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APPARATUS AND METHODS FOR TENDON OR LI GAVMENT REPAI R The pr €s& bR |ication
is a contWAW$Sh-in-part of U S. Serial No. 08/928, 866, HdTresemodept enber
12, 1997, now pending, which is based on,provisional patent application
Serial No. 601026, 101, filed Septenber 13, 1996, now a

provi sional patent application 5 Serial No. 60l 043, OSGBWMW‘HM’BMW@EH | 8,
1997, now abandoned. The discl osures of each of these tions
are herein fully incorporated by reference herein. Field ofl6¢§e | nvention
The present invention generally relates to tendon or |iganent 10 repair
appar at us arRPRARAJAS %MQM%W@DTS EQRI TENDRN DR/LGAMENTEREPAIR t 0 t he
repair of severed or otherw se danaged tendons or |iganments and the
attachnment of tendons or |iganments to bone. As used herein, the terns
"tendon" and "liganent"” are used in a generally interchangeabl e manner.

Background of ~he | nveni{eopredant BspiicaRdhis o cér‘?tigmg%g_ﬁ) h-é)ainrg%?‘iﬁﬁgsg?iafhe

0!
. . nsi .
chal I engi ng and conplication prone area of sur As exa

dilenmma in fle L.epai r surge int and is to adequately
connect a s voéﬁg%/gtﬁggﬁ’ \;\ﬁ)dﬁ '&tsseé’égw%hﬂgi' H%Eét h&'OMREDFBGlYRIGhdS ¢ he hand
due to surgical intervention and repair techniques. Over the past 40 years,
there have basgganiprayisional patentsapmivarioo $eril NIedR)/2260981 biikd onl y
i nprovenents in the basic suture techniques to repair tendons. In order to

make any sulSepaenbat 181986 Moy abantbeedir indprovesiahsli pitedt SEYIRIRBA endon
one nmust first understand the conposition and structure of tendons and

| i ganmentgs. ] i ' RS i1lgdy A | Nng.from nuscl e
contracﬁson?363}/_@{]ﬂ’gp?(??ggma{g%g?grﬁhpbpgéAg%gr’%ﬁg%géﬁ(?/%%dr'f g(r:‘gs and

defl ect beneath retin culcﬁc?ﬁghchan%e the.final direct] g@“of muscl e pul | .

Tendons at t JF ORGP 8T 23 &7 PIPL ARRliGatans3redharginfully ineerrgeated t o

bone thereb% producin% j oi nt nmovenent. Liganents attach bone to bone 10 and
can flex toPXIreteienae heinnovenent of the bones that they attach, but are
strong and i nextensible so as to offer suitable resistance to applied
forces. Liganents augnent the nechanical stability of the joints. The

bi onechani cal behavi or of tendons and |iganents is viscoelastic or rate

Field of the Invention

The present invention general!y relates to tendon or ligament

10 repair apparatus and methods. More specifically, the invention relates to

the repair of severed or otherwise damaged tendons or ligaments and the
attachment of tendons or ligaments to bone. As used herein, the terms

“tendon” and “ligament” are used in a generally interchangeable manner.

Background of the Invention

15 - The repair of tendons or ligaments is a challenging and
complication prone area of surgery. As one example, the dilemma in flexor
tendon repair surgery in the hand is to adequately connect a severed tendon
without compromising the functionality of the hand due to surgical

intervention and repair techniques. Over the past 40 years, there have
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dependent, that is, their strength and stiffness increase with an increased
15 |l oading rate. Bundl es of collagen fibers enbedded in a np qﬂhng
mat ri x 8 ground substance, provide the |oad carr 0 nts of

: 18P ; ’ 9%, f‘qﬁg (
nat ur al eng%%s and |iganents. The arrangenent of the collagen“tibers is
nearly parallel in tendons, equipping tieemto w thstand high unidirectional
| oads. The |l ess parallel arrangenent of the collagen fibers in |iganents

al l ows 20 tdé%%%rﬂ?ﬁ#ﬁirldi)&ﬁeh& PGB 45iP 6 BAREItBAMIqLIBS $6 kEp it taRfRs. i N one
direction and smaller stresses in other directions. The ground substance in

bot h tendons: 'g@;ﬁ% r : i i X, hol di ng t he
col | agen firiﬁéjﬁggrt%)dget epgf'ﬁ‘rﬁgi’%ragﬁﬁ@”?l}bg?@%g'@E?ﬁs&%&:‘%ﬁr"?&unts of

wat er essential to the non-conpressive hydrgulic function of the noving
Lissue.  BVBRbERNIPn 008 TSRS SDBar SIS LOOPOSH0GaNS SBUPREP Ried i n

t he tendon conposition are elastic fibers, tenocytes, small blood vessels
and nerves.tehdongaoddigamerdscel | ul ar material (fibroblastsl occupi es about
20% t o 38% dependi ng on references, of the total tissue volune, while the

ground ssubst ance nat riehdd¢esdH Sudtain KGR teRSTRI firbes PedGitng Frod taudhout 70%
of the ground substance matrix consists of water absorbed in an open

pol ysacchar] X ] | r
connecti ng Cgﬂaﬁagﬁkh( fyPFl-gg}ééjflte%@ﬁezgR{’%élfE‘Sejggpﬁ)%?é%ﬁdap gn%s (r:{éggg a&ﬁexor
tendons, whjch are connected to the volar or pal mside of the fingers, |end
the abi it Pefi§ct geneaiierefnacy @r%h?'lﬂﬁamsf?’ﬂﬂ ipgtion ehaesclsPullendons,

whi ch are connected to the dorsal or backside of the fingers, return the
curl ed fi nderslobacittaght omuschs taabgive apddransomt t@rsilatihsds fitbn etusthe td a
restrain nost tendons in the hand to sone extent and keep themclose to the

skel etal ploane theréhaprddidingTiint Aiovetndri] dligarabitsCaasRBbnBRE®Ynedr M
rat her than bowstringing across 15 the joints. The pulley system of the

tlexond e“%%]héeJ}EﬁEQ ti:'%pl‘bb@ nfa{d}ﬁggw[ohlﬁgt i o{i}“%ﬁ& t{Hn%Q'tKa{j%’es) gﬁg&. Of ¢ hese

restraints exor tendon s ey system permt 1 éxor
tendons to maintain a, relatively const a?TI rmrregt arm and hel ps, . njnimze
Ttefizuga

stress riséf®SHongeanf inaxiensibigraaie R lpresintangs s appliatk i mport ant

functions. First, it allows smooth tendon 20 gliding or lubrication;
second, t hdorcesi nkgaments elgment itheg menhangad statilityad hthehjeirfts exldve t endons
close to the surface of the finger bones, preventing bowstringing; and

third, it pieviecksniaal beldvaseds tandevnisaind ligdnderdisVis MstBRMsticOdr fagadon
nutrition and lubrication. As the finger noves, each tendon slides a

certain di %@?gge%%r%gggﬁééggreﬁ??h aRE SR8 iRErebBE Wit dRMncreasfa 8 APR
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15 loading rate. Bundles of collagen fibers embedded in a connecting matrix,
known as ground substance, providé the foad carrying elements of natural
tendons and ligaments. The arrangement of the collagen fibers is nearly
parallel in tendons, equipping them to withstand high unidirectional loads.
The less parallel arrangement of the collagen fibers in ligaments allows

20 these structures to sustain predominant tensile stresses in one direction and
smaller stresses in other directions. The ground substaﬁce in both tendons
and ligaments acts generally as a cementing matrix holding the collagen
fibers together. The ground substance retains large amounts of water

essential to the non-compressive hydraulic function of the moving tissue.



Excursion takes place sinultaneously in the flexor and extensor tendons
during joint notion. The tendons of the agonist, or contraqfs ngrRMgF! €,

di splace in one direction. The tendons of the antagoni st or resisting
nuscl es WiOSPR2E¥E in the opposite direction to accomodat®EVHERP*Bon. 5
Today, the nobst common net hods of repai [:j’_ng torn, severed or otherw se
damaged tendons invol ve approxi mating the severed ends of the tendons and

suturing one side of the tendqn to the.other {hereby ret i t ndon
to its natuffo BGEedlR the (BAST SPMIRASIHY f"eec%lﬁlgt(ri(gg%faés’ttgégégt-%gagﬁ\e%le

Kessl er technique and slight nodifications thereof. Sone of J[O t he ot her

t echni ques blooiduerssekicamtarees. daaanerall theralfuler materrd (BPERIRYS! | ocki ng
suture, four-strand interlock and variations of the Hal sted techni que.

Ct her met hogscupias abplo 2096 ttb 38Rt depenidirej bheefenendeisn obrthartotatdisshe t endon.
Pol yester strips and sleeves along with pol yester nmesh have been used to

reinforce thg syl UL Rhs 8RE Yroirt SLBRGRCE PhatFiQ\dcdBuAtsSIdr AREGENTaRNALI62 %5
After flexor tendon repair, resistance to tendon gliding increases at the

repair site, ir,techpjigues that use an.Lnhcr ] ure

st randsg or'9 5@?%%@%@9%8 gie g[ﬁ%des‘%astté&lea %gﬁgﬁrggg?ﬁgef’?&v%gi eri al
pronote greater glide resistance. | n_CParti cul ar, adhesions formdue to the
t endon' s nasbserbeddpmmmaren golysasshayidejmatrix.t he i ngrowt h of cells and 20
vessel s from surroundi ng connective tissue. Current |iterature suggests
adhesi ons nmay constit T aypdsndfl tzmdaheexisprinties band foheosneating phalgaxr and
an. extension of the intrinsic tendon healing process to the surrounding

ti ssue. " O AERyBA0C 1o GndAphAflars FRtesiOPlsop dais, Migbn sféena h

flexibility a joining of the tendon ends w thout any foreign materi al

on the outside surface of the tendon., Physi r . eqi

i nredi at el yca?f‘%?tef’ﬁtg heuler ?rop%mea'gﬁtor}tt%gﬁ&et&g’ﬁleﬁkgﬁ%g%g’ﬂggitﬁg&frgtrt’?’ue
tendon sheath creating 5 adhesions that limt the full excursion of the

t endon1Pn i fingeretawardsotherpal. r Bxtensor tansdongphich preconectGd tANEnd t he
inmmedi ate tensile stress being applied to it during physical therapy. In a
rel axed st atersath drltmcksidecsfdbe fingees,i returasthebnurtedfingdrg Qaskdnpoand) of
constant tension. \Wen a person applies a light grip, such as by grasping a

key, about LhLemitshdiion. Bheathstart rétaagulreblralriostiten@did irethe Rahdie
tendon. A strong grip can apply over ten wounds of tensile force to a

tendon. Singe nost suture-hbas s Lr C LI iJe limt at
about 13, 2 1 P8 BRI aaRe L e CBaianne RAiSTAGheSBE MY Ui 1 ' Bna

i medi ate active notion to prevent adhesions agai nst Lhe need for 15

i mobi | i zat MeAintain @& elatively GpRstaBt FrorpeRt arEp sather than PV SIERGINPAPBPSS
repaired tendon pronotes a nore rapid increase in repair strength. For a
tendon160 the joints. The pulley system of the flexor tendon sheath in the finger is the

most highly developed of these restraints. The flexor tendon sheath pulley
system permits the flexor tendons to maintain a relatively constant moment
arm and helps minimize stress risers between tendon and sheath. This
system serves three important functions. First, it allows smooth tendon

20 gliding or lubrication; second, the retinacular reinforcing pulleys maintain the
flexor tendons close to. the surface of the finger bones, [preventing
bowstringing; and third, it provides an enclosed synovial fluid environment
for tendon nutrition and lubrication. As the finger moves, each tendon

slides a certain distance, which defines the “excursion of the tendon”.



properly rejoin, the opposed tendon ends do not have to touch but they do
need to be approximated within 1-2 mm of each other to properly reattach.
An ideal tendon repair would hold the | acerated tendons. together to begin
20 healing and tissue generation but slowy rel ease tensionggl \emigpg t he
tendon to becone the primary |oad bearing structure. Tendons will| heal at a
rate t ha¥O%28#bportional to the |oad being applied duriB{g/PHy2#E%

t herapy. Another mmjor problemis the sgftening of the damaged tendon ends,
whi ch begins shortly after the danage or injury occurs and conti nues 08
APR 2004 4 WA = f L I | ve
days. Thi X\%sxc?%{réﬁﬁﬁaﬁgéﬁ? gs! lﬁﬁﬂgﬁ%@gﬁ? ﬁg@gg&'{) ghtee%é%ﬁrpgéﬁg%lMMi ch
contributes,tpo the fornmati of a qap the repair site.during the early
phases of tEHIEENOHEAMCHGN- ?ﬂ’? gerlﬁjé’l ?evgthet%n"@aﬁé CTOBFrrﬁcé'Pgt'HBQ%IFte of
repair due to a loss of purchase by the 5 grasping portion of the suture at
t he t endon-displace in enerdirgssionThEngtensenspisiheatagapistparessiplet el y tear
out, resulting in a failure of repair. Atermfor this failure is
"rake-out".mbBekes @ikplace i tHa bppasitendieearRsots atesdmmiddate uheneoti@ndon repair
in which the end of the severed tendon has weakened and the suture tends to
pul | oy of the t endom,efthe st cithiroh hthd ety forh®Sléied N an
undesirabl e gap or tota falfure. Anot her conmon type of” suture repair
failure is of suture knot, The effectiveness. of..a suture depends on nany
factors, SLth°'g'§r‘f"f’?§ gﬂf‘ﬁ?%d FRRAAnS ANVOlvR ARPLRRIMIHNG etﬁemfgr?ntdﬁeofguture
is inserted, and knot strength. Imediately after a tendon is repaired, the
strengt h ofthettendens @pdisutdangene sideekthetgndan (o Hie pHRerdheldry t echni que.
The ideal suture knot should term nate securely, be strong, easy to handle
and i nel astrggurnimtetiseltenddnnit ies naturabpskitiodayA ipppytarenaltiteytdehaigladis

pol yester or a nonofilanment pol ypropyl ene. Using current suture techniques,

absor babl e tmtw-eaqaggé% forstelfinifle A SidHANBRIfICAtIoRY AhetedSIdsmatdrengt h

over time to resIs ppI ng rupturing. The i suture techni que
shoul d be easy to use, .mnimze interferenge wt endon vascul arity and be
conpl Q1 y TR GhARESTNIAYES Pl e BHAEE: PRLFLSIPITaL REPLAPIEIB 00
tendon. Locating the knots outside the tendon rather than within the repair
site may rdoakingisutdteyferr-strandinteripek apdevasiationgtaf thetHalsted tachpiqyer ease
the risk of adhesions and 0 8 APR 2004 WD 01/28.157 PCT/US99/2a098 _7_
i ncrease t hetHeriméthanlst flacel glosthetiepmdtesial. eiffrerswithirt er achumdattiecteingbine i s
known as "work of flexion". '
Polyester strips and sleeves along with polyester mesh have been used to
reinforce the suture/tendon interface to provide a stronger repair.
15 After flexor tendon repair, resistance to tendon gliding
increasés at the repair site. Repair techniques that use an increased number
of suture strands, or increased amounts of suture material or prosthetic
material promote greater glide resistance. In particular, adhesions form due
to the tendon’s natural response to healing, i.e., the ingrowth of cells and
20 vessels from surrounding connective tissue. Current literature suggests
adhesions may constitute an inflammatory process at the site of repair and

" an. extension of the intrinsic tendon healing process to the surrounding

tissue.



Most suture nethods enploy an internal suture with external knots distal
and proximal to the laceration or wwthin the laceration. The_5 surgeon
typically uses a continuous running external suture at.-the jgr@cﬁf%dﬁﬂif t he
repair, known as an epitendi nous suture, to approxi nate the tendon ends.
The use of the epitendinous suture increases the tensile strength of the
repair and helps to resist gapping, but. it can also increase the risk of
adhesions and is difficult to master and very tedious to execute. The 10
evol ution of tendon re ai.r mnth u tiarts. wth e, two- st rand

t echni que. Some of t c% | rgpp! H§ &5 mﬁ't@&ﬁﬂ ﬂﬂ@ Qtebﬂﬁé HithAel

Kessl er, and, Tsu e met hods. When,_ t wo- strand repairs fail, the fallure

usual |y ocdﬂtné”%g theeteesp Lndgvithad aﬁ’é(\fé’@%’b\?ﬁ?"?%t"“t‘l’?é Q4Fideal strength
of these repairs is proportional to the nunmber of suture strands that cross
the 15 repaiurfasietef theregdems Phesicalgharapy shguist bagiulsninegiatelyigitérte and even
quadrupling the nunber of strands placed across the repair site. Wth these
mul ti pl e strepaid to eénvergubs ter8onafgern Bihekieg tande Ketdohurhebav ereshiogn
significant tensile strength over the two-strand nethods but they are nore
difficubt tgineeicherthetntitatid fomerturalontsf thBaedtrSindes shedtacFRfthishe tendon
20 with nore exposed knots. These techniques focus primarily on the

| ncr eased EB@&? 8 (LEHP LHE sk B thellinh eaBtheh b, LjeLLBsRg T es! st ance

to the ten iding through the pulleys. erefore, guest “conti nues

al | ow ¢ h'edS%'e' i ttﬁdﬁf‘?'% PhiiGh PReBPr 00 B 5 fg’%gg’f el PP LI TG he 1 ow

profile APR 2 /2857 PCT/ U 99/ 2 necessary to mnimze
Dihesi ons PHACEaRAPON ALLE LRILGF I EHASHUtON 'E06 GFras VMG dgh t ne
pul I eys. Techni ques have al so been devel oped that incorporate an internal
or ext er nallight gsiPhevelE 28 BYigiesPing @ ksyr akeutythigs enfopsppusdecf teptieh 5 is the
sanme material used for aortic graft repair, is being used as an artificial
spl i nt10 Thdpeceaiserppdied ¢alths tengonmeh h@r@sg@rripsqalni arply eyeriten Jdwndsmfer nal
splint technique is acconplished by placing a horizontal slit transversely
in each tendosilestoncgtpearnde. and distal to the |aceration site. A
rectangul ar piece of polyester splint is placed into this slit on both

si des of the-tendon. SkEeSHbsy QBuRFieaskl aBnddraapdir eédrbntietrWeatild Prmithe graft
- along each tendon thereby attaching the splint to the tendon. The sutures

attach the,sphhits o '(Gh:s) SuRRSHERUbbatinké el dabice toq{l%lﬁﬁt]%meﬁ to the

interior surface of the tendon. These suture knots are then tied on the

out si de_Of iR FRUAAE Mo IR, BleyBhOGHR NI AnAR FDRLEIYNOUS sutlre | s

pl aced at the junction of the repair. As previously nentioned, the

exter n,ad knr?l“éoﬁpﬁéalnohqgrp‘?g\?&ttrnﬁture of the repair. Earlier loading of a repaired
tendon promotes a more rapid increase in repair strength. For a tendon to
properly rejoin, the opposed tendon ends do not have to touch but they do
need to be approximated within 1-2 mm of each other to properly reattach.
An ideal tendon repair would hold the lacerated tendons together to begin
20 healing end tissue generation but slowly release tension allowing the tendon
to become the primary load bearing structure. Tendons will heal at a rate
that is proportional to the load being applied during physical therapy.
Another major problem is the softening of the damaged tendon

ends, which begins shortly after the damage or injury occurs and continues



ri sk for adhesions and al so i ncrease the work of flexion. The material of
the tendon splint is inert and simlar to the suture mt@;{al bei ng used in
ot her techniques and its internal position within the su ARBE0K "t he

t endon WRIMESpronpt e tissue i ngrowth and enhance the rRGHUPIISH8. However,
the 20 large slits in the tendon ends pgght structurally danage the

i nternal blood supply of the tendon and cause tissue degeneration. In the
external sgl.i ' t .splint

Fochnt que, BRI FERER. fhe ALPCPROENERS, s S8E8AIng A38RS FB6 St r and
Savage type cpre suture on the.anterior surface of the tendon. 0 8 APR
2004 WD o1‘/"28&@?9#2#9‘%@@}19?1%@33'_Bf_h'efhg%ﬁﬁg'é%ﬁﬂq thefaymation af ag@Pangul ar
Dacron splint on the dorsal surface of the tendon across the | aceration
site and saftUheerepair site dating ithegoryaridses bf temden healing. glids betidved ’
mentioned earlier, the splint acts as a flexible tensile nenber that

prevent s timatlgapddosmf atomedsippbhgefitdie Bé Wribsg of pdréHada BAfle novement. As
with the internal nmethod, the knots are placed on the exterior surface of

t he tando t | A j i rf-ace. .This wll
i ncr ezgge t ggpggk&%ft ﬁgdffgg}éogllét%g%g@g%%é%ghu&enhnﬁt&v% m:trggfggg' t-[ﬁ‘ee %P R'NS
flexion. The internal tendon splint may add, too ch bulk to the repair
site, and YHEreRay A" F%W(B?fesfpﬁar'w%ﬂ?si‘m@r et dailyre iof repaiendoier§ti di ng.
Prelimnary work of flexion studies suggest both tendon splints increase

t he wor k oforfthisxiadurenis “rekeaut” Alakisesutsplai failutey pedecadsocated vdting used
today is a Dacron or Prolene nesh sleeve that surrounds the tendons. The
two ends ofutlifetdralteT Ripaft ineRERAStHRY éhdbABRS séverbAe RO haglwéadldndist al
openi ngs of the 15 sl eeve. The tendon ends are butted together w thout any
addi ti onal ! i Ut-yh € LSrPlac er eby
attachi ng atr}?él{% géetvuégif%ﬁt éa%ﬁglsﬁe&?l?%ﬁ gﬂﬁ‘gﬁ’%ﬁ d? he 'gﬁh@ﬁsﬂ.h%'ll%ﬁggﬂs done
on bo';& ends, of the sl eev&. .This techni qﬂiﬁ 1s 117 % stronger in tension

t han 2 corfféhgsgifs) InafouRdesirable gpe s tptal faluren Areibenicommean &ppe &fdi nous
suture on the 20 external surface. Like the aforenmentioned splint

t echni quessuturecrapair tailuessiscof asutimerkngtout si de of the body) and do not take
into account any of the in vivo (inside the body) problens that occur such

as placing a signifiTieneffestiuariess! off £Bature MipehidlonembAY Fattors, ikt t endon
and within the tendon 0 8 APR 200 WO 01/ 28. 157 PCTI US99/ 2~098 -10 sheat h.

