanped on to the ends of a tensile tester. The
tensile tester was set at a strain of 1 mis and readi ngs were taken until
| oad dropg r8saghed 40% of neximal value. A suture (n=4) was also tested for
conpari son prﬂrposes. The results are graphically represented in FIGS. 12
and 13. PBegbpMWRalbfiodl G 12, a single clip has a tensile strength of about
1800 mN. When three clips are used, the tensile holding strength of the set
of cli psFiveclipsereseiserianted dtio the PEDEaN twaigsewand themnCotracheabtubkitp has a
greater tensil.e strength (abqut 1800 niN) 6 as conpayed. tp a suture (about
Y600 iy MR Ao G LB At Mg MemnE RF OO e Bl bt Sk her e n,
ot her asgiesdctednd sisirdi & Wbd br iRBardRR@EENt to those skilled in the art.
The various aspects and enbodi nents di scl osed herein are for purposes of
illustration and are not intended to be limting, wth the true scope and
spirit bgiar#‘gphieedi cated by the follow ng clains.

Deformation Under Load and Tensile Strength

To test the load bearing ability and tensile strength the clip was manually placed into
silicone rubber sheets (simulating tissue) with surgical cusps forceps. Nylon threads
were tied using a ‘simple knot to the arcuate ends of-the clip. The free ends of the nylon
threads were looped around silicone sheets clamped on to the ends of a tensile tester.
The tensile tester was set at a strain of 1 mm/s and readings were taken until load drops-

reached 40% of maximal value. A suture (n=4) was also tested for comparison purposes. .

The results are graphically represented in FIGS. 12 and 13. Asshownin FIG. 12, a single'
- clip has a tensile strength of about 1800 mN. When three clips are used, the tensile
holding strength of the set of clips is increased to about 2800 mN. As shown in FIG. 13,
a clip has a greater tensile strength (about 1800 mN) as compared to a suture (about

1600 mN).

While various aspects and embodiments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to

be limiting, with the true scope and spirit being indicated by the following claims.
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Claims 1. A bio-absorbable wound closure clip conprising: an arcuate body;
and at least two teeth carried by the arcuate body, wherein said

bi 0- absorwehkbe/mermd cl osure clip penetrates w thout creshmisegoioseue. 2.
The bi o- absor babl e wound closure clip of claim1l1, conprising a

bi 0- absorbabl e material selected fromthe group consisting of

bi o- absorbabl e netal s, bi o-absorbable netal alloys, bio-absorbable polyners
and bi o- absorbabl e netal - pol ynmer conposites. 3. The bio-absorbabl e wound
closure clip of claim2, wherein said bio-absorbable material includes
magnesi um 4. The bi o-absorbabl e wound closure clip of claim1, wherein
sai d bi oClalmsor babl e wound closure clipis surface treated. 5. The
bio-absoEbggle WO ng clos cI| of claim4, wherein said treatnment is

sel ect ed}f FQIaRsoTRaglew IPSATRES "Bi 0- absor babl e pol ymer coating,

gol d coati ng, |ttlenent stress corrosion, acid corrosion, and
abr asi on. 6'arh:¥rg ég?gadﬁggé babl e vvound closure clip of claiml1, wherein

sai d bi o0- absoathedst avowrettdcactiabioy the arduptdtaslya t hi ckness bet ween about 0. 15
mmto about 0.4 nm 7. The bi o-absorbable wound closure clip of claim1,
wher ei n WAPT@INsalsL bigrabsasbahie WRHIMhE OTIr §liR Rer@lRisS Ethoyt erapfyng tissser engt h

bet ween about 1500 mN to about 2500 m\.

2. The bio-absorbable wound closure clip of claim 1, comprising a bio-absorbabie
material selected from the group consisting of bio-absorbable metals, bio-absorbable

metal alloys, bio-absorbable polymers and bio-absorbable metal-polymer composites.

3. The bio-absorbable wound closure clip -of claim 2, wherein said bio-absorbable

material includes magnesium.

4. The bio-absorbable wound closure clip of claim 1, wherein said bio-absorbable wound -

closure clip is surface treated.
5. The bio-absorbable wound closure clip of claim 4, wherein said treatment is selected
from at least one of polishing, bio-absorbable polymer coating, gold coating, hydrogen

embrittlement, stress corrosion, acid corrosion, and abrasion.

6. The bio-absorbable wound closure clip of claim 1, wherein said bio-absorbable wound

closure clip has a thickness between about 0.15 mm to about 0.4 mm.

7. The bio-absorbable wound closure clip of claim 1, wherein said bio-absorbable wound

closure clip has a tensile strength between about 1500 mN to about 2500 mN.
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8. The bi o-absorbabl e wound closure clip of claim1, further conprising a

| ocki ng mechani sm configured for securing the bio-absorbabl e wound cl osure
clip in avolopedogasition. 9. The bi o-absorbabl e woundrcirssase/ooé21p of
claim1l1, wherein said bio-absorbable wound closure clip degrades in situ in
about 2 weeks. 10. The bi o-absorbabl e wound closure clip of claiml1,
further conprising horizontal arns operatively connected to said arcuate
body, wherein said one or nore teeth extend downward from said hori zont al
arms_and sanghe bi®wsotbadlaTivdlhd &loetires@ipdoBElghatle fip@eke. cordgkising mdkm‘g' of
closing a wound in mninmal access surgery conprising: ppl yi ng one
or nore BPeshamsvrdsafiswedbemeceingsinedietapinsbakie wqmdwb)sun@rqhngnmﬁmdl access
surgery,p nd . cl osing said one or nore bio-absorbabl e wound cl osure
clips to'ring-1ike shapes on said wound, wherei n upon closing said
bi o- absor babl e wound cl osure clips penetrate tissue wthout crushing. 12.
The nmethod of claim 11, wherein upon closing said bio-absorbable wound
closure & i iﬁhﬁé@@ ebsertjadle dioane csursf clipr ofrmlamat whenein tseidabiotabsdrbabhe  13.
The met hod of éé wher.ei n sa%d {2 access surgery is

ni cr osur g6 graderdd it inapgy Wge mherein said microsurgery is
vocal fold surgery

CF(’)iIAF ecC

10. The bio-absorbable wound closure clip of claim 1, further comprising horizontal
arms operatively connected to said arcuate body, wherein said one or more teeth
extend downward from said horizontal arms and angle toward a midline of said arcuate

body.

11. A method of closing a wound-in minimal access surgery comprising:

applying one or more bio-absorbable wound closure clips to a wound during:
minimal access surgery, and

closing said one or more bio-absorbable wound closure clips to ring-like shapes:
on said wound,

wherein upon closing said bio-absorbable wound closure clips penetrate tissue

without crushing.

12. The method of claim 11, wherein upon closing said bio-absorbable wound closure

clip has a major diameter of from about 2 mm to about 4 mm.
13. The method of claim 11, wherein said minimal access surgery is microsurgery.
14. The method of claim 13, wherein said microsurgery is vocal fold surgery.

15. The method of claim 14, wherein said bio-absorbable wound closure clip apposes

epithelial edges of said vocal fold wound and holds the vocal fold flap down.
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15. The nmet hod of claim 14, wherein said bio-absorbable wound closure clip
apposes epithelial edges of said vocal fold wound and hol ds the vocal fold
flap dowwo 20BLe99Fhe et hod of claim 14, wherein the nurberscadi2/o00211

bi o- absor babl e wound cl osure clips used is fromabout 3 to about 5. 17.
The met hod of claim 14, wherein said bio-absorbable wound closure clip
penetrates the vocal fold by less than or equal to about 1 mm 18. The
met hod of claim 11, wherein applying and cl osi ng said bi o-absorbabl e wound
closure clip requires fromabout 1 to about 3 seconds. 19. The nethod of
claim 13, wherein said mcrosurgery is closure of a tubular tissue