and wi thir ! APR 200 | | 2-085 -
Aanes ons Br sERE ot BRAE thE teRAAHLE FLT WAL Ry S BB G Rebled 1E 51 <o

been used to . attach, t ends of ) )
knot strength. \?ﬁwmec(iilateciy after a tendon is repaired, the strength of the

15 repair depends almost entirely on the suture technique. The ideal suture
knot should terminate securely, be strong, easy to handle and inelastic. The
suture material used today is generally braided polyester or a monofilament
polypropylene. Using current suture techniques, absorbable suture
materials do not have enough residual tensile strength over time to resist

20 gapping and rupturing. The ideal suture technique should be easy to use,
minimize interference with tendon vascularity and be completely internal to
the tendon without increasing the bulk of the tendon. Locating the knots
outside the tendon rather than within the repair site may result in higher

ultimate tensile strength but will also increase the risk of adhesions and



a severed tendon. This type of anchor is simlar to a Dacron splint in5
concept but is usually fabricated from stainless steel OrUBiAﬁ?PMU‘ The
geonetry of the anchor also differentiates the anchor froma splint. The
anchor WQA1H5Tmy neasure 20 nmin length, 3 nmin w dPRTARS/20%n i n

t hi ckness, has a symmetrical double barbed end configuration. The anchor is
pl aced into the severed end of the tendon by making a snmall transverse 10

incision. Once th nchor .is | et . . il place a
sut ur e 1 nigeigRee fge danugh tho eRdhyfiBkE o it Rl oraFasHRERTTh khoweP T €
into a | oop thereb¥ preventing the barb from being pulled out of the
tendon. Ties twatoA! filekiobe sutured at each flat on the barb, providing two
suture | oops per tendon end. The same suture technique is performed on both
15 ends thereby re- diibstbutue nethsdy engudoy endoterngiguurepathy exteemali que
shows an increase in nmean ultimate tensile strength of 49-240% over

tradi tionglyok¥veiisthl 8Rd preRntaItd iths ldcarstie bHnatHis ahailapeestiodhiThet echni que
is relatively easy to performbut it does not address the in vivo problens

caused. by pl aci ng t.he,su t i f . Here, they
becomce15 a 2%"%%?%2‘(?'8?”%8%?%2 éé?‘?#‘?‘ngﬁ%n’gHﬁééé‘?%ﬂg' g%téﬁlg%éﬁggg‘g%tthe wor k of
flexion. This type of tendon anchor can limt notion Qr cause pajn when
posi t i onedfdihedePprif. K0RWN3S 8D PPILRNFIRCHASULYTRgE? 2PRTHERPHALNE FA%h si nce
it islong and fairly rigid. Al so, the surgeon nmust still bring the tendon
ends t ogetdiels. Whé uaessepthieadpstendirgiusadutumoinceaades ithe ttemsiler steenngth ofi sk
damagi ng the tendon ends. WO O1/28~~7 -11 0 8 APR 2004 PCT/ US991 2a098

Adhesi ves {RavgphfemdenNabyabadsisDghhsing BLER dafralsdendrdasd tHengiontr epai r .
St udi es have been conduct ed usi ng adhesi ves of the cyanoacryl ate group,

Tor e SOMOMLKIRNAT: BRI Sh Widkeor 5 Sef RIS R, bREC, Stigng adnesi ve

bond with particual ar se contalning a | arge anount
of protein, such as skin and tendon tissue, because the olynmerize in the
preselfte divajutien o andom Fepan Wg‘tho"dﬁk'feso%ttaﬁtsdf“tMEH“éﬂ'é"g'B%ndant ly present
in tendon tissue, and they do not require a solvent. They are known to be
bi odegr adaechnigalet hSompe dfthet variatioakef this tehnine are the i s unknown and
only the long chain varieties 10 are known to be mninmally toxic to human

tissue. Thessdid, iapalTUiheomeBshRs i Waten two-20dAd repaias Fail, thefaiberj unct i on
Wi th two-strand or multi-strand core suture with an epitendi nous suture.

Th dhesi ' . At
ol aced anc SV SHEE 2 Us Wif Sl SRADe ho Bty tnd ML R oA, JEC" e

were discussed in connection 15 with suture repair are,experienc wth
adhesi ve t€RAIrgoRIEs a%pmqrt.'o'sfaﬁe tde‘b’l"é‘?@' ofig ugdﬁgg?%ﬁ?qtnfgpaﬁiﬁ? hei r

potenti al non-bi odegradability within the tendon) their questionable effect
on tehGlon fepalrisitg. &his hameled t90a snendanf doubling, tripling, and even

quadrupling the number of strands placed across the repair site. With these
multiple strand techniques, Savage, Becker and Ketchum have shown
significant tensile strength over the two-strand methods but they are more
difficult to perform and add material to the outside surface of the tendon
20 with more exposed knots. These techniques focus primarily on the
increased effect on tensile strength and disregard the increased resistance
to the tendon gliding through the pulleys. Therefore, the quest continues
for the ideal suture technique having the tensile strength required to allow

the patient to start physical therapy immediately, and having the low profile



| ocal and systemc toxicity. Currently, therefore, adhesives do not provide
an adequate solution to tendon repair problems: 20 Currentl Hr@Rp28t t endon
or ligament repair techniques concentrate on increasing the tensile

strengt WoD1/28487 r epai r by addi ng nore structural conponearsudvgricage repair,
e.g., sleeves, splints, additional sutuge strands, additional knots and
adhesive. Al of these techniques trade“off between early tensile strength,
i ncreased work of flexian, an& increqﬁgd risk .0 ﬁ APR 2004 WD 01/ 2857
PCT/ US9912-NE§§852rY 216 Mz BAREIP NS IR ComrRyipraig thevabiley aiehe irgesn
debates the clinical technique, the patient may suffer froma | ess than
desi rabl e datgligecthaodghitRe onfleys. over the life of the repair. Adhesions
cause pain and limt notion of the affected joints. By increasing bulk to

the tendon, notion naEjechnifudsiidviecsist baeh efdvalipedhinat Gadbrpfdtblan N a def ect
called "trigger finger." None of these techniques have utilized the

hvsi ol . ] i .St ir. .
Ponsi e st faiest &BiRind) dobeBHELolR PLOY erodiey'§ BUOF el E%ur, wufidh

|1 fib , _Whi ch_qi it th bili to.w.thsfand hjgh t il e | oads.
The g dlind TSRS BAMELT ARl Ao d SOLBORR WAt 1P MABKID Rl BRARGTUBERlsed o

provide strength to the repair. The tendon sheath is also too weak to
provi de neaplinyf Jhess stesbasicallywiwh rmetthada @ fispdint vepaionddwe iotetpal sjitther .
Simlar problens arise when attaching tendons or |iganments to bone. That

i's, sinply teshnifLegs aBEomnpnsted BY pladiddraHorlzentallylit &raHseRpdelPin d8chSi Ng
external tendon anchor nenbers nmay not provide the necessary strength of

epal 1 A ARt Ap SRR FOSS ISR HARILANRS. NS R RS

formati on. I eva a een a pro I'C 'portion of

tendon repair surgery. Typically, the surgeon nust use a small grasping 20
tool wi th @iReIVeRIenBPlng i plscsdiinta, this 3lif pdbethiaides Bf ithe doRdpRy asp a
tendon end and pull and transfix it in an appropriate operating position.
Unf or t1éhat Suturegr aneptheg nlaced pagendiows torthergrafthalongreashttenddanages t hem
and rmakes the tissue |less able to hold the epitendi nous suture. The 0B
APR 2004 WehérbbyCatfaching P68 spftta2 tHd@B ddalEDies! sLietde ateitfsthal dgling] so form

scar tissue or adhesions which further adversely affect the repair.

fheref ore. jiehds loasitally alnéAble BRAIRSIAREL tb SHOMANRS SBAdcaRRARE! Us that

harness the intrinsic strength o ers, but

tendon. These suture knots are then tied on the outside of the tendon for
ease of placement and an epitendinous suture is placed at the junction of
15 the repair. As previously mentioned, the external knots will increase the
risk for adhesions and also increase the work of flexion. The material of the
tendon splint is inert and similar to the suture material being used in other
techniques and its internal position within the substance of the tendon
should promote tissue ingrowth and enhance the repair site. However, the
20 large slits in the tendon ends might structurally damage the internal blood
supply of the tendon and cause tissue degeneration.
In the external splint technique, also known as the dorsal
tendon splint technique, the surgeon aligns both tendon ends and places a

two-strand Savage type core suture on the anterior surface of the tendon.



5 the tendon to flex while noving through the sheath. This repair apparatus
shoul d resist any gapping or rupture during inmredi ate post 0dpaPRtZme

physi cal therapy, and reside in the interior of the tendon to reduce or
possi bl‘w enlljzgqsgate post - operative adhesions. The repai rereppsmates shoul d

al so pr BAUCE T ow work of flexion while glidi ng unhi ndered through the 10
tendon sheaths. There is generally a ne€d for tendon repair apparatus and
nmet hods that allow the patient to inmediately begin active r]ysi al therapy
wi t hout ri $kéBorgeon trmmdnjaceusepaﬁﬂaﬁgmamr‘%aqmi‘?épﬁﬁ“nP'PdtQ?r‘?@r Sé‘lrf%enati ng
the need for sutures or other repair structure on the external surfaces of
the tendongf E?e’ BEJresiteE e 8hd heetminn sieacadafutadisasitorothnanden endsn
between 15 the tendon repair and the sheath pulley. There is a further need

for rendon d 40905808, JynJ SC U R 07U aPRRE BpiiAt vEtTuat flaxsie sore of

t hese attrlrb ere1s a need for a tendon retrieval device

whi ch al so harnesses the inherent strength t i and

m ni m zes tﬁi’lﬁﬂ@é“?@bﬁhéh?te%’el"évﬁdthteetﬁ&@ ng,{gém%%gﬁjﬁgﬁﬁ r%ﬁﬁ@ | nventi on
The present invention generally provides apparatus for repairing damaged

t endong or duriggreanysmovéraentr Asu\ellthet}bﬁi'ﬂtﬂﬁﬂaméfrﬂﬁd'égéd‘rrlﬂqﬁﬁr? 89???é{m

i nvention enploy an elongate tensile nenber adapted to extend within 08

APR 2004 WO, Qhb28etdroPsdrtadeSonti-ffifionsdartdithe sulitiisactialyhen teaidon or
| i ganent ana various types of anchor structures configured for insertion

i Ehi ¢ e cRSiSh sDiaRE. (T, LT RteRts LA@GRG: adResicRRGiNe otdsientigs ar e

bot h nmovablP¥t¥ e to the elongate tensile menber at a

sel ected position. As so xanpl .thes r onpri se
hel i cal ané'miﬁés%\nﬂ?%V"éﬁbg’?aﬂ%é‘l'%chﬁﬁé'a{]eéﬂ?eleéﬂéﬁ osr?ﬁp'??'iﬂééé&?g %Wﬂg
menbers, conpressible helical anchors, anchor bodi es secured inside the
tendon wi t bukitaitles repaipsitd, cand thesexteenal 16neeR BRIINLARYCIPTeRHEWENanchor
menbers that grip tendon fibers between two crinp portions or nenbers, as

vel | agp ot herdswaliledl ableintnaryavbriusf Hekiodi stedies sL@asst bepatendgibar at us
are disclosed herein each serving to address the general needs and

dr awbacks p&ﬁﬁ&g[ﬂ%ge tthléewPFI{ ﬂf flakibnasy d6stased above. Among the various

advant ages 3 ctives o IS Invention, apparatus conprising at |east

one tendon or |iganent apchor. structure . Aol | b ihs BHhcPbRPnt €
tensile nmenber are pr‘%ﬂﬁtggﬂs‘%\'ﬁg'qgeJF?&?'?ge&%ﬁ Eﬁéeé gﬁct"ws%sraength of the
bundl es of parallel collagen fibers in tendons or ir

i amentnsd cI;‘ite al
t echni ques RrotensPoveske sleemathagsyreaunds the tendons. Hhp O 8"y repair
and elimnate the increase of bulk to the _ ]
lacerated tendons are placed in the proximal and distal openings of the
15 sleeve. The tendon ends are butted together without any additional
sutures, except that an epitendinous suture is placed thereby attaching the
sleeve to the outside surfaces of the tendons. This is done on both ends of
the sleeve. This technique is 117% stronger in tension than a conventional
two-strand core stitch technique with an epitendinous suture on the
20 external surface. Like the aforementioned splint techniques, these are
tested in vitro (outside of the body) and do not take into account any of the

in vivo (inside the body) problems that occur such as placing a significant

amount of repair material external to the tendon and within the tendon



tendon or ligament. This is acconplished while reducing externally placed
conponents that conprom se the ability of the tendon to glide L@rou h the
20 pul l eys. Through an understanding and utilization of. t he § HER204
strengt "W&r@2B4€d by t he bundl es of parallel collagen filberssoddagmsi nventors
have devel oped anchor structures that arasp these high strength fibers

W t hout constricting the blood flow to the tendon, and w t hout addi ng
external bul k additional knots. The anchor. systens qof this invention
further al I%quhe 296'“8 eA%‘é“iBf?MM“@%‘E’éP{%‘?d%ﬂFlﬁ’é@@?'é': 62 015 pat i ent
to begin i mediate active nmotion physical therapy resulting in a quicker
and st r ongefibioisdeshesions andanhinc@ase indverk efndexienso, the conbi ned anchor
structure and elongate tensile nmenber of this invention provide a tendon or

| i ganent repair that baplantéachabeinstsdizrat#so bessidsed!toasisadh thgrnedrdfent and
past repair techniques while retaining the repaired tendon or |iganent ends

|0 a Vi abl e lsgnaldd RMRioh! OTnis B8IH drtndt & Sthilal 16 PHESANe JoKER | O
conprises at | east one anchor structure coup e(? for novement a ong the

| ength of an_ el ongate tensjle nmemher. The anchor structure is _|ockable at a
desir edgl oc%?'?coer?qa Grg %Hal'%ia?'é‘?wﬂ???éf%@ﬁﬁ@‘f‘%&ﬁcﬁ?a@rf&%ﬁawmnch?des first
and second fiber gripping portions configured for insertion within the
interior of9ePMeHV Bie anchwiaiso differentiatesithg aneher &resn mesplie. dihet wo
separate conmponents of the anchor structure or nay be portions of the sane
conponent . anchaey evtith endbodiemsots 20fmihin iengemt 3 i iatwldRShdonen@fint he
fiber gripping portions is 15 novable with respect to the other to grip the

fibers ther @haliuaan habiv oAt s Houtd bl LB AEUARGRO T LG4 es are

di scl osed herein including single-piece anc ures an ~pi ece
anchor structuyres,.|n the sing]e-pi anchor structures, one portion of a
menber, such PARCH P er?@?fﬁ%'%, e'i"@°ﬁ36§5?%d?%ﬁméﬂﬂﬂ8t%ﬂpa'gg@ﬁ?&ﬁrs(?f the
menber, to grip tendon 20 fibers therebetween. |In other enbodi nents,

separ at@® pilBeBioHf Qnee hganshosts incthe eoreet derthghe susgeomwill pratd acked to
grip, engage or conpress the tendon fibers therebetween. In the nost
preferred esdtucs thnough thedendohat thé flat tsidecsf seebardcind Rhbi eHd yuttpyabl e
along the length of the elongate tensile nenber on opposite sides of a

torn, |aceriai®d 18bp ThBRY revERIRG ek bafb f o Bei! IO
PCT/ US99/ 2~098 por‘t)i on o Ftﬁﬁe t endon. '?'he anchgrggé\#"ué?t%r}t/es rréyteﬂ)ﬂgopbcked

{0 Lhe, L1 bofifs Ydddlwil'Be'sCREY A'6hdrnbd'Sn SheBAR, Srbeitihg EnBiiREre ' 5©!

loops per tendon end. The same suture technique is performed on both

15 ends thereby re-attaching the severed tendon. This repair technique shows
an increase in mean ultimate tensile strength of 49-240% over .traditional
two-strand and multi-strand suture techniques. This technique is relatively
easy to perform but it does not address the in vivo problems caused by
placing the suture knots on the outside of the tendon. Here, they become a

20 potential source of fibrous adhesions and increase the work of flexion. This
type of tendon anchor can limit motion or cause pain when positioned
directly over a joint with the finger in maximal flexion since it is long and

fairly rigid. Also, the surgeon must still bring the tendon ends together with

a separate surgical tool and, in the process, risk damaging the tendon ends.



tendon is at the proper repair position. Various nore specific enbodi nents
of the anchor structures and el ongate tensile nenbers of this invention are
5 descri bed hereinbel ow. In one enbodi ment of the inventibh APRh28hchor body
in the WO M2M5at | east one helical anchor is configure@CRBISOVHE ¢ on
within the interior of the tendon or Iiganent. At |east one retaining
menber is coupled with the elongate tensile nenber and provides a securing
structure to hold 10 e helical h ' J ithin the
interior of the tendd%é}bers'?élégg%veenﬁggﬁ]%oghgﬁgf @re;Hgéﬁag%@?gﬁg Igfga![/\llhi s type,
first and second helical anchors are proyvided with respective first and
second r et dEAFRQ rARMbe SSUEIEEMAYS pfgencwugg?cgu]s&g W@Hﬁf’t‘ﬁaﬁﬁng t he

el ongate tensile nmenber on opposite sides of a repair site. The retaining
nmenmber s nmaycyaaohciyiateugioupl Bndrercasmaeplyeknein B8 Pei@lees o TARFDW t hi s
nmovenment. Optionally, a lengthw se slot may be provided in the retaining

mermber. | n fdHesivRRbRMnE BtlongratiHdaf edbdal withbedisthohsarotissies daniewiailpn, t he
el ongate tensile nmenber may conprise a rigid, sem-rigid or flexible

menber . i ncluding £l ex] 4 St ! QUYRIAS Wb 1ekdawBsals or babl e

materias, %‘85%&%‘%{5 eéng?rﬁg %g%nggé@q?@'r rgrgaﬁ?r om vari ous bi oconpati bl e

netals, plastics, ceramcs, .et¢c. The helical anchor referygbl conprises a
[

helical |y viaeagsedhpy ReIRErES MHENSGPresanst Shvaer eadinygr & %a¥P%r  and may

be formed of bioconpatible nmetal. Optionally, the coil may be formed from
absor babl e wethesf @i art Alsundamlyapresentail tendpodinspat fbd dhewdernal s. The
retaining nmenber is preferably 0 8 APR 200 WO Q1/28: 157 PCT/ US9912: 4098

- 17 confi guiedirk® BeIvEREEITHRY akb khbratd be Ibsfeemadatde halth@agh tectiore f or
conpressing the fibers between the retaining nenber and the helical anchor.

When the heljcal,  anc [ ed | | HI® Vhariefieder s of
the tendon t(?lkepitaacpreéﬂgé?m!"?Férg%%dgtdur{rlbngdq ??1‘? %Rﬂﬁghég%inlbs ofl '? Ege{éégnchor.
When the retaining nenber .is then inseﬁt ed and af f+xe‘d vf.thj n (%]fhe hel i cal
anchor10t heargutnawa fp g migmally foxis 1g V'ﬁ’é‘”ﬁmgr RAPRIEEON e £ i ber s
agai nst inner surfaces of the helical coils. Preferably, |ocking structure
in the fornadfesived imatendongepaic ks inycorinpetion avith dyorssranthpumtistand
retaining menber to the elongate tensile nmenber at a desired position. This

10 | ocki ng g@vebaturawitiean epteAdimions Sutdiebl Yhadihesiablie praeetem tre an
integral portion of the correspondi ng retaining nenber and may, for

exanpl e, Cofganco fudIohiar FRPLENREs RblBaBH BIRAG RN afbrobdiRatedl & BldwW rember

or a separate crinp ne e retaining nenber or nembers preferably have
Separ at e st ALY @ERIGR JirererTBGachot FRL dFbyRPRA M PrlhedthiE
anchor. For exanple, the retaining structure may conprise a di ?.c rg’tr%éluous
sur f acébadaptithusttarairgpaihare experienced with adhesive techniques as wel

problems with adhesives include their potential non-biodegradability within

the tendon, their questionable effect on tendon healing, and their potential

local and systerr;ic toxicity. Currently, thereforé, adhesives do not provide

an adequate solution to tendon repair problems.

20 Current and past tendon or ligament repair techniques
concentrate on increasing the tensile strength of the repair by adding more
structural components to the repair, e.g., sleeves, splints, additional suture

strands, additional knots and adhesive. All of these techniques trade off

between early tensile strength, increased work of flexion, and increased risk




hol ding the fibers between the retaining nenber and the helical anchor. As
exanpl es, this discontinuous surface nmay be an exterior serrated surface, a
20 generally threaded surface, or another type of convoluted or

di sconti nuous surface. This surface may al so serve to pre/BrAPR B8k r et ai ni ng
menber fwomubsski ng out of the helical anchor. As anot herciesbuim®sg t he

el ongate tensile nenber and the respectjye retaining nenber or nenbers nmay
i ncl ude respective engageabl e 0 8 APR'2004 WD OL/ 2857 -18 :
~PCT/ US99/ 2. 1098 portions, such as ratchet-like portions, for holding the
retaini ng nefherdhesians aeothasinrablepysi Wil hesnjoeer debatrsathe ¢limeall e nenber .
As still another feature, at |east one of the elongate tensile nenber, the
first heli caichaiuepthapdtieht nrayt sufferfgomeariess thap desirabteooprcoseziandl an
absorbable material. During the absorption process, this will allow a

gradual trafsfsmhfsft dvePtht Giré 8Athd Pegalte ABRA4IBNSICEBsE Pai dnlimiriigal i ng. More
generally stated, at |east one conponent of the anchor systemw || be nade

from an absorbabl e matetial ,, .such as .pol yal i i r,.polygl yc te.
Thi's wli drPRRIS et aRdP T, PRaBO Ak dndFedsBha TiMieh 3R
gradual |y transferred fromthe anchor systemto the tendon during the
heal i ngb of beéurtkerdimited gadrthi ean result B dptast gaded otdgger timgerheal i ng
response of the tendon is directly proportional to the anmount of tension
bei ng applied to the Kemelohthése mchaiquesritdye utiizedttbephysiaagiche t endon
results in a stronger repair. However, the initial condition of the

repai red 15,LeRG0BfYAETeMPdn b bRSViAEE stibhdephhdie THea@nsiEetRhagtieofa ti med

rel ease of the ten5|onkbei ng Epplled to the tendon wl |l rfesult I'n g baby
ir. By. i
mator el (RE 1opal Rindraf o bedRRYTITER Pty 7 EBREGEN Posfs AR onci 1

t he conponents) conpl et e‘IX degrade and releases all the tension to the

t endon 20 rigphe abyity 80 vag %andﬁgtﬁit@?fdle lpads-ufbeddropRd substanGeols, mefde
retai ning nmenbers may include structure configured to directly engage the
hel i cal 0 anciyw pritrarily ef evater laedraanaoh bagised tbeprevideosuréragth togtheutepair. t he
hel i cal anchors after inplantation. As one exanple, this nmay include

ratchet -t ypehe tdMAdALsRERtAIE alskOPtodwdaktR pt0ide FREAMAGAA ARkt Watir e on

t he retaining menber adapted to engage the trailing end of the
holding the two tendon ends together.