st ruct ur a6CconPmietHod®f akainh @@ Sihaeih ithesburpbértdf dio-astdrimbiegend gaiutd dips  20.
The met hod of claim 19, wherein said bio-absorbable wound closuré clips are
appl i ed UpeHs EQRESbLME 3 @ #8PUEPY i ptical configuration so as to connect said
first portion and said second portion of said tubular tissue structure.

21. A plurality of bio-absorbable wound closure clips disposed in a

subst ant 1l Triye @etholtof eidim CHRIHGEIR Bhitl BIb-stBbAabIewdthdBResrOdipglenatistes ecur i ng
a first portion of a tubular tissue structure to a second portion of a

t ubul ar theswngel feldydesathan argghaliip sbewislonmabl e wound closure clip within the
plurality of bio-absorbable wound closure clips conprising an arcuate body
and at least two teeth carried by the arcuate body, wherein said

bi oabsor hablrRe Weish 61 @SHI £1, WHePeiR QP IhaLAS WsinBAbid Bi6-4BdYrBEhId WosHE. 22. A
surgical instrunment conprising: a handle assenbly; a shaft assenbly; and a

r ot at abl elosyrd cligesanines/from about 1 to about 3 seconds.

19. The method of claim 13, wherein said microsurgery is closure of a tubular tissue

structure comprising at least a first portion and a second portion.

20. The method of claim 19, wherein said bio-absorbable wound closure clips are
applied in a substantially elliptical configuration so as to connect said first portion and

said second portion of said tubular tissue structure.

21. A plurality of bio-absorbable wound closure clips disposed in a substantially
elliptical configuration relative to each other and securing a first -portion of a tubular
tissue structure to a second portion of a tubular tissue structure, each bio-absorbable
wound closure clip within the plurality of bio-absorbable wound closure clips comprising
an arcuate body and at least two teeth carried by the arcuate body, wherein said bio-

absorbable wound closure clip penetrates without crushing tissue.

22. Asurgical instrument comprising:
a handle assembly;
a shaft assembly; and

a rotatable end assembly,
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wherein the rotatable end assenbly conprises arns, which do not touch upon
full closure. 23. The surgical instrunent of claim19, wherein distal ends
of said awvoroizngbarde arcuate inset portions. 24. A sur@CTaiGinsveanment
conprising forceps having cupped distal ends configured for holding an
arcuat e body of a bio-absorbable wound closure clip. 25. The surglcal
instrunment of claim 24, wherein said forceps are configured to
intentionally avoid conplete closure at the cupped distal ends. 26. A kit

for "‘Dun%hﬁ}eﬂ?‘ﬂﬁ@ 6391?5’3@ Shd'ssembly E)orﬁ@(s%?%mgf‘%/hggsorﬁ&ﬁfbugh Sk feds

configured for Ing an arcuate e woun cI osure
clip; andosure. a nunber of bi o-absorbabl e wound cl osure clips, each

bi o- absor babl e wound cl osure clip conprising an arcuate body and at | east
two teeth carried by the arcuate body.

23. The surgical instrument of claim 19, wherein distal ends of said arms include

arcuate inset portions.

24. A surgical instrument comprising forceps having cupped distal ends configured for

holding an arcuate body of a bio-absorbable wound closure clip.

25. The surgical instrument of claim 24, wherein said forceps are configured to

intentionally avoid complete closure at the cupped distal ends.

26. A kit for wound closure comprising:

forceps having cupped distal ends configured for holding an arcuate body of a
bio-absorbable wound closure clip; and

a number of bio-absorbable wound closure clips, each bio-absorbable wound
closure clip comprising an arcuate body and at least two teeth carried by the arcuate

body.
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