Similar problems arise when attaching tendons or ligaments to
bone. That is, simply suturing the tendon or ligament to a bone anchor or
15 using external tendon anchor members may not provide the necessary
strength of repair. As further discussed above, these techniques also
promote adhesion formation.
Finally, tendon retrieval has also been a problematic portion of
tendon repair surgery. Typically, the surgeon must use a small grasping
20 tool with thin, movable jaws similar to needle-nose pliers to grasp a tendon
end and pull and transfix it in an appropriate operating position.
Unfortunately, gripping the tendon ends in this manner often damages them

and makes the tissue less able to hold the epitendinous suture. The



hel i cal anchor. The retaining nmenbers of the various enbodi ments of this
i nvention may al so have various configurations. One configurationis a 5
helical retaining nenber. In this case, the helical anchog BWARR 2008 eit her
recei ved dsldn the helical retaining nenber or may regei/vsohli@shel i cal
retaining nmenber. Either construction fornms inner and outer helical
menbers. This is hel pful because the Hé-ical nmenmbers will conpress tendon
or ligament fibers therebetween in a generally sinusoidal pattern. At 10
| east onedefnaigied tienden emdd wilk @so fietm sabr tissHrepk adkesions wideh fwithexpanded
toward the other to clanp or conpress the tendon or |igament fibers

t her ebet wagersély affeay therepaironpl i shed, for exanple, through mechani cal
spring action of the helical nmenbers during insertion or through the use of

el ectromagnetic i ”ptflhEF'efgr'J,QHE?%tfsoapneéﬂf$rhf'en|d%htr@Paﬁ;Q§@nmaﬂgs gagdetai led 15
further below, one helica f or med magnetic materi al

whi l e the other not icati i | ses of

el ect rona@ﬂ@?ria(t,“%i'é?tgg}am? t%@ﬁé’f‘?'& srjiéqqgéﬁlof%ﬁggpdw fi Esolq"gpﬁilg“bnt o the
nonmagneti c helical nenber conpressing the tendon fibers therebetween. As
anot hBr ophe tendamto Aexivhile meving thypughitbeisheatht.i bhisngpaisarpergtysmed from
a flexible suture material. In this case, the retaining nenber is adapted
to be i nsehbeld rieslse anyegdpgrikpor eupturgdoeing imniedifte fdstoperativait ure materi al
is then wapped generally helically about the retaining nmenber to hold the

tendon or | GRAPfHerbpPCard Fél@deet?\em@em@enﬁsoftm tfeheéh%%éuéélbﬁ‘ mat eri al
which is wrapped around the retaining menb is not held in 0 8 APR 2004

WO 01/ 28-t ~7 |f| o be forned
of materiBP° ﬂg&rﬁg%ﬁ%\%% %gﬁg?rlagqgtardehﬁeg% fh.gl'?lé.lhﬁa%n?%ﬁgaw ?Hegrpsfl | e menber.
I n anot her enbodi nent of the_inventi appar at us onprise first
and secondl Sﬁe‘Pm@a‘Fegﬂ\ﬁ’hWPék anféépé‘l 3[}?8 Br@@ ’P’H tggg‘\'/ﬁch % the

el ongate tensile nmenber extending therebetween. In th| s enbodi nent, the

anchdPs atenduw shedthg. bherd is geopratiyia reetl farcendos repajhappanatunaadi on of
the integral apparatus in a single direction, with the elongate tensile

‘menber di pRRA6Hs IRIECARWthBGatRAD td hﬂnmgﬁﬂb@gln%‘lﬁé%ytsw&ﬁbf@bés Wil l

cause rotation of each respective helical menber into a respective 10

tendon eng H%qhaﬁév.ﬁg Hg”f@ﬁairé é\;ea?:cf‘é?lh@mﬁle%%ﬂ?ﬁg bp)égm.ﬁam g then be

used to grl p, conpre r ot se engage the tendon ers to t e hel i cal
anchors. y?t anot her e od ment _.of .the invent %t us may
”ﬁ%

"nel ude aPRef TRLPYHITES of Qi 'fgaﬁresgm%wee o g B At FastRd Rers ot on 15

within the interior of the tendon or ganment and couplahble with the
el ongat e tengan H“%h%éﬁduqfﬂgéh%SﬁﬁP%B?%Pfeaﬁheﬁeﬁs @ﬂaﬁgcw% betwees of the
t endon or

15 the tendon repair and the sheath pulley. There is a further need for tendon-

to-bone repair techniques and apparatus with at least some of these
attributes. Finally, there is a need for a tendon retrieval device which also
harnesses the inherent strength of the tendon fibers and minimizes damage
to the retrieved tendon end.

20
Summary of the Invention

The present invention generally provides apparatus for repairing

damaged tendons or ligaments. The various repair apparatus according to

the invention employ an elongate tensile member adapted to extend within




| i gament between the coils as its coils are noved fromtheir unconpressed
state to their conpressed state. As with the other enbodi ng8tAPRo200khi s

i nvention, the apparatus preferably includes a second anchor structure in
20 t he f#ay ;mymfis7anot her helically coiled, conpressible apchaswtiiogh is al so
couplable to the elongate tensile nenber. It should also be noted that the
el ongate tensile nenber of this i nventildn may be fornmed by two or nore
separate tensile nmenbers, such as sutures, which are then tied or otherw se
directly othe interiee of hetendasor igament andiVAFgUs AKPephRPCROSIEHETUEES Uch
that a VWO O1/2857 -21 0 8 APR 2004 PCT/ US99/2~098 unitary el ongate
tensi | e negbafigused foripsertionneithinntdheahtdrimasif theoteadohamrdigeogsrithefhéo hol d
the tendon or liganment in an approxi mated repair position. In other words,

the el ongatgchENsirletUrBEass bEBY R abR! ABAg fanoak abeler thef elghdd@r ent
segnents or portions which are ultinmately secured together and 5 secured to

t he anchor _str.uc . L Jrent i r I chors,

t hese ancha?%S'%r'%e"%éTebZeé aﬁ%e#%?%tg OC(')l'Jp 'e(@%??(;&r'ﬂéoé\}gﬁg[ﬁgp'aﬁ%%qpﬁgggl ongat e
tensil e nenber and include respectjve |ocking nmenbers, pref erlﬂbl y gl i dably
coupl e® t o StivEtesiHay COMR{Se r@"ﬁéhﬁé‘%@’%ﬂﬂ"%&&ﬁ?@de'ﬂo" egtaiye tendon .
conpressi bl e anchors at desired locations on the 10 elongate tensile
menber . Thdibleoc&iangngentrmbsrsywpnipresdible het@abbachdrsr apdhasbedieap nenbers or
other structures forned integrally or separately fromthe correspondi ng

conpr essi blsgcgrelipkide e teRtah Wit sTRITES 0 ppbjechions isti¢Ards B4rbepgnal so be
slotted nenbers. In a general sense, this allows the retaining nenber to be

15 coupled to t ?lggi i it Rt Msing a

sl i ding nDtc?'gnrf}a OG%R he @g#}{éﬁ%&@@ r%@(\}vﬁ {!ﬁé&tg t?%t al ni r}'{é&)r%'ﬁbber t hat
includes an axial hole. The slot or slots further, act as ol | et
structure OORHPRRIPEMSTBLRISAAD VEFI 8S pﬁ'éer %ﬁ%’@t'%ﬁs{‘@é‘%m&@ﬁb‘?{‘ S
insertion into the helical anchor or through the use of a segar ate toot. In
anot héi0 20 ofdepair ageatatus apddisetaseddrereinsicheserying ta addressibe aangrali ng
menber may be a two-piece slotted collet structure with an interior piece

and an ext gieeds apidedrawbdohs presarted by the grive arttasrdiscugsedcabavet o t he
hel i cal anchor and the interior piece into the exterior piece, the interior

piece is configured tMnghaHRe V8FiBuS aevﬁ%t@geéta%dt@tgébh@es’rsmé and the
exterior piece is configured to WO 01/23.157 -2Z 08 APR 2004

oS oA AR MR o e 5 R PR B R e L
TEDer W aature o tginta?ign%iltﬂlca?\l elgrrml Caqgrtel?\%ilé rn?frghgrg a;'[ehero%li en 2}1
tensil e merfddicture in com g p
15 utilize the inherent strength of the bundles of parallel collagen fibers in
tendons or ligaments. Repair techniques are provided that address the
tensile component of the repair and eliminate the increase of bulk to the
tendon or ligament. This is accorﬁplished while reducing externally placed
components that compromise the ability of the tendon to glide through the
20 pulleys. Through an understanding and utilization of the inherent strength
provided by the bundles of parallel collagen fibers, the inventors have
developed anchor structures that grasp these high strength fibers without

constricting the blood flow to the tendon, and without adding external bulk

or additional knots. The anchor systems of this invention further allow the



5 between the internal retaining nmenber and the helical anchor. This wll
elimnate the need to have a | ocking feature built into tnﬁ iﬂ%@lﬂﬁ'
retaining menber in order to lock the elongate tensile ne gr e

hel i cal yamen@isy | N yet anot her enbodi nent, the tendon repaiykodape at us has
mul tiple helical anchors. In this enbodi nent, there is nore than one

hel i cal 10 anchor placed within the ted®n. The helical anchors may be
wound in opposite directions and/or intertw ned together. This

confi gur at ipeHiensthhseln iBHMedietepetiveramtiadhelysierlHberany tsaliiny par al | el
coll agen fibers. An advantage to nmultiple anchors is that the anount of
col | agen f igo@ker bhadrsyrdngep penkors repaieatithyfgweapaditasiored. Atsd, tBeanount of
coils on the helical anchor. 15 Increasing the length and the nunber of

coiI's of tRhe{ighdd BhcREICRAicturd 8l ol dHiE GBAGIR fRfEERYMhiVshaBREd
coll agen fiber. Since there are [imtations to the length of the anchor, an

addi tional _anchor of . I n. .Anat her nore
specific aﬁé?l\()'aesatt%ﬂgﬁﬁfoer%%%nﬁsr}g#%wgﬁ?f%%?S\ﬂﬁﬁq%}éé;%é%ﬁggg??ﬂ@ﬁpég% anchor
menber. In this enbodi nent, one of the fiber grippi n% portions further
conpri Ses &ban eugenbard PRk feRAl tachaIGues Ehile Befaimng the rerAitRd tandeed
within the tendon or liganent to grip the fibers. In one specific

enbodi nent ortigement epdsemievriablel rephinpesijmrosed | egs that may be def or ned
toward one another and onto the tendon fibers. The crinp 0 8 APR 200 WO

01/ 28. 157 PCT/ US99/ 2GEA8kaIyZstatad)ifb pragerituhi&®tion BEMpIRed a386attbne
def ormabl e portion configured to be crinped onto the elongate tensile

menber to r j [ r ' 0, In a

rel ated enﬁgéﬁhgﬁ%?@¥ﬁ%cgﬁgﬁgﬁggf?ﬁ%?ﬁ?ﬂF%%@8$H%?ﬁéﬁﬂkgk%ggge F?st and
second separate cri ers adapted to. 5 be crinped onto the fibers
Goneral |y RPGEGBRB o INRRIF SHE Ui daP ke AL dosteratan e st and
second cri menbers can each include a respective plurality of deformable
| egs dOnfi §oe densile mamber aor Wllkmlﬂd%dﬂﬁbagé@@ﬁéw fibsr @rippéng i r st and
second crinp nenbers to the tendon fibers. The first and second crinp

menber s campottisrihesnfigured der insepgorn within thantediopof ta tendonanfliggmeatt.t o be
crinped onto the elongate tensile nenber to retain the first and second

orinp menbet dipoing|paiicit kAgald 8 tWPSebdrlite bRBbRoRfs bhthd BAsHdre menber

As one other alternative, a separate |ocking nmenber nmay be used to retain

of the o ongueRERRdnRl EERAIEPRE cY ik BT RarBO0BRE, ' BRuARRRor ot s hetures

further conprise first_and, second anchor bodie i,th respective first and
second sec@mb@'@@m&?tj?’&mw%ee. ablagst ﬁgeﬁfrtﬁe%ewrwg PBFtiQn&iFI e,
conpri se

15 movable with respect to the other to grip the fibers therebetween. Many

different configurations of anchor structures are disclosed herein inciuding
single-piece anchor structures and multi-piece anchor structures. In the
single-piece anchor structures, one portion of a member, such as a crimp
member, is movable toward another portion 6f the member to grip tendon
20 fibers therebetween. In other embodiments, separate pieces of the anchor
structure are brought together and locked to grip, engage or compress the
tendon fibers therebetween. In the most preferred embodiments, two
anchor structures are each initially movable along the length of the elongate

tensile member on opposite sides of a torn, lacerated or otherwise damaged



proj ections extending respectively fromthe first and second anchor bodies
that retain the anchor bodies wthin the tendon or |igarmdhd APRhggpnchor 20
bodi es nay be tubul ar-shaped nenbers or nenbers havi ng vari ous ot her shapes
configured for_insertion within the tendon or |iganment. pAgrRoeLH06Y

al t er naWQRVE#S7addi ti onal securi ng structure, the anchor bodies may include
portions for receiving sutures used to-b8cure the first and second anchor
bodies within the interior of the tendon or liganent. As with the previous
0 8 APR 20Q 0,9 braBeltBhdond TRETANIBR/2ruchd@semby dienorked te tiee fibers ng
structure can, for exanple, include a crinpable or swageabl e nenber or an

integral portion of NGHOfo BRIYIRBSIERrRIE inaibiex its b vamerdre body ont o
t he el ongat"é'df"é‘ng]el ?%ggﬁber. olﬂ@nar?yeof t he enmbodi nents of this invention,

two anchor bodies are each initially.5 co r Ve BN odlrRBEtst he
el ongat e t 4ABAPB IHBHMRS PLORErTEPEY P H'°§ecg%§8§'§g%‘2@t?dv% I ockitbr?g STrUCt ur es

or nmenbers are used to | ock each anchor body to the el gﬂ%ate te% Snl%r% menber
with the tasfcive ancHargarusivrasrang alosopataitensygimembers PHHTS KV e} ' Ser
aspect, the invention provides apparatus for 10 affixing a tendon or

ligamery t qy&ypiped-hdrsinbbiow.enbodi ment, the apparatus includes an el ongate
tensil e nenber, a tendon or |iganent anchor structure constructed in

accordance wi th any qf {heedpolfthest 6£d rR@ntbn} Bhanchuebbdyim thed a bone
anchor. The el ongate tenS|Fe menber, for exanple, may be a flexible suture

adapted to extend within the . nfer] .of Nndertish Witdmad . The
bone anchorfarm egaﬁ*‘é&t\ﬁnﬁﬂ"eﬂ'ﬁaf g’ﬁ%h%égézobgﬁgfﬁpﬂeﬂberl and i s configured
to be retained within the bone, As a re specific .featur . raf erred
embodi nent iotedidn &f the tandosrer 'tg?é“?’étnggﬁ?‘?ﬂsganﬁarr‘?g?ff'mgn%ﬁ%‘rb%frrré%/ Qggﬂlaeﬁ

hel i cal anchor as generally descri bed above and may be cog&r essi b

] e, A
retai ni ng nethd slondard tahsile rhembet and afowides asEBENGF PP Y }18‘5’ al ong
the el ongate tensile nenber to hold the bone anchor, elongate tensile

menber g“d {]fé h5@lal 2MEREF té BEETiBers vkishdirewithinlone otetipyaithe tengiemet t he
bone: * e retal ning nenber and the bone anchor may include cooperating

| ocki ng portions for con | I W13 randnébdandchelieahor
t oget her w ['%a'i"ﬁB{’h TFc%{g?%h%ﬁg?&%gf%ﬁgglﬁ@Fg?Pgeﬂﬂ% °8 APR 2004 wo oi | 2sas~

-25 PCT/ USQS%CZ:ESPSBNG provided with respective first and second retaining members

each being couplable for movement along the elongate tensile member on
opposite sides of a repair site. The retaining members may each include,

15 for example, an axial hole to allow this movement. Optionally, a lengthwise
slot may be provided in the retaining member. in this. embodiment, and the
other embodiments of the invention, the elorygate tensile member may
comprise a rigid, semi-rigid or flexible member, including flexible sutures
formed from absorbable or non-absorbable materials, as well as tensile

20 members formed from various biocompatible metals, plastics, ceramics, etc.
The helical anchor preferably comprises a helically wound coil which may be
of constant or variable diameter and may be formed of biogompatible metal.
Optionally, the coil may be formed from absorbable material or other non-

absorbable biocompatible materials. The retaining member is preferably




t herebetween. Alternatively, or in addition, the retaining nenber may be
sized and configured to be received at |east partially w t0l8 APRhgag4hel i cal
anchor and a | ocking nenber, such as a crinp, may be coupled with the

el ongat v@ enzs4se nenber to hold the retai ni ng nenber at paTdeses/z4es position.
5 As with the other enbodinents of this,invention, the |ocking nenber may
be, for exanple, a deformable and sli dabfe cri np nenber either separately
formed or int E@ralC’\{; or med. wi,th. E‘he retaini n‘g m%nBer. I n azot her aspect of
the presentCOMBERTY th PeLSLENGVERIN 7 GaHEMONHRY Nelea! ashPE ot s provi ded
and operates to nove a tendon or 10 |iganent end to a desired operating
posi tion. TeMRIEssiEs herliveis|Betweeprthe sstaiming roembee apddhe helivdl i cal menber
coupled with the el ongate body and at | east one drive nechani sm coupl ed

Wi th the halnichat. Vehbethé dreliedifaahions rathtdd onalthereedenbr ifarmbet, hel i cal
menber into the tendon or |iganment and subsequent transl ational novenent of

the heli calﬁaé?@a?rméqea&ow.ﬁgsmn&%m% @thbie@avrvf@ﬁen 1 Iblg@ﬁ Qﬁgri g? s

operating position. To facilitate this function,

nounted. for__rotational .and translational novenen el ati.xe to .rhe el ongate
body. the @rshgt: YBgu;0e teehlind siomBets TREGFTLed rd oL 'Fed dain'Snban. 1 or
exanple, and is preferably flexible to allow manipul ation therein by the
surgeon. TRelisalanghos Hipuialsusiacs ofdhederaigisgdmambesicomnsessasithe
anti-rotation structure for engaging the tendon or |igament end and

pr event i ng fiberatpgeinst erercfurteses lnd thelhetiadl cisbePreferabtyedockibg t he t endon
or liganent end. As one optional anti-rotation feature, the helical nenber

may furthersyiyegliiedn thel frmPab RG8NEne UK E drRbét isNiselor Falding thé APR
2004 WO 0112857 PCT/ US99/ 2: ~098 - 26gr aspi ng bodi es each bei ng connected for
rotation a [ [ ' I 10ds al so
cont el at ot I ansaP s nb dforias el AR oL dMRS oS 3

| i gament r i.r. Arepresentative nethod 5 inyolv installing an el ongate
et 1O e baking e Bt e BhAGIPParete; WA SIRIABIa T o SO C o)
menber into the tendon or ligament. The first helical anchor is secured to
t he el ongapertiemsi tbe gorespordiRgaetaisivgdnaeibies andanawoforiexamnleen i nto the
tendon or ligament. The tendon or liganment is then noved to a repair

posi tion atcohgiide Ptefurmable @¢ Etinfgabid poritpotithidrdiainimpmeriisdrasr 4 0 t he
el ongate tensile nmenber whereupon the second helical anchor is then

securely f‘ééﬁﬁﬁﬁé’ critng ReerRbenoate tensile nmenber to hold the tendon or
i ganent in e repair position. The various tendon or |iganent anchor

structures disclosed herein may be .used for carryin ut the repair, nethods
and addi tional repair hﬁerteﬁ?fﬂg’%ﬂemtffé@&%emfa@ B%;Sﬁ'%@ﬁf F‘ﬁﬁ%ﬁssﬁﬁ i ew of
the detailed description of this invention. Various features, advantages
and oBPect Ir¢i@dnipg sthictyrg eitheropteqiatad hiesdiRer Hsed 3osRRArgtesisustne feo t hose

of ordinary skill in the art upon
gripping the tendon fibers against the helical anchor. For example, the

retaining structure may comprise a discontinuous surface adapted to aid in
holding the fibers between the retaining-member and the helical anchor. As
examples, this discontinuous surface may be an exterior serrated surface, a
20 generally threaded surface, or another type of convoluted or discontinuous
surface. This surface may also serve to prevent the retaining member from
backing out of the helical anchor.
As another feature, the elongate tensile member and the

respective retaining member or members may include respective engageable



review of the follow ng detail ed description of the prefgﬁjggp e%odi ment s,
taken in conjunction with the acconpanying draw ngs. 20 bri ption

of the Draw Fig. 1 is a perspective sectional view repair
devi ce é‘é(?;%l/’glg%g to the present invention; WO 01/ 28-t§§TEU§%/p4 1g. 2is a

side view of the suture to be used witlyg.he bone repair device according to
the present invention; Fig. 3 is a sectional view of the suture in place in

a bone o b fighal L SOrACRELAMGS SN KolBITRSAR iy hriabéy & 0. 4 15

a sectional”view'o racture one repalired with the bone repair device

according to the, present inventjon; Fig. i ional view of a first
enbodi ment B¢ désﬁg?tp(?ﬁ'tfoé‘ %8“85@8 e\’llﬁr{g{?q? ﬁ%ngﬂgen@e?rg%éz{fr devi ce of the
present invention;, Fig. 6 is a sectional view of a second enbodipent of a
button 10 to be used Af stll ﬁﬂ@t%ﬁ@a%aﬁtﬂeé@vi’ﬁ%°6fth9r?é°riﬂaé§éﬁ'i‘s'[$venti on;
Fig. 7is atap view of a third enbodi mrent of a button to be used with the
bone repai rméavit ethef firsh @ epca sechor ane ihe oetaiing. meémber anay e vi ew of a
third enbodi nrent of a button to be used with the bone repair device-of the

presentg i nvent {anyg dpafiabbofbdble Matértdl! Mdring’ tisevaBéorpiRnt protdsnipigdi ment  of
a button to be used wth the bone repair device of the present invention

bei hed - Flg. ' [ | f f; h
embodi ment o alogt & e patBeat foidleTndf iR Feptt B0 AR 1

present invention being 20 attached to a suture; Fi %Cﬂl'f%"él S %gerspecti ve
vi ew of theheaating. rMpes genrrallv stajed: AklegrboBACOMRAMNT P REed to

repair a torn or fractured neniscus; Fig. 12 is a top view of the incisions
made in a hamdernnwilhise prader framt an absenpable matenial, seehien;polyardiciagdy -2 8
0 8 APR 200 PCT/LTS99/2~098 Fig. 13 is a top view of the incisions nade in

accordance Wﬁ&ly?l@@oﬁéﬁ?eﬂhisi\&m%ﬁv@mﬁ the @psilé strelserof therahehor Bygterd4 is a
sectional view of 'a tendon being repaired in accordance with the present
i nventié)n; to be gradually transferred from the anchor system to the tendon during the
healing of the tendon repair site. As revealed previously, the healing
response of the tendon is directly proportional to the amount of tension
being applied to the tendon. In other words, more tension on the tendon
results in a stronger repair. However, the initial condition of the repaired
15 tendon does not withstand any tensile’load. Therefore, a timed release of
the tension being applied to the tendon will result in a stronger repair. By
making a key component or components from an absorbable material, the
repair apparatus slowly transfers tension to the tendon until the
component(s) completely degrade and releases all the tension to the tendon
20 repair site.
As an additional feature of the invention, the retaining
members may include structure configured to directly engage the helical

anchor to prevent the retaining members from backing out of the helical

anchors after implantation. As one example, this may include ratchet-type



5 Fig. 15 is a sectional view of a tendon being repaired using a first
enbodi nent of a button; Fig. 15A is a cross-sectional vi eﬁv of a first
enbodi ment of a button as shown in Fig. 15; Fig. 15B is. aY&r88%2Mcti onal

vi ew of wad @ese1d enbodi ment of 10 a button as shown in FGHUSIPB409E| g, 15C i s
a cross~sectional viewof a third enbog‘]i'grrent of a button as shown in Fig.
15; Fig. 15D is a cross-sectional view 8f a Fourth enbodi ment of a button
as shown in Fig. 15; 15 Fig, 16 is a sectiopal viewof. a.repai ndon
Gaing a 1| PeRCRirBSN ereding BATin AP s saed WK HeIRE L EEHt
invention; Fig. 16A is a sectional view of a revised stitching procedure in
accor dancehsilicah anlgboi.nvention of Fig. 15; Fig. 17 is a sectional view of a
repai red tendon using a second 20 enbodi nent of a button in accordance with
the present inventi ofhe rk@iniAg Mémbarssecctheonaious embofiremstscafnthienbodi ment
of a button in accordance with the present invention being swaged to a

suture; Fi B i i) ndtisAbO B AE R atiBHtiE@n i n
accordanceg‘iv\\fieﬁgph@agra‘eésa’g?l%\}f%ﬁ#siagﬁ; V\lg Ol/ 2857 3‘8&3 8l AFI'R 2004

PCT/ USQ9/ 2, 1098 Fjqg.. 18A is a sect.ional wie I i.f of a

t endon®usi R €?§§Eag'ﬁ'89éﬂ%'5'§ﬁheﬁ? &3? cgggufﬂuer @Ielfcfﬁl ?8%‘2’%"23% 't1 heFt he second

enbodi ment of the button; Fig. 18B is a sectional view of tep in repair

of a tendore@ived mythin ke balical FBtINIRG fhembes o8 MY éeqeh"ecg}?ﬁ}é%fq n with the

second enbodi nent of the button; Fig. 18Cis a sectional view of a step in

repair of getattidgmersbey Eitsecoombterdiion fosms iohetand oyiter helicebnnecti on with
the second enbodi nent of the button; 10 Fig. 1 SDis a sectional view of a

step in reﬂ?érﬁﬁ@rfs.aTﬁi%W%@I;#ﬁi hécauseaneiklieabeenmburs voill cdnspresse in _
connection wth the second enbodi nent of the present invention; Fig. 19 is

pr sent 1 nyeibar ighmeREAbbE raEAden itk efetelf sHsRaTRRhchn. (A€, |
20A is a sectional view of of a te&q’on usi ng

;91;‘ oEiﬂ%h elgfsdianenet te ipRe’ R ourer ri‘eﬂ-\‘/%he‘f%”iﬁger%?g.ngg%ielrdsorae’épe%}| onal view
of a repaired tendon using the . .
toward the other to clamp or compress the tendon or ligament fibers
therebetween. This may be accomplished, for example, through mechanical
spring action of the helical members during insertion or through the use of
electromagnetic impulse deformation. In the latter case, and as detailed
15 further below, one helical member may be formed of a magnetic material
while the other is not. Upon the appiication of one or more impulses of
electromagnetic energy, the magnetic helical member will collapse onto the
nonmagnetic helical member compressing the tendon fibers therebetween.
As another option, the helical anchor of this invention may be
20 formed from a flexible suture material. In this case, the retaining member is
adapted to be inserted into the tendon or ligament and the flexible suture
material is then wrapped generally helically about the retaining member to

hold the tendon or ligament fibers therebetween. As the flexible suture

material which is wrapped around the retaining member is not held in



fourth enbodi mrent of the present invention; 20 Fig. 21 is a sectional view
of a tendon repair device in accordance with the present pRvesi izm used in
connection with a bone anchor; 0 8 APR 200 WO 01/28-@7 -30

PCTI USO9/@m@8&7Fi g. 22 is a sectional view of a second tremdsmo/ziemai r devi ce
I n accordance with the present inventiqgn used in connection with a bone
anchor; Fig. 23A is a sectional view i14%st rati ng an alternative 5

enbodi nent of a tendon-to-bone repair apfparat us in_exploded form Fig. 23B
is a secti sigaificargieasion idrmay be prmegof mateddltaving F%e’aﬁ:?ﬁéﬁ%t us in
assenbl ed form attaching the tendon to the bone; Fig. 23Cis an enl arged
sectional wtremgtf thdretlpplangatstensilgimoemben Fig. 23B, specifically
illustrating the conpression of tendon fibers 10 within a helical anchor of

the present inventi ol afbther #bddimant @F ithenavemic\y thk appatdtas by ernative
tendon-to bone repair apparatus shown in exploded form Fig. 24Bis a

sect i onal Xé&\\ﬂé%gﬁtjs?%nﬁ%e'c::laﬂde%ﬂ@‘gl Mot ?ﬁe@%l%r LR rBiUS Wike gﬁﬁ?nbl ed

form 15 Fi S an enlarg sectiona ppar at us own in
Fig. 24B; Fig. 25A is a perspective view show ng another.alternative

t endonBt o- Bmelongigss FenslBamatmier i tenaing dBe sParween; ¢n 1issemBodimenty | onay
vi ew of anot her tendon-to-bone repair 20 apparatus; Fig. 26 is a sectional

vi ew i | | ustheaanolgonsearedialichly vedunst inaeprasitecdidestians thagsatation of
apparatus-al so including a helical anchor system according to the

i nvention; the fht8griPtRppartu¥\th @ldiddetdirectidh, RETH U9 8lc2ad98 ténglle 27 is a top
vi ew show ng incisions nade in a finger to access a tendon in accordance

wi th addit hfé?ﬁbe@agﬁsséd gtenthﬂé\fwveh%e Jdrfage® ot SederleBReMiEN/epidg] | ar to
u | e

Fig. 27, b solating t I nger to be repalired and show ng transfixation

of the t e”‘Jv‘ﬁ? cséﬁgg%g%ascion of each respective helical member into a respective

10 tendon end. Retaining members in accordance with the invention may then
be used to grip, compress or otherwise engage the tendon fiberé to the
helical anchors.

In yet another embodiment of the invention, the apparatus may
include a helically coiled, compressible anchor configured for insertion

15 within the interior of the tendon or ligament and couplable with the elongate
tensile member. This compressible anchor traps the fiber's of the tendon or
ligament between the coils as its coils are moved from their uncompressed
state to their compressed state. As with the other embodiments of this
invention, the apparatus preferably includes a second anchor structure in

20 the form of another helically coiléd, compressible anchor which is also
couplable to the elongate tensile member. It should also be noted that the
elongate tensile member of this invention may be formed by two or more
separate tensile members, such as sutures, which are then tied or otherwise

directly or indirectly affixed together during the repair procedure such that a



5 Fig. 29 is a perspective, schematic view showing initial steps in a
tendon repair procedure in accordance with the invention; Fig. 30 is an
enl arged perspective view of the distal end of the tool. shpogwaPRN2gE 9. 29,

iIIustr@,biOq?[ }sltze attachnment of a helical anchor in accof@®eywoth t he
i nventi on; b ig. 31 is a perspective view showi ng the insertion of the

helical anchor within a tendon segment-21Fig. 31 Ais a partially cross
sectioned, perspective view illustrating a nodified formof the anchor
i nsertion geiedrysdlongatenteRsts merdBess; forheliqpnngeting a4 Igast P enchor§i ew
simlar to Fig. 31, but show ng the subsequent insertion of a retaining

mermber i ntg, fhfed RNAGRA HRUEALN driiandehtiif ad fEprokmhatedirepgimpositnsect i onal
viewsimlar to Fig. 32, but showing the |ocking of the retaining nmenber to

the el Ongaf@g&%ﬁr‘é&%@é%@?gdﬁg\e F;ésrgséle%eirﬁae? n¥&F bk GBAhed it lak@nbal ong

line 34-34 sectional viewsimlar to Fig. 34, but
illustrating the | ocking portion.of the retaining e ' j d or
def or med c@gdlff‘?réﬁ‘f Seg@%BP%PRPEGM'Whfﬁ;‘zgr.e%lﬂméﬁlyﬁ%%ﬁ%b899}%6}8 ig. 35
is a perspective view of the tendon repaired in accordance with the

i nvent bon; s&tged3b the anchenlsarugddresednitbaambodiment RaMWIeYIRGI |y il lustrating

the attachnment of a tendon repair apparatus of this invention to the tendon

5 fibers; Ebgprédsible ahablopd) theswankhars alecaigmpesfeestly couptedifer, hel i cal
anchor, and retaining nmenmber in accordance with another enbodinent of the

I nvention; V%'mér?t'sbkzlir)ﬁg%g%ﬁ&{bea% it&gsﬂéi @enffer anAtinBludeITROsk dTRA loBking 10

F
hel i cal anfHO®"¢%Eh ted 1naccordance with the invention; Fig. 37Bis an
el evational view of repair rat us i ncl udi P h‘ﬁ{i f Fig.
37A and a P‘éﬁ’ﬁp?ﬁsn@’?@ﬁ%éy Sﬁﬁg@ﬁf Qa‘?‘ﬂ'?égﬁo #?)e §ﬁm§ genga s'elg{q’é%@pﬁgo‘{rpedﬁber
within a tendon in accordance wth the invention; Fig. .38 is a partially
sectioned pHapted tawhelddiierkpranssibie anchepsAAti dasieddpcations PR 1e anchor
system Fig. 39 is an enlarged partially sectioned view simlar to Fig. 38,
but i hloust eririgage téesileanedierabkhes [wicking memtiess mavabe, Ry exgmmde. in
accordance wth this enbodi nent;

formed as crimp members or other structures formed integrally or separately

from the corresponding compressible anchor.

The retaining members of this invention may also be slotted
members. In a general sense, this allows the retaining member to be
15 ~ coupled to the elongate tensile member without necessarily using a sliding

motion along the tensile member as with a retaining member that includes

an axial hole. The slot or slots may further act as a collet structure

configured to clamp onto the elongate tensile member upon insertion into

the helical anchor or through the use of a separate tool. In another

20 advantageous embodiment of a collet structure, the retaining member may
be a two-piece slotted collet structure with an interior piece and an exterior
piece. Upon insertion of the exterior piece into the helical anchor and the

interior piece into the exterior piece, the interior piece is configured to clamp

onto the elongate tensile member and the exterior piece is configured to



Fig. 40 is a schematic, sectional view show ng an alternative 20
configuration of a helical anchor; Fig. 41 is a schematic) sectional view
of another alternative helical anchor; Fig. 42 is a schenat(@)ARRQ¥koNal

vi ew of A¥@0NSTalternative helical anchor; WO 01/ 28. | ¢TAB339/04088 APR 2004
PCT/ 1 TS99/ 2~098 Fig. 43 is a partially \?&e tioned view of anot her
alternative repair apparatus connected Wthin a tendon; Fig. 44Ais a
partially sectioned view of anpther alternative repair apparatus in

accor dance WPANY P(lé‘t\"'ﬁ\/‘é‘ﬁt?%ﬁ?PB”‘fﬂ?‘?j.t°4%B“P%esé thgrftness pganst thehelcali ew
simlar to Fig. 44A, but showi ng the partial absorption of the retaining
menber of tRinchewbodi ment; Fig. 45A is a partially sectioned view show ng
anot her alternative enbodi mrent of a repair apparatus in accordance with the
invention; 10 Fig. 45B iyetanpeidriehbodifeet tieedovyew tngilk anedn®elivgil 45A,
but showi ng partial absorption of the various conponents of the apparatus;

Fig. 45Cis@ lB?fé%% lde %%ﬁ&él%ﬁ\éibﬁg{?ﬂﬁé e khoridale tdndhe P\léﬁntgeert ai ni ng

illustrating fu bsorption anchor “and 1 nterna
menber and partial .absorption, aof. the elongate,tensilge nber;, 15 Fig. 46 is
a perspécti @é‘TW'FSWtsﬁiweﬁ'aé"'t’ﬁ&a'wﬂt'i‘.‘smbg?f§99§Hﬁﬁl§§5%ﬂ'&‘? Qlon if "é’tWotg her

alternative repair apparatus enploying a conpressible helical anchor; Fig.
47A i s a peelpurateidenesy tx haye alleekingdeatare bpilt ito sheriptespalngtaining
conpressi bl e helical anchor with an integrated | ocking nenber; 20 Fig. 47B

i S a perspechémberircarder itaddclathaglonhetetdnsie meernbef td-itihe hélidalidnchor.
conpressed and | ocked condition within a tendon; Fig. 48Ais a partially

sectioned view of an @ {,gf BAbiNE? PRbRERt j ed to
retain a helical anchoryat a 08 APR 208 tv%o%f?gg%égwgggﬁ@gg/@%%

L ocki ng mendaneple S SeF R AGEBoh N ShaREs TooR fogh Pl Aied®

sectioned view simlar to Fig. 48A, but showi ng the | ocking nmenber in a
| ocked 1€ondienrBeF placed gvithigAhestendaay sihechelical anehprsiaay ke wesnddn
alternative tendon repair apparatus enpl oying conpressible, helical anchors
in opposite directions and/or intertwined together. This configuration is based
on the aforementioned method of graspi'ng parallel collagen fibers. An
advantage to muitiple anchors is that the amount of collagen fibers being
trapped is directly proportional to the amount of coils on the helical anchor.
15 Increasing the length and the number of coils of the helical anchor likewise
increases the amount of trapped collagen fiber. Since there are Iimitatipns
to the length of the anchor, an additional anchor of the same length is
placed in the tendon.
Another more specific anchor structure of this invention utilizes
20 a crimp-type anchor member. In this embodiment, one of the fiber gripping
portions further comprises at least one first deformable portion adapted to
be crimped within the tendon or ligament to grip the fibers. In one specific

embodiment, the crimp member will have opposed legs that may be

deformed toward one another and onto the tendon fibers. The crimp



accordance wth the invention; Fig. 49B is a perspective view simlar to
Fig. 49A, but show ng the apparatus fully inplanted to repair the tendon;
10 Fig. 50 is a perspective view of another alternative. enpgdéﬁ?%]

enpl oyi ng conpressi ble, helical anchors in accordance with”th énti on;
Fig. 51 WOild28Spartially sectioned view of another alterh€avisge240e8don
repair apparatus enpl oyi ng el ect ronagngé\]i’_c i npul se energy to 15 col |l apse
one helical nenber onto another and shoW ng the uncol | apsed condition; Fig.
51 Bis a partially sectjoned viewsimlJar.to Fig. 51 A hut show,ng the
col [ apsed cORAIY |'5ﬁa¥)$ u thgr @gtug[e %3? 0554 gﬁf@ﬁ%’gﬂeg%g{%eé%ﬂ%%ﬁaéﬂtb%f a

| ocki ng menber within a tendon; 20 Fig. 51 Cis a partially sectioned view
similar to ¢imgred Pnge thegeiqngaie tensilefaemhente e8tai ?%cemmemﬁr atawi ng a
solid or non-helical inner retaining nenber; Fig. 52 is a schematic,

per spect i vedasired lohatiwmdherenngrieta relatag enskodjeeat ather angrerattiueliye connect ed
to a patient's finger for generating WO 01/28.t57 -35 0 8 APR 200

PCT/ US99/ 24099 fukbef eariprie febeahd QBBaEsbFarat@ulifh menibies adaptidrest s of
Figs. 51 A and 51 B; Fig. 53A is a schematic, perspective view show ng

oot et o SLERH8 TR BBl THOR BRI JBRPLEINE SBTBLY 9 2

col | apsi bl e i cal nmenber; emati c persp Vi ew
showirig an internedj ate_step in the application of the collapsible helical
menmber wi t hﬁeﬁs'ﬁﬁg‘qfﬁh%fon?-ﬁ?i? t i‘l&f?’%? SRR ReMber Fap eaehRciyded si ni | ar
to Fig. 53B, 10 but show ng a subsequent step with the collapsible helical
menber bei rmgseettiveppkalintaf dafotrnableieds canfignretido interbbokpafearscrirapian

fi bers therebetween; Fig. 54 is another alternative enbodinent simlar to

the enbodi nerdecutellyitgsd the8Airst3dnd bedongichptrhemibleys td ks témddmebars.
expandabl e 15 helical nenber for trapping tendon fibers wth another

helical Memigy firdtidhd SEodnd @rafﬁb?ﬂ%aé.%dcm AlttNarSHCRIGRY SPe&Y {Qﬁﬁ}p}]gndon

repai r apparatus enploying a coflet structure 1 n accor ce w
inventf‘d)n; i not her coIIet-te/gretoanchor 20

struct Je sq'f?:sﬁﬂn?%ohiﬁa?&%ﬁtosgglghhvpeedvgn \gt?\fe elongate tensile mem
retain the first and second crimp members at a desired location along the
length of the tensile member. As one other alternative, a separate locking
member may be used to retain the first and second crimp members at a
desired position along the length of the elongate tensile member.

15 In another aspect, the anchor structures further comprise first
and second anchor bodies with respective first and second securing
structures. These securing structures may, for example, comprise
projections extending respect.ively from the first and second anchor bodies
that retain the anchor bodies within the tendon or ligament. The anchor

20 bodies may be tubular-shaped members or members having various other
shapes gonfigﬁred for insertion within the tendon or ligament. As another
alternative or additional securing structure, the anchor bodies may include

portions for receiving sutures used to secure the first and second anchor

bodies within the interior of the tendon or ligament. As with the previous



Fig. 57 is a partially sectioned view of the enbodi nent shown in Fig. 56,
but illustrating the assenbled condition of this enbodinent within a

t endon; WO 01/28.t57 -36 0 8 APR 2004 PCT/ US99/ 2a098 Fi g. 0 B8APR 2804

per spect woeiesesw of another alternative helical anchor apgripQésshal
retaining menber showing a ratchet structure for preventing
counter-rotation of the retaining nenmbe24-Fig. 59 is a perspective view of
anot her enbodi ment 5 er‘rﬁl oying two helical nmenbers with interl ocking or

i nt er meshi ngMegAjraents; 4t e(g@clﬂgg &Upetyeeran, ver gkanpld, inplodaer criinpebleatri ve
anchor structure enploying a flexible helical anchor w apped around a
retai ni ng nswbgeablBirgember ios am igtehl podtisst sfaan aBchof bbap/operdti@es et
curve 10 conparing a helical anchor repair apparatus of the invention

agai nst a cafueiid amchorliRh Bhtd BRAEINESEINSHE mEthBer 67 'rr%n%ygfs{h%pebt lve

vi ew of another alternative enbodi nent “of the 1nvention e I'ng two

part 4l 3”2%@??%"3&?@{ H Y**Je?a‘%ﬁoﬁ' BBy SR FrecSeane B e i n
accordapce with t (g i nvention; gg 64 | s a perspective view show ng use of
the ret?i eve@nNNRGIPd dox fno,yegwergsalo ghe G‘ESPrig@t%lt?fé?'@pfé‘Gmhﬁé apdefivst lahdst r at i ng

an alternative double 20 helix enmbodi ment useful in the tendon retrieval
devi ce of t$#oondmespective latiking sBuckires oemembers arakeseditogkldagd 66- 66 of

Fig. 65, Fig. 67 is a perspective view illustrating another alternative
anchor st r usridhoe bodyl mytnegelbn@awtmablneeraaéhw.tmﬁ@?é |9§éh&§f{t%9&t e
tensi |l e nenber; WO O1/ 28. 57 -37 8 APR 2004 PCT/ U899/2 10 Ig. 68 is a

perspective; Ye&vedt of a tooI used to apply the anchor structure
shown in Fig. 6\;%@ e;?aupggéu:t@ﬂa partially sectioned viewillustrating the

use of the tool to cr (f[ r@-\ anchor rrﬁnbers onto a . tendon and the el ongate
tensile 5 nenber; S Foureres aspees Jhanvaniien aravideraRRarptys tarong | i ne

70-70 10(]; affixing a tendon or ligament to a bone. In this embodiment, the apparatus
includes an elongate tensile member, a tendon or ligament anchor structure
constructed in accordance with any of the anchor structures of this
invention, and a bone anchor. The elongate tensile member, for example,
may be a flexible suture adapted to extend within the interior of the tendon

15 or ligament. The bone anchor is coupled with the elongate tensile member
and is configured to be retained within the bone. As a more specific feature
of the preferred embodiment of this invention, the tendon or ligament
anchor may be a helical anchor as generally described above and may be
compressible. A retaining member is adapted to be retained at a selected

20 position along the elongate tensile member. to hold the bone anchor,
elongate tensile member and helical anchor together with the tendon or
ligament against the bone: The retaining member and the bone anchor may
include cooperating locking portions for connecting the retaining member

and bone anchor together with the helical anchor held generally



Fig. 67, but illustrating the crinped or deforned condition of the crinp
menbers on the tendon tissue; Fig. 71 is a sectional view taken generally
along line 71-71 of 10 Fig. 67, but illustrating the crinped or deforned
condition of the crinp nenmbers | ocked onto the el ongate tlhdPRelfenber ;
Fig. 72 is a plan view illustrating an alternative crinp-type anchor
struct urWofEB4Yi ng a single crinp menber and el ongate t’éqg’ﬁ?%’zﬁ@ﬁber; 15
Fig. 73 is a sectional view taken generalg.y along line 73-73 of Fig. 72,

but illustrating the crinped or deformed condition of the crinp nenber onto
the tendon tis5s AnYeRsady S ORI GLIEENEE R taMIHLMen®ld fagbe74 is a

sectional view taken generally along |ine 74-74 of 20 Fig. 72, but

illustrating_the crinped or fo ondif .0 he G er onto the
el ongat e te%%?'f‘é’nﬁe?ﬂr}ﬁlg.“redﬁ%&%%&fg%}%géﬁﬁ?@%lliﬁ@éJﬁ?p@g% of the
Preferrred Enbodi ments Baone and Meni scus Repair Device 0O 8' APR 200

PCT/ US99/ 2. auatwrandsadogking mergber, ;Sugh asa s 'H@Vit@ec%tf’?%ﬁ”'ﬂé%é?ring a
fractured bone 12 is shown. The fractured bone repair device 10 has three 5
primary par tlengatd tensilblreember itgihdld theirataying meineen atia degired position: t on

16, and a second button 18. First button 16 is ideally identical to second

button &8. RReyiHitEetAEr Erlbydnbntewyf tes imaindiodr, the dkime member inagnent or
mul tifilanment. As shown nost particularly in Fig. 2, suture 14 has a first

end 10 20 apd se e | : i jigi d so
as to all ovﬁ?‘nﬁorseﬂ aﬁﬁ@et g%oeigﬁﬁf#’}%?& ‘fﬂ%ﬁ’g%%@?@%@ﬁ* 'ﬂbh%lr'lga %r,ali%lg shown
in Fig. 1. The rigid segnent 20 . s, placed in a standard driver (not shown)
which is V\/ef‘]’mk?ﬂ)ﬁh"ltﬁg%ﬁé‘ fomSF'd’l"ﬁErtsesrﬁTq"l"nﬂH“?Wgeért, nost preferably a
McroAire Wre Driver. The rigid segment 20 ideally has a sharp point 24 to
al low for 15 easier din bhothgr aspedicat theoprasgpt vestiea. prtevde@@ f or t he

filament 14 during the drilling procedure and forns a part of this
~invention. Fhameheaéthiedsl ae@utelisprowdded and opetatesitormévemtehdooalrl et 28 of
any of the well-known drilling tools. Two fornms are contenplated. The first

woul d yge ?Hégmﬁﬂlc !{eﬂa\%bl’?défi?ﬁ BpéfRingSiiiidn. Treliascergersrafty di on pl eat

such that shea buckl e as the tool noves towards the bone 12.

mat or 4l 5. SHERHERSATCROREES Beerh BRUFEoRReT SSumbn dpnhe oHRELEL U, o
fromsmal | ] ) .
body and at least one drive mechanism coupled with the helical member for
effecting rotational movement of the helical member into the tendon or
ligament and subsequent translational movement of the helical member to
15 move the tendon or I_igament to the desired operating position. To facilitate
this function, the helical member is mounted for rotational and translational
movement relative to the elongate body. The elongate body is adapted to
be inserted into a tendon sheath, for example, and is preferably flexible to
allow manipulation therein by the surgeon. The elongate body may also
20 include a distal tip with anti-rotation structure for engaging the tendon or
ligament end and preventing rotation thereof as the helical member rotates

into the tendon or ligament end. As one optional anti-rotation feature, the

helical member may further include first and second, counter-rotating helical



bone fragnents which may be di splaced through the drilling procedure. 08
APR 2004 -39 However, it nust be thin enough to allow its collapse as

drilling progresses. The nmaterial nust also have sufficient heat resistance
or a sufficiently high nelting point that it is unaffected('8o%PRt204 heat
gener at estolpy28432 drill. The sheath' 26 will extend, the datbsdbengsh of the
drilling tool fromthe collet 5 28 to fggly . protect surroundi ng tissues,
Optionally a short pinis |ocated on thé“second end 22 of the suture 14.
This pin 32 ma u hand drilling the han t her the bone 12
nust be han%i'aa\P/I té‘&é'SF eﬁﬁb b&é“%FPP"%%%?%&REHPHB %f@zﬁa'ggat'% by thénber of
factors, all of which are well-known by these of ordinary skill 10 in the
art. The fidrvemechapisaht ernately be passed through a pre-drilled hole in
the bone 12. Regardl ess of how the bonel2 is drilled the nethod of -

operation of the bonevagpas inathuds aré Blsb confemphited idRecoidindeseeRrHeend 22
is drilled froma first side 34 of a fracture 36 to a second side 38 of 15

fracture 36nve;m§n rb@tides %Hgaa%?filjﬁg%eh? ré ePOPU Pesetstive E\‘?étBBBe suture

portion 14|svv| hin the one esuture

option ne V\/mch are fr are small in
size an ar'@vﬂg’teséaﬁaﬁﬂpga?n &PPEI?%‘? ﬁ%ﬁ"&é?erf‘(?ebmﬂa?ﬁﬁe% g?'? of, liggment npst
particularly a small bone, using prior art technology, a practitioner nust
20 spend a and gavingor hirstoneliGahmasmlaeri it sheatqrgmnn@f kgament. sTTheifitet 34 and
second side 38 of fracture 36. If the suture "used is flexible, the first
si de 34 andheimabadcisordis sEBunetto tiné elomgptectarnsie ymenbgnadd o seswnidne fl exi bl e
suture.l 4 can bend at any point. Wiile it is desirable that first side 34

and second he}aP aRERor2iStrivin ﬁt't&i?hgger%ns&‘%éntal TEQQQnd%ﬁ of ﬁgﬁﬁ\tent

necessary to have as great a preC| sion and nmuch tinme can sav

suture 14 is prefera nof | ment mul.t i or, flexible
ol yrer . TriE DRNCRRLSS o BRAT Ao Ry BheCPun 19,2887 e B¢ Santficat on o
the bone but, for small bones such as_are in the hand, will fall within the

range B9 0.'elicabanchey tohtheeelongats tansile menther Uhﬁf%’rﬁ%ﬂ’te‘e?ﬂ,qqr@ Relicahgt hs

which will be needed for various bones and the tensile strengths of various
t hi cknessesarmtwrugltherk seeurehyfasteredto thalelnaggtestansileimember fo hotd tHd .
Once the suture 14 has been drilled through bone ~ 2, or passed through ~a
pre-dril | ediendbf;ori ligapdrtificheaphie pokitioh Thiw Rahene tdrldon or ligament

anchor structures disclosed herein may be used for carrying out the repair

methods and additional repair methods will become more apparent upon

15 review of the detailed description of this invention.
Various features, advantages and objectives of the invention
will become more readily apparent to those of ordinary skill in the art upon

review of the following detailed description of the preferred embodiments,

taken in conjunction with the accompanying drawings.

20 Brief Description of the Drawingsg

Fig. 1 is a perspective sectional view of the bone repair device

according to the present invention;



fromthe first side 34 of fracture 36 to. the~second side 38 of
f~acture~36. The suture 14 nmust then be secured in order to hold the first
si de 34~and secbnd side 38 together.until fracture 36 is healed. The suture
i's securgflydpsesy each side 34, 3.$ by a button 16, 18. Bgﬁﬂ}g@ﬁ ]

butt6n' 16, 18 i.s..selected fromthe sane group of possi 4@5, t he
designs are described only in reference2f/e first button 1 fi. Ho.wever, it
wi |l be understood that second button 18 nmay have a simlar design. As is
nmost clearly shown i nFig.g&is a 5idendew, oft the $ytues tobedBdeduivitbnsellforay e
preferred. Fig. 5 shows a button 16 which includes a flange 40 which
extends to espdiededich accbaiisgtd ake pfekedt ib@sitiohd, Fig. 6. shows a button 1
6 which includes a flange 42 resting on the surface 44 of bone 12. Fl anges
40, 42 serve to aid ie;distrl i t I ' h uture 14.
Each button 1 6 has aﬁ'g?rifltesré gﬁ%%&’ﬁ%’ oigﬁ\%h%éh%?ﬂi%ég yr¥ a%\f%edf/ §§57 -41
0 8 APR 2004 PCT/ U899/2.&098 contacts and .ci rcynscri bes suture 14. On the

i nner sur f alRATEE M AFCoraqiice ‘Hl}Bttgﬁsmi%e'Tts'”ﬁﬂ'é“%’P; nore notches 50, 52.
Notch 50 is formed such that it is an extension of flange 40, whereas notch
52 is fBrnmed separ at efig. df isfa aesfionsp vieme o uskrastured bon4 repaifédwiith ehand
sonmewhat soft, conpared to 5 buttons 16, a crinping tool (not shown) may be
used to prebsné newaiddgvice azcondingvo bbié peeseht iswettidmat not ches 50, 52
penetrate suture 14 and becone secured to suture 14. In this way, the

buttons 16, 18 may begpns @t ; IS¢ vk [ on 16
is shown in Figs. 7- 10@m‘lshi@sé %ﬁ%{ﬂg‘ﬁi %Oe%%tglﬂiagﬁéél g‘i‘t}hcﬁr&%@%?ﬁ“ﬁgﬂ%gﬁé . Wth

such a butt [ t,he. suture 14 . be j.ncreased, but not
decr eased. %iuégyy%gﬁgbgb%z’tnggﬁB%édﬂﬁ'&ﬁsc’fgﬂl/’eiR@@WW’FH{'HW crinpi ng tool
required. The suture 14 ideally jncludes notches or grooves 54 to aid in
the attachment of but fi8n 61l & $fctiangl wiey of assepend &F@gwéjmqrft dfcehuttpn
designed for use with bones in the hands or feet which are snaller and nore
del i cat@. Heowee sxsedtwishshebonavepsir deviceyofbreysredentningentiest i on with | arger
bones and may be particularly useful if a |arger bone is braoken into many

smal | er pieces. The dFigh@tigra @ip ViB& 6i SitAird @aEsHimeht baERitkodRE gy N Nust
be adjusted.to 20 effectively join the bone and fragnent, especially if the

bone and frageRtitef I ' sanme invention nmay
al so be used to repalferB??E?ﬂ%ﬂ'é%ﬁi%%b%ﬁ?éti’?)feh"?gmm (shown in dashed

|ines) is threaded thﬁiSPﬁqstahé?dﬁﬂa'v? orat ?rdfér%@oginﬁérgtsctaf a Ibgl(tato?'lstc} be second

si de 60
used with the bone repair device of the present invention:
15 Fig. 9 is a sectional view of the third embodiment of a button

to be used with the bone repair device of the present invention being
attached to a suture;

Fig. 10 is a sectional view of a fourth embodiment of a button
to be used with the bone repair device of the present invention being

20 attached to a suture;

Fig. 11 is a perspective view of the bone repair device of the
present invention being used to repair a torn or fractured meniscus;

Fig. 12 is a top view of the incisions made in a hand in the

prior art to repair a torn tendon;



08 APR 200 WO 01/ 2857 -42 PCT/11S99/2~098 of fracture or gear 62. Wiile a
meni scus 56 is typically referred to as being torn rather than fractured,
the word "fracture" and all forms thereof should be underst Oé’jAEQS@&I)er to
bot h bonesy@aghshsy nenisci in the context of this invention fo f
under st andi ng and vocabul ary and to avoi d confusion 5 w t BTS20t i on
(described below) which relates to the rggir of torn tendons. A first
button 16 is attached to and circunscribes suture 14 on a first side 58 of

the fracture 62 and a facdrBlishatopnield dfxhatihdicht@ hadaid a6 rihes
suture 14 on a second side 60 of fracture 62. Buttons 16'5, a?[g&?rfég%%a\&/gﬁt he

same confi gutted prasens ihVERRNORSHpabhed .. may 10 resenble the tabs 144
as described in tendon repair,. FidSS.r i%%é%gﬁhbn Repair Devi ce ancLMet hod

The met hod descri bed se .th any of, the relevant buttons in the
present invention. Thgp%r' ﬁ?}r ga? gem?%d"%/‘ﬁrﬁr%ﬁ%ﬁqqrhBe'agtfépﬁil’edalirdon is
shown in Fig. 12, and involves making a single |ong incision over 15 the

| ocati on of ??@'ﬁﬁ?ﬁewﬂaw Prgfenp irvgEsiion; nvent i on (shown in Fig. 13) uses
a device_and net hod for repairing a torn tendon through one or nore skin
incision® and two or nbige 1$niald sectiomai s'_im%fiaﬂtér{%nsl*j@ﬁ? hepattdy [}‘s.%bn%
trauma to critical tissues. This invention may be used to repalir erther a
tendon or a fiisy@mEddimEne ofel Buftbgndon” as used in the application shoul d
20 be understood to al so enconpass |liganments. As shown in Figs. 13 and 14,
a surgeon nmakes a firsg. i ARIASIO in.the skin 102 above the | ocation of
the tear 104 in the teﬁgbﬂgf‘ofg.yf;eb%lgéseﬁf)'f’@a' YIRYY of Acfirsk embasiiment vé at endon
tear 104 may, i}?ve al ready. been 0 8 APR 2004 -43 incised as. in a

| aceration. JY LR SOWMIN ElgsdSionly a smal| neatening of the incision
‘may be relevant. The surgeon then makes a .second incision 108 on the
first side 110 of the Figr $5Biinai woesrsedtiOnalMiewsol §eeboRd ShbBieEnR ofhi I d
incision 1 12 on the. second side 1 14 of the first incision. These 5

i nci si drfs 1@G0but6B,aslsHdwpriefFey.atd:y i nvol ve several transverse incisions or
short "T" or "L.'' incisions. Additional small."',"'w ndow' incisions may be
necessary to gain access ket LBV endon, end. The incisions
100, 1 O8) 1 12 may aﬁ% fﬁd\;o' ?e‘f"#’g%'??%ﬁ‘f’?%ﬁ?@n%ﬂﬂQB#""’P mentREa h down

a di stance @f,+8h° . A-needle 1 16 (Fig. 14) is then threaded with a
10 ~ core s&tuare %% séf’%g' fFe'gt igsi |l e menber 1 18. The needle 1 16. is

preferably a swaged, |arge radius, non-cutting. needle, which allows the
needl e 11 6 to penetr&t® tHe i$ I cipgsrsectionalnden A0S Faiutthcarhbodikenti dia i t -

button as shown in Fig. 15:
15 Fig. 16 is a sectional view of a repaired tendon using a first
embodiment of a button in accordance with the present invention:
Fig. 16A is a sectional view of a revised stitching procedure in
accordance with the invention of Fig. 15;
Fig. 17 is a sectional view of a repaired tendon using a second
20  embodiment of a button in accordance with the present invention;
Fig. 17A is a sectional view of a second embodiment of a
button in accordance with the present invention being swaged to a suture;

Fig. 17B is a top view of a second embodiment of a button in

accordance with the present invention:



For flexor tendons in the hand, the suture 1 ~ 8 is preferably USP size No.
1 ar No. .2 and is preferably. made of a nonofil anment of poldﬁester,
stainless 15.. steel, or polyglactin 910, or other high strdh§tAPRne00kri al .
The needle 1 16 and 'attached suture 1 18 are then insertpgr/hgggmgﬁe t endon
at 'the fW&W8#Ye 110 of the tear 104. The needle 116 and the suture 118
travel down the center 120 of the tendon2906, exiting at the second

i nci sions 10$. The surgeon then inserts needle 116 and attached suture 1 18
at 20 approximately thejgargn eeatsectida4) wéwtdfea sefindregiaiieofl@4emdornt ear 104,
The needle 1 16 and attached suture 1 18 exit the tendon 106 through the
third incision. q i - ibRAKNiIthQHe sElgnguture 118
is then. ti ng'en%eald%gga;?lé ?ﬁabt%%?ﬁgg} ?ifgt%ui?%gnﬁozﬁdg?“t he tear 104 is drawn
into abutting reldati onsgiﬁr‘) go t he second side 124 of the tear 1.04, shown
most cl ear | y €MPoditgest RRSEYEND o1/ 28. 157 ~ PCTI US99/ 2~098 - 44Fi g. 13. A
second suture 1 18 may also need to be inserted in a simlla{ fashi on, as

wi |1 becone clear fromFithel §Big awpadonal siewRfi »atePANCEEPHLSAIENE™ 18 has
been properly placed, it nust be secured in order to naintain the abutting
rel ati onghi p J3pig\&eecohd smtsidieehPaf arnitsrecioncbryiedtioh with the sesand104. A
first way of securing the suture is with a variety of buttons. A first

enbodi ment | ' itHe bLetop?i ch shows the use of a sliding anchor
bo%yn*?tﬁ@ié"ﬂx_ e'R'?o'f tHe

button or surgeon makes a stab or slit wound 128 in the tendon

106 in an area generall I I NCJ Si ] he first
side 1 10 of the first F?(%%éig%%ﬁﬁgﬁﬁgﬂgwﬁ ﬁgq%éﬂ(%d%tgiggeﬁgo%ody 126
slips onto the suture 1 18 and into,the stab wound 128 @p r the exterior
surface 129 ofsingagesondembgdiment gf ﬁgS‘ﬁH%B‘rcmﬁcéwnl‘é’é h§‘§ S&&PP? 130

whi ch serve to assist in holding sliding anchor button 126 in place in

t endon 106 ortebodimerdacidbetthidtaresi red | ocation. The burrs 130 15 are
directed such that they are facing towards the tear 104 and generally

out war dlyg from t he sut g, 148 iaadseetionel view etlactep live repais obheendonon of
sliding anchor button 126 and to distribute the axial load. In order to

proper Ty pl aGet g Sl AN AR BYL Aitutlh cdniditlont Adiroireldatobl used

which is capaLbﬁ eepi ng e exterior surface of sliding anchor button

20 126 from coning into contact v¥|.th tendon 106 prior to its correct
pl acenment . Tf?é“’t’?)%r"%?fi iR ARY® " 9% ce ot herwi se, the burrs 130 can
tear or otherw se damage the tendon 106.. Oncqe the ,séﬁ]di ng anchor %%}t on 126
is in place, the tool 18- 18 is aisestional WeY <f pARPRYT E‘?ﬂfg’rbﬁ?'f‘gr? i's
swaged to the suture 1 18 such that sliding anchor button 126 is attached
0 8 APR 200 VénBadinGerntsot tRETpreSay inveddon;45t 0 and at | east partially
circunscri bes suture 1 18. Figs. 15A-15D show a
15 Fig. 19A is a sectional view of the button of Fig. 19;
Fig. 20A is a sectional view of a step in the repair of a tendon

using a fourth embodiment of the present invention;

Fig. 20B is a sectional view of a repaired tendon using the

fourth embodiment of the present invention;

20 Fig. 21 is a sectional view of a tendon repair device _in

accordance with the present invention used in connection with a bone

anchor;



variety of possible fornms for the sliding anchor button 126 in cross
section. Each of these sliding anchor buttons 126 has a wwdth W Preferably
wi dth Wis about 2 mnm As can be seen in these Figs., thegg iPRpggsanchor
button 5 126 can be configured such that it slides onto suture 118 by being
t hr eadedyO asg28487 Fi gs. 15B- 15D, or through a side sl ot aPGIUSEP085A  Note
al so that in these enbodi nents, the bug%é_ 130 are directed radially
outwardly fromthe suture. Once the sliding anchor button 126 has been

pl aced and swaged onto syture h. i : : ,
preferably using a ccfﬁ?'i 23633 S%C(Jg@‘&?tylgpg;?%ss\%ggﬁqt}éagggﬁeﬂﬂﬁpéﬁg'.m%gA, t he
stitches used to close the stab wound 128 y_ al so penetrate to sliding
anchor but tageoigencgnyy ithothepRESARAT IYENHSN H38¢ 'Q}?@é‘nSEBOBIVY'g}? APUchor but t on
126 has been placed, a surgeon can insert a second sliding anchor button in
t he sane wapnchorit he second side 1 14 of the first incision 100 15 bel ow the
third incision 112. During the installation of the second button 126, the
abutting rel ationshi m?.etzmei@ 4 bé&ioril devi 2usaratirgesnattenialvel24 of tear
104 is assured by pre-tensioning the core suture 118 as the second button
126 is attached.. Tens] [ ; [ . tool 132 or
by mandal  ERRCOE G oo e BB el o BB E P Ly AREE toRh: 0% i

nmenti oned above. Once_a t.on has. been. i nserted on e f first. side 1 10
and second side 1 14,F'9h§g§3éﬁ<fo1°’le‘%§l9[5@§?"f“é§'m arsiool %%QF?DQ"‘ steWwinge
incisions 100, 108, 1 12 may then be closed in any fashion known in the
art. 0 8 tABRpi04tusdie asssovded fermettiasbing Ure tanden tegthelkansis' i’ s shown
in Fig. 17, In Fig. 17, tw sutures 118 are used to hold first side 122 and
second side 124 in abrijt B wedrabhlargdd gectimal visn mértheappdrathews. | n such
a case, a first suture 1 18 nust be placed to one side of the center 120 of
tendon 5 ~ SEEB NG SUHiCHIR | r86616n 09 18R@EM Eibefd de Of
t he center %%%ﬁggﬁq'e%g’ng‘?élé’o%glfyfm?%‘?gme@n%%%?%ﬁ is used, no stab wound
need be. . made.in the, tendon o ln thi di ment, once the suture is
pl aced1,0the""f‘gﬁ1 B eligAkan rs‘ffiltg% %rﬁf’%&ts'hteﬁ'r?@@@w until they reach the
exterior surface 129. The suture 118 may tie placed under, r'eagt’er t ensi on
by 10 pushi ng tab butFign24#8is & sestional VW] "‘ﬁ’!"ég@' Eﬁﬁ@aﬁ'?'gstgﬁ QXN t he
exterior surface 129 of tendon 106. Once the tab buttons 136 have been
appropri at ehoneteqrdapparayusaskeowwigeckplodedt fomyed to suture 1 18 such that
.they are "attached to and circunscribe at |least a part .of suture 118, as

shown nost clearly inrjgl @4B k7 \sedtiortal YW ishBilao Fid R4 AT pdtestadwing as 15
shown in Fig. 17B, the tab button 136 has a circul ar, shape, and includes a

central porﬁ?g??fg%%'é&gﬁ‘o?s%ﬂé&%?éﬁ# ange 144. The central portion 142 and

fl ange 144 al lows tab button 136 to be easily
Gt ondsSradial |y out nEieGRGo!s Thentsiony Bostata bl ol Rt e
20 17. The tab button 136 may include burrs 148 which extend generally
in Fig. 24B;
Fig. 25A is a perspective view showing another alternative
tendon-to-bone repair apparatus in exploded form;
Fig. 25B is a sectional view of another tendon-to-bone repair
20 apparatus;
Fig. 26 is a sectional view illustrating yet another alternative

tendon-to-bone repair apparatus.also including a helical anchor system

according to the invention;




outwardly fromthe suture 1 18 and serve to keep the tab buttons 136 in

pl ace and distribute the axial |oad Once the first tab butg(gnAﬁ@Qdeas been
pl aced, a second, third, and fourth tab button 136 nay be simlarly placed
usi ng a sonimiset hod for each suture 1 18. WO 01/ 28. pETUIBR4WPR 200
PCT/ US99/2.t098 -47 The tab button 136 y also be used with a different
enbodi ment of the suture, as shown in Fi'gs. 18A-18D. In this enbodinent, a
split and nonofilament 150 is used.. The split .end sutuyre 150 is_jnserted
in the center 120 of fig-s#7 & aé032’29"6f5h9¥‘ﬁ8%r'\n°1'6'€p5a{ga@%@v\ﬂ g\ggité he
direction of the arrowin Fig. 18A. The split end suture 150 has a first
end 152. Thactessa tendorl §pactorsignre weithy additional asreats odithedrentifne a fir st
part 154 and a second part 156. Wien split end suture 150 is inserted into
tendon 106a the first Fraras 164 tapdiowsimiaptr Figl2y, dne isolating nbel fiigehi n a
cap 158 to retain first part 154 and second part 156 10 together. Cap 158
has a sharp (g1t E3Rub8 ol SHEWRR dhatkibareAns! ihal nlsRdeanidiis; Alter the

split end suture and cap 158 reach an appropriate depth) the split end
suture 150 is withdrawn in.the direction : 0 F 18B.
The spli% end suture \f'n&) ?%'Wt%&?%ﬁﬁﬁwgnFgﬁ?'ﬁgﬁﬁgé\g\g@%}q@Hg'?lgg%&f§8. The
split end suture 150 is then pushed in an 15 inward direction as noted by
t he arrow i nn i gndegrerdin@Roeedlre in accerdanse Wit thenyetigened, the first
part 154 and second part 156 split apart and eventual |y break the exterior
surface 138 of tendon FIf630 As Bnfertargad persadetivatyient efotheidistal eadiafethe
attached to the first part 154 and second part 156, respectively, such that

fifth and sigbhsh@RnhHIMi@N39 1 #0stating Ahabtrehathnt ofantelidal laaakor pparti al |y
circunscribe the first part 154 and second part 156, respectively. The sane

operati on woul %RF' end (not shown) of the split end suture
150, which iasccgﬁ S éeyn\fv:ﬂglﬁth%q{‘ﬁgﬁ@% as the first end 152 of split end

suture 150. The second.end woul d sinmply he jnserted.in d side
124 of Y@ar 104. Q her '%ﬂ%i'ﬂér%‘%%%@' Yign ShQvig e %‘88&8@ A as7

PCT/ US99/ 2-t098 48 would be relevant are that the split end suture 150
shoul d i deal helicebanchasrwighinsadandemsedrapptiof it extends into each of first
side 122 and second side 124, and the first side 122 and second side 124
must be held in an abwRigi BYArielaapaniaificpossssedthmned; perspecitive Mieigt h of t he
split end suture 150 5 should be wthin the tendon 106. The tab buttons 136

used wi th thg, sphiidg 8MHodiffedr Rrioék fHeCaridhdr $MeBR1I8A tbbIsoWR N IFlgse@Far | i er
and may i ncl uHe _

31;
15 Fig. 32 is a perspective view similar to Fig. 31, but showing
the subsequent insertion of a retaining member into the tendon segment;
Fig. 33 is a partially fragmented sectional view similar to Fig.
32, but showing the locking ofithe retaining member to the elongate tensile

member;
20 Fig. 34 is a sectional view taken along line 34-34 of Fig. 33;
Fig. 34A is a sectional view similar to Fig. 34, but illustrating

the locking portion of the retaining member in a crimped or deformed

condition;




flanges 144 or burrs 148. Turning now to Fig. 19, a third enbodi nent of
buttons is shown. The transverse button 162 is again used 8nARRopggy/nct i on
with two 10 sutures 1 18, inserted as described above. The transverse
button 16®o @sgsshown in Fig. 19A, is attached to an partip%lfnysgglajoggrrscri bes
a first suture 118 and is swaged or crinped onto the first suture 18 with
a swagi ng tool, such as tool 140. AnotheB2transverse button 162 is attached
to and partially circunmscribes a second suture 1 18 and i s swaged or
crinped onto 15 the sekign@Ssistaiperspastive viewaot weeytergionompairsddf as t ool

140. In this enbodi nent, the transverse buttons 162 are attached to each

ot her by a tgiRsgantdWitthdithviehtioa64. Attached to one of the transverse
buttons 162 is the male portion 166 of the pin 164, and attached to the

ot her transverse butt 162 .S Dot .the .nin 164. The
mal e 20 portion 166 a(rjlﬂgt §(§ '% Zar'r"a eaﬁ%:drf%egﬁ'g%‘8"'%?’5%3%’&%%%3\/\@?&a%%%h

ot her through tendaon 106. \Wen nale portion 166 and fenmal e portion 168
reach each otWettta¢hagnt af EI"Féf‘d%rr‘u(ﬁe'?ﬁbRﬁ’pacrﬁ%-’rse‘[’)fytrﬁ%lﬁﬁ’leﬁ'@m@ﬁé’Wﬁﬁeﬁéc’"
transverse buttons 162 to be attached to the other transverse button 162.

0 a APR 2004fibgmspil/ 28. 157 PCT/ US9912. 1098 -49 The second net hod of securing
the suture, instead of using buttons, is by using the suture itself.

Turning to Figs. 20A afig. 308s a plansuéwred ah/flohgsteldpsil® andrabdr helivhi ch
serve to secure the suture 170 and distribute the axial | oad. VWen the

barbed sut urgsnbfOaAd PetaifiRg rismbal f Rodo?dsie M’ﬁ% %;HSF@HH&%@RPMF, the
sutures nust be conpletely Surrounded by a cannula 174 or other protective
devi ce which S%Vgri é , keep barbs 172 from becone attached to tendon 106
prior to protf)"gr ?5 Y nt. Once suture 170 is properly placed, as shown in
Fig. 20A, cannula 174 %s rgrm,ved in any standard way. The barbs 172 wi ||
then keep the suture 1091334 i§ Hparseeative kiewpof apathesiegabadiment ®f scond
side 124 of tear 104 in abutting relationship. An alternative installation
process! Qmy hrlicakadchor ednssryatecin accordhrce withsthegingestiony e has a needl e on
each end. In which case the needles enter the central wound openi ng and

each penetrates the 15ige8gBedd apnéledtidnatviedw dePepdingpparatiepelffingovi ng in
opposite directions to exit at one of the w ndow openi ngs spaced fromthe

vound. AT t ergafdticaPealiford Fig. BIA il Hirtaliing ALNEBCChARY difGehGRdpn ends

are drawn toget y the stricture and procedur step escrl ove.
Devi ce for churi ngt a .','orn T ndontgto a B#)Pne. 20 Thi,s invention relates to
the use of & BUEFEACRSHYLERTPPY YR, dendPninarearddnrawtth thadnyeAtiBBne
anchor in order to secure_a tendon to a bone. Turning first to Fig. 21, a
systemis shown for athiacBBrig apastaly sectianed rlan sigw showing gmether 202. A
bone anchor 204 is installed in a

15 embodiment of a helical anchor system;

Fig. 39 is an enlarged partially sectioned view similar to Fig.
38, but illustrating the partial absorption of the retaining member in
accordance with this embodiment;

Fig. 40 is a schematic, sectional view showing an alternative

20 configuration of a helical anchor;

Fig. 41 is a schematic, sectional view of another alternative
helical anchor;

Fig. 42 is a schematic, sectional view of another alternative

helical anchor;



0 8 APR 200 wo oii 2s.~s~ -50 PCT/US99/2-4098 hole 205 in the bone 200. Any
of the standard bone anchors known in the art are suitable, azﬁkon as they
are capabl e of being attached to a flexible suture 206.. As 0h Zﬂﬁ Fig.

21, a sl iy pgrsaschor button 208 is attached to the fl exi BCBUSW 2498 206 and
at least partially circunscribes the fl 5§| ble 5 suture 206: The sliding
anchor button shown in connection w th thé bone anchor 204 is inserted as

was described earlier in connection with the tendgn repair s under the
surface 210 of the tefi@rfr2ina p?[HE?rI‘inﬁfcﬁ'B\';\‘/egd”ﬁvgq W,E{Rglr g'é%g?%yggrrbodi ment

of the tendon bone anchor is disclosed. This enbodiment is nost preferably
used when 1Gepiie appadans ltasnected|vuithingd YenddiMm cr oss-secti on, such as for
exterior tendons and nost |iganents. Again, bone anchor 204 is installed in
a hole 205 in the bongig0f4aAew srtibihesedtiordalr vetootanotbieoritekmaiiMe i n t he
art are suitable, as long as they are capable of being attached to a

fl exi bl suture, 208, A3 AbLARAR: Ut I idvatishe suture 206 i's a tab

button 212, I'ncludes barbs 214 extending generally parallel with

flexible suture 206 a radial Ly outward . on fl . t 212 is
attached®to suture 20 '%sg%és gerapal eﬁecélz?g\?g \gggﬁs'ﬁﬁgit?ﬁ)&bﬁ?%bﬁn 12 is
attached to and at |least partially circunscyibes suturef éOG. An(%\L hert,
enbodi ment afhaavingribierpartabahrerpidi et the fRipKing MRERPeY o Tig FRRPINeR s,

23A-23C. In this enbodi nent) apparatus 250 includes an elongate tensile

nmenber 252 connected afigoABAcinc partinlha sbetienesheiews shewingaepthes by a knot
or other stop nenber 252a. Bane anchor 254 nay be a conventional bone

anchor conf i gugrRgi{@ eriddhneAEBE aWepdit Bpparacus ir256cordppes atitstiB0 f urt her
i ncludes a helical, conpressible anchor 258 WO 01/2857 -51 0 8 APR 2004

whi ch has been rqt ted.into a tendon or |iganment 260. A retaining nmenber
262, which n'ﬂ)‘/egﬁ y conprise a small button in this enbodi nent, receives

el ongate tensile nenber, 2 which .npy be.a str.o re,e:an | i.des down
onto teh@on 260 as shoé\ﬁ' ?‘ﬁBr—‘F‘j‘. p%gﬁyﬂe?t&qﬁ%ém%ﬁ%ﬁ# t§ ﬁll\ﬁi gﬁiﬁggﬁbe a
crinp nmenber 264 receives elongate tensile nmenber 252 gngl sl ides down on
top of ret ai showingeparaial absoratien ©f theyaripus SOMAWVIEALS Oh N APRRBEIYSInd | ocked
onto elongate tensile menber 252 to hol d apparatus 250 together with a
portion of tendon 260 Rigl 450 isrd partighy ssctiber vieve sinilar to Fig. 458, but
illustrating full absorption of the helical anchor and internal retaining
member and partial absorption of the elongate tensile member;
15 Fig. 46 is a perspective view showing the partially assembled
condition of another alternative repair apparatus employing a compressible
helical anchor;
Fig. 47A is a perspective view of an alternative apparatus
employing a compressible helical anchor with an integrated locking member;
20 Fig. 47B is a perspective view il[ustrating the embodiment of
Fig. 47A in a compressed and locked condition within a tendon;

Fig. 48A is a partially sec_tioned view of an alternative

embodiment for a locking member used to retain a helical anchor at a



254. As further detailed in Fig. 23C, the conpressible, helical anchor 258,
10 which nmay have the tapered configuration as shown or other
configurations as detailed herein, traps fiber 266 of tend i
general | ysinysei d pattern betmeen respective coils of a %ggé‘ knother
enbodi nment of a tendon to bone repair apparatus 270 is s |gs

24A- 24C. Apparatus 270 al so conpri ses a@B4el ongate 15 tenS|Ie menber 272
connected with a bone anchor 274 again by way of a suitable stop, knot or
ot her met hodeleBtatpeasicibaral@dgl the efongatl yersie uneshbet bAtd shawiegehd76. A
hel i cal anchor 278 is rotated into a tendon or liganent 280 and is

conpr essi bl ﬁmkH’q inPArENdRYEbRTReMARAL . however, anchor 278 is
i nserted generally W|t its axis in |Ine vvlfh t he 20 Iength of tendon or

| i gament 280 and ancher 278, 1S conpressi enerall |t engt h, as
Shown 1 Fig. 24 el Fa 15 REMRIsReRed Shoe Yintal LB deth o o
tensil e nenber 272 and conpressed onto tendon 280, agai nst bone anchor 274,
this will cé'h%‘ﬁ’tf!ﬂsﬂl'\%lqc(',‘mgW'Qﬂopheﬁcgﬂéémd manner as shown. A

| ocki ng menber 284, which again may be a 0 8 . APR 2004 -52 crinp nenber

i ntegrab or separate Fgpoi9&isa rpiersyermﬁnbenie\ﬂaﬂ)owmmdmhed alterdatime el ongat e
tensil e . menber against retaining nenber 282 to hold apparatus 270 in the

posi ti on shesMyonrdpatt apifPatudSerfip@Yihdg CormpeessAAE; hat&mga&ﬁoﬁsQHSl l'e menber
272 extends through the center of helical anchor 278 generally along the

| engt hwi se one end to the' ot her, al though the
hel i cal anc %ﬁr?gb@?r@gﬁ{(@m@ﬂ%\kﬁ{’t ‘the coils, of anchor 274 in other
manners as well. Fibers %’89% of tendon 280 wi IL xt end. bet the coils of
anchor 274 in a generé'lgl V8 {51 BREFRACTYE VigW SiRilar tq Figy4? r%ﬁp"?"?ﬂj‘"&ﬁchor
274 within tendon or glarrpnt 280; 10 Anot her enbodiment 290 is shown in
Fig. 25A Aﬂmamargttzsam boimplagied terrephisithattendensi | e nenber 292 suitabl e
connected to a bone anchor 294 by way of a knot or stop nenber 292a or

anot henQOnet hod. Appar Bigu$®B80a perspeetive vidw dé anothed alcethatinghor 298, whi ch
again is preferably conpressible and recei ved on el ongate tensile nenber
292. 15~ A eﬁx%bﬂirﬂéﬁﬂeﬁ@laﬂﬁ%%Q%dréss%l%ohbﬁé‘a@'a‘(‘féﬂo%lr\eéé&ﬂ%ﬁcé Qe | e
menber 292 as shown in Fig. Locki ng members', in the form of

proj ections 2943 %géb 294c, . are di sposed on bone anchor 294 and regi ster
in receivi n PQ 2a, 302b, 302c within retaining nmenber 302. Apparatus
290 is used in a. manper simlar to apparatus 2,5Q shown in Figs. 23A-23C,
except 20 ~ that af t eFign&liA 19 2 RARHRYY sessiongd %%WWfr@!%PEHaF?W‘@“é{etendon
retai ning menber 302 is pushed or rotated sinultaneously with helical
anchor 298 tendumctepair2gparatusteraglogingt electrosiagnetjc implbre 8Btgy and | ocked
onto bone anchor 294 through the receipt of projections 294 a, 294b, 294c
vv; t Ei In_1‘:'>h|e EIRIpRet drvehélicll nétBar o2 oth8rand BhewiAgahk iupdoRdpkadet ai nnent
of helica

condition;

Fig. 51B is a partially sectioned view similar to Fig. 51A, but
showing the collapsed conditionrof the outer helical member and the
attachment of a locking member within a tendon;

20 _ Fig. 51C is a partially sectioned view similar to Fig. 51B, but
illustrating an alternative embodiment having a solid or non-helical inner
rétaining member;

Fig. 52 is a schematic, perspective view showing a magnetic

impulse generator operatively connected to a patient’s finger for generating



0 8 APR 200 WD 01/28.t57 PCT/US99/2~098 -53 anchor 298 within a tendon or
| i gament nay advant ageously occur in a single surgical step if helical
anchor 298 is connected for rotation with retaining nenber ApR! ,'t hi s
case, for exanple, rotation of retaining nenber 302 can sinultaneously
rotate H¥P%A#45anchor 298 into a tendon or 5 |iganent ad§FVEERHME assenbly
onto bone anchor 294. Another enbodi menggof a tendon to bone repair
apparatus 310 is shown in Fig. 25B. In apparatus 310, an elongate tensile
menber 312 j [ ' : [ t hod,
such as a k{#%t%g?ggé%g&%aﬁﬁ%ﬁé @ﬁml@gﬁl@éﬁrﬁe ;9 dﬁ?’??%&ﬁygﬁéﬁq?sg%{/ma
threading 10 _action within a bone 316. A helical anchor 318 is received on
el ongat e tendPl e menber 312 and is adapted to be rotated into a tendon 320.
Hel i cal anchor 318 is connected to a retaining nenper 322 in this

embodi ment ei t her thridagh34 isetpeheroatic.operspeeiirarieypshewinganoler ocki ng
menber 324, which again nay conprise a crinp nenber, is integrally 15
formed w t halkerhatink Renbhinent 322 tendbhirepair epaaituy emgitbyidgreensllapisiblé t s
attached configuration, apparatus 310 is very simlar to apparatus 250
shown ig Fi Héica?ﬁ‘?ﬁr%&;""ith hel i cal anchor 318 being trapped w thin tendon
320 and fibers thereof being generally sinusoidally trapped between the
coils of anchor 318. t.her rRat | ; L I apparat us
330 is shown in Fig. %g é?%p'g%a?%ié@éﬁé})h}c/ﬁ%ﬁégggg&@%@ﬁ&{ gaétnrensi | e menber
332 connected in a suitahle rigid nmanner to bpgne.anchor 334 such at it
may be pl ac'@(ﬂeﬁ”h‘%@ateempdﬂ.tthf‘??Qﬂﬁﬂ%%PfééﬁCP@a%ﬁj@Pﬁ‘ej‘FPﬁwgﬂ'ﬁ% ch{IE'Iny
within a bone 33f. A helical anchor 338 is rotated into a tendon or

| i gament 34thd tendod8 APR 2004 WO O1/ 28. 157 PCTI US99i 2: 1098 -54a nmanner
simlar to the enbodi ment, for exanple, of Figs. 23A-23C. In this

enbodi nent, however) Eigl 6B3@ i3 agchEnbec pdrsheactiverisivcsithitboto &ig. | EEBt
partial insertion within anchor 338 as shown in the assenbl ed condition of

artial ins _ she : | tion
Fi g ?g3g_ b%@ reimﬁséeﬁgﬁe%@&mﬁe@auass*m@rhem_& Aathidtdimy | s of 5

anchor I'ni ng IS securely received w thin anchor

, | ocki nb whi ch be | f
"ot ai ni ng. nERREReaAo; otnthalnel Mg EtoRtasstelaR AL LT

retai ning nmenber 342 and crinped onto tensile nmenber 332. It should be
appr eci at edthefabgtvaeeliough the el ongate tensile menbers of the 10
enbodi nents shown in Figs. 23A-26 are flexible sutures, these may also be
nmore rigid tensile neRigeSd, issarcthesaltenmative embhdioenbissodarptetthel e netal s or
they may alternatively be forned of absorbable materials. One or
embodiment of Figs. 53A-63C, but schematically illustrating an expandable
15 helical member for trapping tendon fibers with another helical member;
Fig. 55 is a fragmented plan view showing another tendon
repair apparatus employing a collet structure in accordance with the
invention;
Fig. 56 is a perspective view of another collet-type anchor
20 structure shown in exploded form;
Fig. 67 is a partially sectioned view of the embodiment shown

in Fig. 56, but illustrating the assembled condition of this embodiment

within a tendon;



nore of the other elenents of these tendon to bone repair apparatus nmay
al so be forned of absorbable materials. 15 Alternative Tendon Repair
Apparatus The invention contenplates further enbodi nents of tendon-to
tendon or liganment-to-liganment repair apparatus. For sinpli8i8t %R Qodiy t he
term "t ermoni284s7used herein at various points. A revi ewpgfr/gsog2geser al
procedure is appropriate with reference first to Figs. 27 and 28. Wen 20
faced with repairing a severed or ot her w8Se darmaged tendon, the surgeon
must make an incision to repair the severed or damaged tendon. Figure 27
shows the actual |acerfkigi 88 igia Rerspective yiew phapodwt aliematine b@l’@ﬂént ed

i nci sion 352 nade by the surgeon to gain access. After the incision has
WO 01/ 28. | 57andi®orGardl iARRNAD (RO dIBEMRer1d@8vibgenrateluet $thactske fiof | aps 354
are refl ected back for full visualization of the damage. The surgeon w ||

retrieve thepiiextinglcolftélrdtHeEHBR the P&afing FRerfiigraged tendon through a
triangul ar wi ndow access incision 358 nade in the tendon sheath 360. The

e See ot ony SfianBons POELERLUIL Gl 8r Bn8inet BRRIAR] 1 on 4o

segnent 356 from cat chi 'nci st on as’ i S re ved. The

di stal segnent 362 of the da ed tendon.will also be retrieved in the sane
nmanner . %meemﬁ YR HHR %‘ﬁagg}%&“&éerﬁé%'ﬁhl"gfaf'?@v@ﬂ osdnteRmpshing eRilfir e 28,
they are held in place tenporarily with transfixation needles 364. The
function of these needfigs60dstacperspectiveevied ot adothes athepmtive3atsh@62

t oget her wi thout damaging the tips of the tendon which nust be kept as

trauma free stsugrose ehiptoying @ flexible kelgabancepanrappeddrbanda &eining he
transfi xed tendon ends 370, 372 without the surroundi ng anatony and
transfixati opeprfl es 364. In accordance 15 with the invention, access

i nci sions 374 of about 0.5 cmin length is made approximately 2-3 cm from

the | acerated ends 370 342 .0f the t.endon. Preferabl a No, 2 suture 376
is placed in through ,?Fﬁg. éidgsasgriaﬁgi'@lf%ﬁaq?ﬁa g?rctezcgs%l%%ﬁﬁm CHB{fHon :segnment
356 out_ through the | acerated end 372 of the proximl segnment 356 into the
| acer at¥Y eréPraparing achelica| anchorirepais apparaley et ihe Myeniien aQainstha ough t he

access incision 374 of the distal tendon segnent 362. Once the suture 376
i s placed | esyiventiveal Kesslghrepag teehdigweni t h a needl e 378, the surgeon
pl aces an anchor systemof this invention into the tendon body. 08 APR
200 wo onB. ~s~ ~ Fig. 62 is a perspective view of another alternative
embodiment of the invention erhploying two helical anchors integrated with
an elongate tensile member;
15 Fig. 63 is a partially sectioned view of a tendon retrieval
device constructed in accordance with the invention;
Fig. 64 is a pers_peqti\)e view showing use of the retrieval
device of Fig, 63;
Fig. 65 is a perépective view illustrating an alternative double
20 helix embodiment useful in the fendon retrieval device of this invention;
Fig. 66 is an end view taken along line 66-66 of Fig. 65;
Fig. 67 is a perspective view illustrating another alternative

anchor structure employing two crimpable anchor members, and an

elongate tensile member;



PCT/ U599/ 2~098 -5 6 Fig. 31 Aillustrates an alternative tool 392" for
rotating helical anchor 390 into the tendon. Tool 392' includes a flexible,
hol | ow shaft 396', however, in this enbodi nent shaft 396" is contained
within a hollow sheath 397 which is also flexible. Anti-rotggigg ﬁbéucture
399 is di \s’,aposed_ 5 within sheath 397 and may be actuated between a Tetracted
posi ti on™ #F8H’sheat h and an extended position as showPGTAUSPRH09%7 A |
the illustrative exanple shown, structuge. 399 conprises spikes that flare
outwardly into tendon segnent 356 to prevent rotation of tendon segnent 356
as flexible shaft 3964 t Id € r i tihonary.
This prevents 10 the 'F'glh?&%yggg%ﬁgﬁil%ggﬁgf%?ﬁé?afﬁtg%tﬁ?attﬁe anchor
as the anchor is rotated int | ace. Referring nowto Figs. 29-31, a first
al ternati veaﬂgllyi%‘glamﬁ' g‘b%l 5310%'2)5} é‘?u§7i's shown being inserted into

t endon segnents 356, 362. This includes a first helical anchor 390 being
applied with a tool 35@. &8 isngpagiallyseatipredyievyfllysirating,hel usesefathe 396. |t
will be appreciated that many different tool configurations may be used in
pl ace of toodol3®Zrimp dhetamichenchenibdre @nt@@2endah addstharelamgdtertensilmt i ng
portion 398 having a blunt tip. Atrailing end 400 of helical anchor 390
includeg a g{dmerdOrti on received in an aperture 402 associated with a hub
404 of end portion 398. Anchor 390 20 further includes a | eading end 406

whi ch may be forned apicgei Rla @e%{@fb@ptﬂenbéégf%raﬁi BIS%WZPW%W ng

portion 398 further includes a's I'e apertu no ong Its

| ength such_th | ongate tensil e nenher or sutpre 06 be t hreaded
t her et hr ougﬁ'gag-% ﬂ\“'ﬁ'ﬁ"@ﬁ thr)crimpg §’Rﬁ¢?’f@ﬁjﬂ°9@éﬂ"%f‘e CrERP Thys,

anchor 390 is releasably attached to end portion 398 and el ongate tensile
menber 376 exarebers amikritgndaneties®i er of helical anchor 390. Tool 392 is
used to rotate helical anchor 390 |like a screw into tendon segnent 356

t hrough access inci si 6iy. JMisomdectidred] @tbw nélkerpgercarathg atorghliven 71 77 Fio. 31.
At this point, the surgeon pulls back on tool 392 thereby rel easing

mount i Rg en#igqg@z-i,imn iﬁeﬁréﬁmﬁ@hﬁ%bdaﬁ%%r_n?&ﬁc?ﬁanrbhio? theidHmpand as

shown in Fig. a retaining nenber 410 is installed at |least partially

wi thin helical_anchar i i 12 is used to grasp
retaining Mﬁeglﬂg?k%ﬁgg 66?'%& gﬁ%bgé{ﬁa%lnrg@ech%\%%ébn el ongate tensile 10
menber 376. The surge ate tensile

g_n sﬁ des retaini Hg menber 410 al ong el on%
member or suture 376 filil14 [SeRPRAMYCYHEUSHARYNNG B aeHNFTECHINGIYBS. Thi s
traps and conpresses the collagen fibers of the tendon between
anchor structure employing a single crimp member and elongate tensile
member;
15 ' Fig. 73 is a sectional view taken generally along line 73-73 of
Fig. 72, but illustrating the crimped or deformed condition of the crimp
member onto the tendon tissue énd around the elongate tensile member;
and
Fig. 74 is a sectional view taken generally along line 74-74 of

20 Fig. 72, but illustrating the crimped or deformed condition of the crimp

member onto the elongate tensile member.



retai ning nenber 410 and helical anchor 390 in a manner to be di scussed
further bel ow. Wen retaining nenber is firmy situated within helical 15
anchor 390, the surgeon can deforma rear crinpable portiopn 414 as depicted
in Figs. 33 34 and 34A In this regard, Fig. 34 shows rea 8 ARRY 2B e
portion PMAWH*Yn uncrinped state, while Fig. 34A shows EFFHSE%H&%0rtion
414 in a crinped position securely affixggd to elongate tensile nenber 376.
This fixes the anchor structure, conprising anchor 20 390 and retaining

menber 410 fRabAe] Debériptich bf BRs Prate %rbh@@ﬁ&ﬁﬁﬂeﬂ_@gﬁent 356 and al so
af fi xes the anchor structure to the desired | ocation on elongate tensile

menber sut M%gﬁggrﬁ%@@ BB% ﬂ; this step, the surgeon noves on to

t endon seg | ar procedure to affix a second

hel i cal anchor 420 an% rei{ﬂ%’ivni_n%, n'erﬁb?b 422 tg t he ? APR 2004 -58 suture
376 through access in€iSsP YRR FGS. IplPop NOYE F’PH‘ﬁPnbg Rt HPRITHY frenber 422
onto suture 376, the surgeon may adjust the distance between tendon ends
370', 372 ' tracsuredi banea ﬂng iaﬁbnwn-sﬂwadtant@redzmnei@m denjce UQuhas Bneewhi | e
applying a force, such as with tool 412, to nove 5 the assenbly 420, 422

al ong wig h tpeintry peetyyenflexdb2 soMgiddutue opfilemdrt BEIaEREt BRRon WS aride
desired repair position is reached) for exanple, with tendon ends 370, 372

appr oxi mat elyysebodd BUtEHRAB. Fhst BHLES8 asqaéémsid!aﬁ&aamongemab@&néﬁ to
34A. 10 it wl

suture 376 in a manner simlar to .Fig. e under stood t hat

ot her manner,g of,.| i retalnng.menber. .. such as ers 410 and 422,
in place mj%e%ngggl{?%g?rgfga%oe?ﬁ e R‘Br%‘ﬁﬁérﬂsx S dRPEP %ntp%rrti ons of
the retaining .nenbers. As shown in. Fig. 35, opposite ends of suture 376
are cut at INYEfilaMRNte] 0se to the' respective retaining nmenbers 410, 422
and access incisions are closed., 16 such as by using sutures 424, 426 0~
anot her accept abl e nefsoshown Fhostl particalarlyrinifigy 2usutuee 428hassafiratedd at
the. junction of tendon ends 370; 372 or, again, another acceptable-

connectligon et fiedl angditohRd eneR2. Fidt end®20 bf yaturatl 23 iamalel @diadlo ¥etdhel i cal
anchor 440. and .retaining nenber 442 connected to el ongate tensile nenber

R e,

illustrates e ITnvention In nore .deta

fibers 444, which extend |e wi se wi.thin tendon,segnent 358 have been
engaged wi t Hi'n -'g'lﬂ 'i'%'dff@"bef"qg%@ﬁ%f’%ﬁ% TS s&ﬁ@ﬂ%’ﬁﬁ'ﬂ&mﬁgt FEPMCYV?'H o pl ace
as previously described. This engagenment will occur generally in a

si nusoi dal frawedrknoyen toeng ofpprdinzuy skill ib\the art-most preferably a MicroAire

Wire Driver. The rigid segment 20 ideally has a sharp point 24 to allow for
15 easier drilling.
A sheath 26 may also be provided for the filament 14 during
the drilling procedure and forms a part of this invention. The sheath 26
would serve as an extension from the collet 28 of any of the well-known
drilling tools. Two forms are contemplated. The first would use a
20 collapsing sheath (not shown), such as an accordion pleat such that the |
sheath will buckle as the tool mbves towards the bone 12. alternatively, a
concentric spring 30 may be made of any of a variety of materials. The
material must be strong enough to withstand any punctures from smaill

bone fragments which may be displaced through the drilling procedure.



PCTI (TS9912~1098 -59 shown, although the nunber and density of fibers 444
has -been drastically reduced in the figure for clarity. Retaining nenber
442 may ‘al so have a di sconti nuous outer surface 448, as.shown, such as a
serrated surface as shown in cross section in this view _OH aPRi2g4 further
help retain the tendon 5 fibers 444 between retai ning nenber 442 and

hel i cal anchor 440 and prevent retaini ffé;g‘rrenber 442 from backi ng out of
heli cal anchor 440. An integral. crinp nenber 450 is di rp sed on a trailing
end of r et diewayehehbetstopthinesapah 42 allev 'ﬁi)cﬁléarPé@rasoﬁ? "8’9%8”9%@?&%9
structure may be used in its place. 10 Fig. 37 discloses another

al t er nat i veTrarhedeneimusnelsadiavg suffielenthkatreshtandsor asdfficiertyahighng
menber 462 adapted to be fixed into place on elongate tensile nenber 376 in

a manner gepgh@ld Yok Ahddi id AnbfiBciRbeN) BShaRl doatataddiotheedindTRENt S In
thi s enbodi nent, retaining nmenber 462 includes a discontinuous outer

surface in the form a. - whi i

anti - backousth@%apﬁlcti oﬁ%a\&a'l%tkpagﬁ?gg\y Eérﬁ{ t@%ﬁéﬁ%?”wgq{%ﬁ? g}rﬁ I %(?thas
retaining nenber, 462 is rotated, into helical anchor 460. A crinp nenber 466
may ‘be Pr o dida fHly PrerESHITRFRYNAEMASEFS 462 in pl ace as previously
described. Also, suitable flats 468 may be. provided for tool engagenent

al | owi ng rotation of @etienaliynashemnirdn istBratezDorrithe segal and 287¢ the
respectively illustrate another alternative enbodi nent of a helical anchor
460' and arsia0ehod. sTHivGinGE enbd ssatpfa Haaldi drilingattehbonanad. rehatherng
menber 460', 462'. Helical anchor 460' has opposite, tapering but blunt

ends 4602’ ,114600e 19 ALLOME hBREIIEE o M) Be Td‘ﬁﬂ@@'ﬂg%aé’rﬁi%@% b&dyd 460a’ and
460b' . The blunt ends 460a', 460b" wll 0 8 APR 2004 WO 01/28-t57

PCT/ U599/ 2~098 -6 [ t ' ' : to

t earing, sl§ EHngegrO%gfﬁgog\sAﬁ %goém%}?ﬁéé ?ﬁéﬁ%nsswsugg t%%]ééér{f g@é@%g%ggpor bl unt
end configyrations y he used as well. Retaining nmenber 462 .inclydes a
oot S Y the W o ME A St o Bhgagistone Rt Houoaa fig dush Tdlha 4
tapered 5 | eading end 462b' for entry into helical anchor 460'. An outer
surface 463e'thgdagiestdnti nuous in a convol uted, generally helical manner to
generally register with the coils of helical anchor 460'. -Thus, fibers 444

wi |l be retained duriRegaudless of Aogetter bbhey 12iindsibediahemantiexd dfet ween t he
coils-of helical anchor .460' and the convol uted outer surface 462c' of 10

retaining Sor? 82 'the lEioH@!réyaig HeYRENIONG (FRERele, 46RE rigiekéstan engentral r

aperture. 463 along its |ongitudi nal axis for receiving an el ongate tensile

rEer STl K L1 B4PH RS PR S0 U sl idB o
15 fracture 36. The rigid seﬁond,end 22 is'then pulled s.uoh tﬁat the suture
port-io'n 14 is within the bone 12. The purbose of-thé suture 14: beiﬁg
optilo.r'\ally flexible is tﬁat' many-bones which are fractured are srnaﬁ in size
and afe not ‘e‘asily aligned. In order to proberly repair a béne, most -
_ partjcularly a small Bone, using prior art tééhnology, a practitib'ﬁer must
20  spenda large amount of time 'precise’l;/ aligning the first side 34 and second
side 38 of fracture 36. If fhe suture ‘used is flexible, the first sidé 34 and

second side 38 need not be predisely aligned, since the flexible suture .14

can bend at any point. While it is desirable that first side 34 and second



utilizing a nodified elongate tensile nmenber 376" having barb or ratchet 15
structure 470. Ratchet structure 470 is engageable with an internal portion
472 of a retaining nenber 474. Therefore, as retaining nenber 474 is noved
into helical anchor 460) the interaction of structures 470 ARBRA208&72 wil |
prevent retaining nenber 474 from backing-out. This therefore provides an
alternative | ocking structure for hol ding retaining nenber 474 20 agai nst

anchor 460 widdagaswlesmeiben slibhéppedk abtnecsREsELHat b1k eheiteen. As
further shown in Fig. 39, retalning nmenber 474 may be fornmed from

absor babl eﬂ’é%&éiioﬁl%@Hﬁﬂhaﬁmgcﬂé}ﬁ%é’gwéoc. acid or polyglyconate. As

retaining er 474 1s absorbe nore tensile force will be experienced at
the repair site as retainin mber 474 will tend to . 0 8 APR 7004 WO
OL/ 2857 PCT/ US99/ 2~098 & ‘fr?a(ﬁen?él'?@ﬁ?fleg/at?'ﬁrat’??@i:‘oﬁﬁmnﬁéﬂrirBLélF'ﬁEﬁ’&?{Hr 460.

This gradual  increase in tensile stress at-the repair site will pronote
faster and stirengélextdalpohgnedi Bise tHiokdsss of sistureal é depeads pot dwtsizg

al ternative enbodi nents of helical anchors, nanely, anchors 480, 482 and
484. As gcur medtibyaog entteapbatedt, idiendicbenss widH aderd mpeieeshfd, amia | ar ger
dianeter at a trailing end to a snmaller dianeter at a | eading end to assi st
in threadi ng,ji haaRcherahd 8f DhE2 kERHOB ihEISSUR: dikipweMer Thd birfdrldg be
under st ood that many othef configurations are possible as well with a few
of the possibil.it] i.tlustrated.in Figs,,40-42. l.n_Fjiq. hel.j.cal anchor
480, shown it%nsé:'freosstgqutb_sd”@'@@tvl"” rP,e ﬂ%%ogea? (?é-rv i”ﬂ&s &ogﬁ%ggpﬁgf}gﬁgé'!ets | engt h
and an axis 486 which is not parallel to elongate tensile penber, 376 during
use. Al so, BESEBIRs pENBEPUSHECKResses grouvalirinawn tp orepfiardingsy F¥lIdR anchor
480 and partially outside .of the coils. 'In Fig. 41, a simlar configuration
is shown, exkeptt.that tensile nenber 376 is contained entirely within

hel i cal - anchar 482 and 15 anchor 482 has coils of approxi mately equal

di anet @0 al ong its | edgide.thEigiturélt 4 lhay HdeAt®@Bledahanghobor342f Bt conver ges
in diameter centrally fromeach end.” Fig. 43.illustrates another enbodi nent

of the invepkioy WBLSHMK E)rl?aedlﬂle‘angtﬂé,eitte‘i@'édrse%cgmaﬂﬁé@ély:%ﬁ@dg% E&ieai ped by a

wedgi ng action 20 betWween a retaining ne and a hel’i cal. anchor 492.
Ret ai ni ng nber, 490 ma ve serr r otherwi.se . di sconti nuaus outer
surface 492? o ﬂ&%Z‘i@ﬁ-%@%ﬂ%\&ﬁ@ﬁ%'@%ﬁg’ ﬁbet%?crﬁnﬁgs,'é‘? g%g%tf@a%tg %lg#é member
376 against_tendon fibers 496 and heli.cal anchor 492. Again, the nunber and
density of fNBSU&ULDE4 MU hieniReateqprediuerderita holgtheBirftovde Bdrandy. . wo
011 28.157 -62 0 8 APR.2004 1PCT/ US99/ 2. 1098
second side 38 together.until fracture 36 is healed. The suture is secured
15 on each side 34, 38-by a button 16, 18. Because each butfco'n'1_6, 18"~
is selected from-the same group of possible designs, the d'es_'igns are
descri_bed only in reférence to first button 16. However, it will be
understood that second button 18 may have a similar design.
As is most clearly shown in Figs. 5 and 6, two types of
20 buttons 16 are preferred. Fig. 5 shows a button 16 which includes a
flange 40 which extends to or baneath the surface 44 of bone 12, Fig. 6.
shows a button 16 which includes a flange 42 resting on the surface 44 of

bone 12. Flanges 40, 42 serve to aid in distributing the tension load from

the suture 14. Each button 16 has an inner surface 46, 48 which slidably



Anot her enbodi nent of the invention is shown in Figs. 44A and 44B. This
enbodinent is simlar to the enbodi ment shown in Fig. 360BUAPR biaestrat es
the effect of form ng retaining nenber 442" from absorbable materials. The
effect O MPhr to the effect described above in connBETUSH/2H09%i t h Fi gs.
38 and 39. That is, as retaining nmenber442' absorbs into the tendon, the
repair site will experience a greater anount of tensile force during

physi cal t hefigisUndL REImSTHERRlrd hE. LGAIRR Nt Auftackblds, Wd gg%ﬂged the

heal i ng process an I'n strengthening the repalr site. 5A- 45C
illustrate a further. use of absorbabl rial faqr helica nchor

200 1 ot oS ARHS PR £ mER eRDA A% ALnbBteh ABJpdprasweteh Ahhits
enbodi nent, each of the elenents will gradually absorb as shown

pr ogr essi vd$ @njaxtengoniaf flangesR hwhaegastnasch Gcisi fonmet! separatebrof ng nore
tensile stress to the repair site is acconplished and such that the repair
appar at us dtangewhd! Besplise Sutdry 1o¥ issfiddblardndaddryewhaosbft, rbmplbed he t endon
after it has fulfilled its repair function. In this enbodi nent, the

absor ptg on yiatdis 96, bleintbihg @66Nfnot IRBARME My PBY1sBE ta?rkwirhyaﬂaw Be
different materials. For exanple, retaining nmenber 442" may be formed to

absorb faster n i . n 0., such that

t ensi on is,o(?'ar |?’gﬁ°?'g?g g&f‘ﬁ@% bg%@?%ﬁge?ﬁtgatﬁe%&;ﬁﬁe i?‘taen.dsThen, after
full 20 healing has taken place, ,.the remaining conponents can absorb into
the tendon, ePQﬁif‘v?"er"S to SURde Ly dn ﬁ?'&r"&%\‘m‘ﬁ‘?%‘%‘;ﬁ)ﬁ Plg' r@p@?V. Fig. 46
illustrates an alternative enbodi nent of the invention conprising a

conpr essi bibgcoms avacheththsutuEed 4.ecei vi ng el ongate tensile menber 376 and
adapted to be retained in place within a tendon through a 0 8 APR 200 WO
Ol/ 28. 17 PCT/ US99/ 2. ¥iP8ltematicomutessi 6ds sahdwarinRigsight abTHis Bttén sui t abl e
structure on elongate tensile nenber 376, such as a separate crinp:nenber

502 0K AN 1% ADE Rhckig 3HHAG DRMAHEE THitHRTRRT i | jg@) anchor
500 as shown in Ficgs.g4%Aﬁ§and HBE WHATRNeR %ﬁ%éﬁi?g%gb@ﬂg?%ﬂaﬁ? ot her

S04 s+ ong el P4 Tof} PRI e RT bl hogsBle TS i ol TR RE, S0 1<

acconpl i shed. As shO\éyn in Ficg‘ 47B, when c¢rinmp_nmenber 502 or 504 is fixed
onto el ongd®eKs Ry disel wikhiner crimaingtookreauirngde Thasutuse dehideallg76 i s pul | ed

in the direction of arrow 506, toward the repair site, the coils of helical
10 anchor 50¢udés hotahesrarsgroanes Sdcier aitlyin ehgattachiment efiduttdn bérte t her ei n.
In this manner, helical anchor 500 will be | ocked onto tendon fibers 508
and the tendewesegnents nmay be pulled together at the repair site in the
manner described above. An alternative crinp member is shown in Figs. 48A
and 488 15 In this ROHARS if ibhIPJESEGRES for iR b&sss il thet and second
hands or feet which are smaller and more dlelicat.e. However, the same
invention may be used in connection with larger bones and may be
particularly useful if a larger bone is broken into many smaller pieces. The
diameter of the rigid segment, filament, and pin must be adjusted to
20 effectively join the bone and fragment, especially if the bone and fragment
are large.
Turning to Fig. 11, the same invention may also be used to

repair a torn meniscus 56. The suture 14 (shown in dashed lines) is

threaded through the meniscus 56 from a first side 58 to a second side 60




novabl e portions 522, 524 connected at a central portion 526. Crinp nmenber
520 may be received on and slid along elongate tensile 55"?5'3 6 in
abutting relation to a trailing end portion 500a of hel{ca or 500 and
crinmpedy@@phglst el ongate tensile menber 376 by squeezi pgTases:4088, 20 530
together as shown in Fig. 48B. A nub 532 .and opposing recess 534 may be
provided to help retain crinp nmenber 3 fixed agai nst el ongate tensile
menber 376. Opposite ends 536, 538 may bear agai nst trailing end portion
500a. |n tdfilsactammer geemB2as\ivitslaymeniscoa S isdtyPica!lveeiemed 10 @8 RENE nanner
described with respect to Fig. 47B. 0 8 APR 200 WD 01/ 28a57 -64

PCT/ US99/ 2on93ather dhirefraatured, endbodirdéfracuifre’hand @dliformppheteod shos!

i ncorporating an elongate tensile nenber 552 and a pair of conpressible,

hel i cal ar&?&eﬁﬁeé%n% B5Rafed 16 HOYM bbRed aAE to4RénieBHINAHR. cdritekhbs tisigbodi nent
e ne

el ongate tensi er 552 is initially conprised of two 5 suture segnents
552a, 552h. As.with the oth I ' : ure. As
in the preDVBYEOR ro%ﬁﬁ?e?ﬁ gﬁég@@%@g?gg@gWégg%ﬁa%?%tljdg@ggéloﬁﬂat ed with
each conpressible, helical anchor 554 556 or the respective tensile nenber
segnen®s S5@ith thegpyentgn H@Sé’ﬂﬁﬁgé’ﬁgwwﬁh%ﬂﬁsst%@?, reBay ‘ﬁrf"é’?mt her
suitable manner. The two tensile 10 nmenber segnents 552a, 552b are threaded
through a wewbnal A firstbuttomdi® BettaghedrtonhgireumnsedpReautse Juyan 2
respective tendon segnents 564, 566 preferably through respective proxi nal
and di st al fjpm R{WAE 8i gt theefractnew 62amdie secomd buttioon t8 iFettached trerdndr
segnents 552a, 552b are pulled taut through central crinp menber 562. This
i mul t aneousl Y JGRANINGRS §8 diFbistRbnd 8BS GTHacteRboandaaubhs te;ndon

, 0

segnents 5 gether to a repair position as shown in Fig. 49B. At

this tine, conyentipnal runnimng sutur i I dhesi ve or
ot her acceﬂ)sa{'ﬂ?‘é ﬁﬁ?ﬁga,samc%’g'ﬁgaﬁm?8(3&3&%%8?5?@% o%gg\é%gé{eﬁé‘bf%% 566
together at the repair site. 20 Anot her enbodi nent I=of a i&ndon repair

appar %0us 6membie shesabs h44iap deseribad dn tanden serpif,Fi9s-.E&Ban el ongat e
tensile nenber 572, such as a suture conprised of one suture segnent | ooped
through a plurality of, for exanple, four conpressible, helical anchors
574, 576, 578, 580. In this enbodi nent, separate crinp nmenbers at each

hel i cal . Rir A icd {\# 6xhiog

The method described may be used with any of the relevant
buttons in the present invention. The prior art method for repairing a torn
tendon is shown in Fig. 12, and involves making a single long incision over

15 the location of the torn tendon. The present invention (shown in Fig. 13)
uses a device and method for repairing a torn tendon through one or more
skin incisions and two or more smaller incisions in the sheath, minimizing
trauma to critical tissues. This im)ention may be used to repair either a
tendon or a ligament. The term “tendon” as used in the application should

20 be understood to also encompass ligaments.

As shown in Figs. 13 and 14, a surgeon makes a first incision
100 in the skin 102 above the locati'on of the tear 104 in the tendon 106.

It is noted that the skin above the tendon tear 104 may have already been



-65 PCT/ US99/2~098 nmay be elimnated as the suture itself will pull each of
the helical anchors 574, 576, 578, 580 to a conpressed position as the two
suture ends 572a, 572b are pulled through central crinp-nenber 582. As in
t he enbodi ment of Fig. 49A and 49B, pulling the two ends-G824PR 200kb 5

t hrough central crinp nenber 582 will ?$3nultaneously conpress each helical
anchor 574, 576, 578, 580 and bring tendon segnents 584, 586 together to a
repai r posiqieRf as inailanegbpnt 4f élﬁ%@ ISYpRcasy Phhay el reatedAE o thanni ng
suture or other final attachment nethod nay be enpl oyed by the surgeon to
conpl et e t hewisiepanay b0 ekivgat. TheAurgdoBtiardrmaRet lal tesbndtiecisional @&r nat i ve
manner of enpl oying helical anchors to connect a repair apparatus to

t endons andnldhgairenistiie PPO@fithe Arkyincidib$ 1905t BB e0RleBYSIdd Fridkeand second
hel i cal menmbers 590, 592 with at | east one of the helical nenbers 590, 592
bei ng novabl:e t t.her hran 7 . tendon i gament 15
fibers 5949gﬁj?ﬁﬁg?gﬁﬁgﬁoﬁﬁ“?f&%ﬁ%ﬁfﬂ§52$gﬁgﬁe éﬁ%gg%E“%E &ﬁ%ﬂlother

enbodi pents of, the jpventi. a suitabl e | ocking nenber, such as a crinp
nmenber %003”;%9”%3 ddj;éodg' Pﬂ%ﬁﬁeef(?fabé}’ Hh‘@%\"t’"es?‘éq{gk Vanisiefe N C59@Y B8F novenent
wi th. anchor nenbers 590, 592 such that. tendon segnent 596 nay be pulled and
pl aced undehorterlsi oh“iw teistdrmmghtdditicenas small favibdewsd8cisRDsImay he - speci fi ¢
enbodi ment shown in Figs. 51 A 51 B and 52, a nmgnetic ‘i npul se generator
602 'i s connec¢sadryitd yain BeEEIBtoE rétiauhSEf SHépRindoknind. 6M4e Mospersed ar ound
the patient's finger 606. Anal ogous systens are avail able from Maxwel |

Magnef or m  0oSamED £UP mdRhisb Givtige rMNBE tRe TRANRL bCIidJMeShAth LB Ses are
supplied with generator 602 this wl| 0.8 APR 2004 WO 01/28-t57 .

1PCT/ US99/ 2~ = |l i st _heli r.k d_heli cal
menber 592;g #%%gg%%&%%iogﬁ%fﬁr@, Af é?&g?gcrr% ‘a’%?rg‘??@s'tsstﬁgp ?Eéﬁ%dﬁéﬁ'@& %r outer
hel i cgb menber 590 may, be formeﬂ%from a rragneti c metal material, while
secondhel P SHEMDEF SlANgaim &N SHE TBRM D503 18s Tt feed!er om a AdR-iFragnet i c
material and, 5 therefore, does not deformthrough the application of an

el ect r omagpef erabi Yrpvergedadargetradisiey epaicuttime needippdinienelto wsé théi s

i nvention, this again enploys the general technique of providing two -
portions oficedlé dridbto penéirgmbetfilamenesustshdehur®s witHbuatwdsk@singone portion
bei ng novabl e toward the other portion to trap and conpress tendon or

|i ganent fEdensx«ckoehBERE AP tNERRN, Riel IRLADY 8 iPEJi"&Eratb(Py COPREO8|0f menber.
600, crinp nenber 600 nmay be noved al ong el ongate tensile nenber 598, "after

col| 2bo! % o4be? ) Lo R R S e Bl R By ° ™
15..  steel, or p.olylgl,act,in. 910, or other high st,re.ngth material. The n-eédle 116
and attached suture 1 f8 are then inserted into thé fendon at the first side
. 110 of the tear 104. The needle 116 and the suture 11é travel-
down the center 120 of the tendon 106, exiting at the second incisions
108. The'surgeon then inserts negdle .116 and attéched sutufe 118 at
20 approximétely the same center 120 of the éec'Ond side 124 of tear 104,
The needle 116 and attached suture 118 exit the tendon | 106
through the third incision 112 on the second side 114 of the tear 104, The
suture 118 is then tightened such that the first side 122 of the tear 104 is-

. drawn into abutting relationship to the second side 124 of the tear 104,

shown most clearly in



crinp nenber 600 to retain tendon segnent 596 at the repair position. 15
Fig. 51 Cillustrates another alternative enbodi nent sim|l aiApRcm‘:ept to
t he enmbodi nent of Figs. 51 A and 51 B. In this enbodi ment, however, an

i nner r eWd 0I/28¢STmenber 462' can conprise a solid core nmeRBEUSY%240%pposed to
a helical nenber. Retaining nenber 462'_gan be forned of absorbable or

non- absorbabl e nmaterials. Retai ning nenber 462' 20 is preferably threaded

over el ongate tensi j ' irReHeH kel difdlar menber
200 wit hi o FBhdH fES%ﬁ??P&???“%ﬁ BIR3 e 08 iidhEH (AR dififr 1

uncol | apsed or expanded state, as sho i hant om | i nes d receives both
el ongat e t efashiennasiell breeme, gleap rgm\ﬂﬂ’g’hﬁ? 0 ql%sf‘”P%ﬂPt ert"ihE% ti on of
retaining menber 462', one or nore WO Ol/28.17 08 APR 2004

PCT/ US99/ 2. s088e- B8 dlaschaesnpipmerly lagasllit auishbe sgasred i ewegdP| apse out er
hel i cal menmber 590 generally to the position shown in solid |lines thereby
conpr essi ng h&AREHA thekdatipg4elbtibnsisp bettveenfilst cale h2Riaed se@dndrsidé nner
retaining nmenber 462'. As further shown, retaining nenber 462" may include
an outerg 5 di i g surface, such as a convoluted or threaded surface
462c’ tc? heﬁﬁgfgléérwpgrip or otherw se engage fibers 594. As necessary, a

| ocki ng nmenber 600 be crinped or. at.her ]

tensil e nenber 598 arr:?(éﬁiﬁ &y eﬁ%ﬁ“ﬁ'f‘ﬁé‘nggs\#tb@% 'L?gghﬁ%o%}ﬁ)egkedtfwemg&nc 0r
structure, conprising retaining nmenber 462' and helical nenber 0, to 10
el ongat e t edsifiret erappdiment isghqwpn |z9pr125c '&HSFH&’LS "I?‘Sc}!&en%f ?rﬁﬁ%@g 600"
may not be necessary in any given application of the inventive concepts.
Fi gs. 53A- 53fchbl bsittont er hady H@6. aAtaurgeon veakesba dtateet slgrwauneé gz in
apparatus 610 enploying generally simlar concepts to the enbodi nent of

Figs. 51 A 3Rd t8hdEn 198 hh GRbad YenérallfiugdebBfe sappad iicisiod § 0BLMade on
enpl oyed in a tendon segnent 612 and again includes an elongate tensile

member 4 GRAMGEE Sfle!s 1B ft thiel it RGN OTRMIRG sl cPincho? kil 6r

connect 0 second cal ne 20 1s 1nitially contained in a
hol | ow, helical carrier 622. Carrier 2 has. a_di apet " i j
greater tharPadyel spme‘?"w&he&“tgr@cbﬁé %ﬁ‘&‘?‘f‘&%F“ﬁéﬂ%’e%{s‘Eg 1 %H@Qe*aghezo
second helical nenmber 620 is rotated intq carrijer 62%, nenber ggﬁo
el asti cal | y extphorsutface H2Sehtandon 196 jThe giing spcher bylterAg:has tjal 1y
di sposed or carried at a dianmeter "D'. As further shown in Fi % '53B, as
carrier 622 mires $80owhidte seval tonassistrin 6@iding slidingaarehadr fugtarehdBrinsegnent
612 through an access incision 624, carrier 622 is rotated over
place in tendon 106 once it reaches the desired location. The burrs 130
15 are directed such that they are facing towards the tear 104 and generally
outwardly from the suture 118 and serve to reduce the possible motion of
sliding anchor button 126 and to distribute the axial load. In order to
properly place the sliding anchor button 126, a tool 132 should be used
which is capable of keeping the exterior surface of sliding anchor button
20 126 from coming into contact with tendon 106 prior to its correct
placement. The tool 132 is important, since otherwise, the burrs 130 can
tear or otherwise damage fhe tendon 106. Once the sliding anchor button

126 is in place, the tool 132 is retracted and sliding anchor button 126 is

swaged to the suture 118 such that sliding anchor button 126 is attached




0 8 APR 200 WD QO1/2857 -68 PCT/US9912.1098 first helical menber 616. As
further shown in Fig. 53C, as carrier 622 is counter-rotated or rotated in
a reverse direction, second helical nenber 620 is |eft ben'g@d”’wg
resiliently contracts or conpresses around first helical n%zr % t her eby
t rappi ngV@8H#WF fi bers (not shown) between 5 menber 616 SNy SHEHBE: 620. It
may be necessary for the surgeon to holgh.second helical nenber 620
stationary while counter-rotating carrier 622 as shown in Fig. 53C. Upon

removal of t§aa[rm |e9§25a&iaﬂogr§%gxns§%5%gmbﬂa.GHgsv.w'15Anescyeasmvel y

connected t endon Segrent e placed under tension while, for

exanple, pulljn endon, segnenf 612 t.q.10_a_ repai Lt.Lon evi ously
descri bed. Vﬁ'@.t\ggz Pospibig f%{rbss}o&ﬁ ﬁlsﬁ'g%ﬂ%r&%fﬁ{?ﬁhtmﬁog‘iSgétg%ﬂr'at us
630 essentially enploying a reverse technique as ,con@\Zr ed to the ,eg?odi ment
of Figs. 5Fachad theseishdngeamrhwr hsitonsal RBINagva widih Yo Preferakly 688 has a

smal l er outer dianeter "d", than the respective dianeters 15 "D' associ at ed
with first \wnd sueRiniml iAstambeizeen 63hes€ER)s. Rhengjading apelker utienber 614
may be suitably connected to first helical nmenber 634, such as through the

use of Sufi’é%aﬁrlfét cSrltffured Bukhithae fitidieB®ko sUtdret 1 T@byasdingerber 634 i's
en

rotated into t on segnent 612 in one of the previously described manners
and, simlatl carri.ere. i ; [ hedid cpb AEhRr 636 in
aresili entatmg%qﬁ‘}graés@e': s’sg:t21a gehis(smro(q)ﬁg‘trguoé}fﬂt%gd(atsﬁ@?c%gr{?gjr'é'o first helical

nmenber 634. Wth second helical nenber 636 d stationary, helical carrier
632 is cournle® 1hat @tté@,segéngqﬁmnf% tE‘iegt.’”'BSﬁgbeao{?icﬁrgfcg%{B%dalﬁel i cal member

636 to resiliently expand to its normal dianmeter "D' thereby trapping

t endon fi besstwardly frhowt)e peturee@rider the sliding aogharpittomA IAPLBN 157 - 69
PCTI US99/ 2~098 second helical nenbers 634, 636. Wth carrier 632 renoved,

and hel i cal p|gBERRRE Fddgedidtosseturelyl 8afthé seab imuride]28risloloskdbers,
el ongate tensile nmenber 614 may be placed under tension and used to pull

t endon aegﬁgﬁégerg%{’yhggng d EHRRURRSInidraBuiie PTAVESH BB eBRSA FETBA| theshoul d

be app} eci a he respective diameters of helical nmenbers 616, 620
anchor 516 HiTES WerHgR TSP Feb BPudr il m st eratipd o slR30
636 whi | o renchar gtema 280And 13 oPYoRAPIEE Addn PPEBEeIEMELERSREn Agai n.
each of these anchor
button 126 has been placed, a surgeon can insert a second sliding anchor
button in the same way on the second side 114 of the first incision 100
15 | below the third incision 112. During the installation of the second button
126, the abutting relationship between first side 122 and second side 124
of t;ar 104 is assured by pre-te'nsioning the core suture 118 as the second
button 126 is attached. Tension may be applied by a special aspect of tool
132 or by manual means. The remainder of the procedure is the same as
20 that mentioned above. Once a button has been inserted on each of first

side 110 and second side 114, the tendon appears as is shown in Fig. 16.

The incisions 100, 108, 112 may then be closed in any fashion known in

the art.



10 structures enploy at |east one noveabl e anchor portion to trap fibers
between itself and anot her anchor nenber. Fig. 55 illustrates another

al ternative apparatus 640 conprised of a helical anchor.642 and el ongate
tensil e nenber 644 and a retaining nenber 646. These thre ﬁpﬁzdpf oper at e
together simlar to previous 15 enbodi gts in that heli oa anc 642 and
retaining nenbers 646 are each initial IrT§ sl i dabl e al ong el ongate tensile

menber 644. Elongate tensile .. nber ain uture,
S <1 (oxi (e or i gi f TEgR SREHEER: Ol eREo BABGHP teANoMTaL ARl g menber
646 acts as a coll et structure and includes one or nore slots 648 extending
froma | eadimigigerd - 2o Basiren'd§, arpdisariont ddinlesid8 46 Znayd paeendigids

di sconti nuous outer .surface 650, such as a surface having a generally

t hr eaded cohf#édgoradtutong rétatiohshipbes appr eenabedd thate. &s suett aiddsaganmenber
646 is rotated into helical anchor 642) tendon or |igament fibers (not

shown? willhe sturternaowisbﬁwtes@gﬁalerett%eor%gdefofrtﬁé%Hté?@h Jepbes fdp and the
i nner surfaces of -heli cal APR 2004 WO 01/ 28: 157 70 PCTI US99/ 2.1 098

anchor g42. t [ U ure end of
retaini gg me i%ggg” Sgglrtﬁrg?é g‘lﬁg%t ﬁ%%eaci d%t%fe% %ﬁarwi |1
cl anp again Io et 644 to ret al n the assenbly fixed on
el ongat e teiépl tﬁgﬁﬁar (2524'1#‘%& °H§“ﬁ‘étr1‘t§étseé480r§é§/b MEPYGY B a 5
material that allows the |eading end to plastically deformand clanmp onto

el ongat e t eMarpdn FBABeRde14 06A Incgthis entbedioentmente ube Isukirags pbidedt - | i ke
structure is shown in Figs. 56 and 57. In this enbodi nent, an apparatus 660

general |y ithel tadelsutaohellidsadlidenatiors @6 and uatl weyicaeh thetexta¥igly. menber
structure conprised 10 of inner ‘and outer retaining elenents 664; 666.

Anchor 662 @ighdey Qemme @bﬁ‘ﬁ@rttt% @@ﬁobeﬁﬁﬁcé‘& Enkg gte%téryteﬁt ah} e along an

el ongate tensil e menber . One or re slots 6/0 are orme at a | eading

end ol onnehdihaa ftan%'n@%stféﬁtﬁt%%pepé%@ SR8 eSS BhAnE < Phne 65

tra| In outer retaining éele F .surface 674
may be 15 di.s¢antin yous to h tra ber bet en out retaini-ng
el enent 6666"3% hﬁ‘l” asy anchgkgé)éiegg gg% 888 K“P%%l %’\ﬁ Biverig. 57
will indicate the function of various el ements shown in. Fig. 56. Mre
particul ar |13penawterppﬁétqlwlacadcmﬁv #B S Wageheeprimpedttediitueo! b8 seabion

segnent 676, the surgeon slides inner retaining el enment 664 into. helical 20
anchor 662 thet thapateatachdd teand tdchelsorba a0 et asiart ateutird 1arg] dwel i cal

anchor 662: To lock the assenbly into place and to expand outer retaining
el ement 664HoWv WiddiadledBEl Fie17ANIYN fsb\.té%fnﬁd%’l 14 pLeraaery, sl des. i nner
16 shown in Fig. 17B, the tab button 136 has a cwcular shape, and mcludes a
- central portlon 142 and a circular flange 144, The central portiorj 142'and
" flange 144 include a slot 146 which allows:tab Button 136 to be easily
placed en suture 118., When. tab button 136 is tn place, the flange 144
~extends radially outwardly of the sutu_.'re't 18; ehown most clearly in Fig.
20 17. The tab b‘utten 136 may inclrude bqrrs 148 which elxten.d generally
outwardly from the suture 118 ehd serve to keep the tab buttons 136 in
place and distribtJte the axial !oald'i. Once the-fir'sttab button 136 has been

placed, a 'second, third, and fourth tab btJtton 136 may be similarly placed-

using a similar method for each suture 118.



retaining element 664 or, alternatively, rotates inner retaining el ement
664 into outer retaining elenent 666. This sinultaneousl yniﬁpﬂ._gggmguter

WO 01/2857 -71 0 8 APR 2004 PCT/ US99/ 2. ~098 retaining ele t hr ough
the activp®mopiss§l ots 672 and contracts the | eading end opci/gRfdRt ai ni ng
el ement 664 through the action of slots 670 and a tapered inner surface 680
of outer retaining el ement 666. Thus, if-the position shown in Fig. 57,
apparatus 660 is ready for use in accordance 5 with the inventive concepts
to repair the tendon The tabdeitien {1 Sfdoay sdsprbaused avith@odifferaiiton usi ng

el ongate tensile nenber 668. Fig. 58 illustrates an alternative apparatus
690 agai n embadimegtaftakistalreansshowreinbiéigs 6982Aat8Da Inahai ni ng nenber 694
each connected for sliding novenent along an el ongate tensile nenber 696.

10 Retai ni BEITRRNt 594 pIIBEYn A $RGAb idhiskg. ' al | owi ng
retaining %ﬂb&l‘ 68}1 topbe rr‘ot atrcqabtzf“i&ﬁ%gpﬁgléilggﬁgnm% k%&%‘?’ﬁ@%nbodi ment

illustrate : f. Vi i Qupter-ro i on, or. b ut of retaining
rember 694 14 B eaedin BpF §ERlsr T 8L R Al 20 A ieeoR R s hodficner
structure 700 is disposed at a trailing end portjion of retaining 15 nenber
694 for endgiNgditeqtion ef §H8W6'92Fa{90?8ﬁelT%PP'HWF“M?J 5sha%fai ni ng
menber 694 is rotated into helical anchor 692, ratchet structure 700 wl|
engage tr aifirsthen@® B97hetfissperd d52 efospliteandrsitatd dh00F didded intogge menber
694. Fig. 59 illustrates two helical anchors 702, 704 in which the 20

hel i cal coiflrst pare 154 aht GC¥ssbry pard 1S, WV splRiehd®nube186dg in the
various enbodi nents of this invention to better interlock the helical

anchor St T yeddita Wich hehlicn 101 QRe i AeBaTe 153 afX QIR Ry B {5 aRe hel i cal

anchor 702 may initrally rotated into the tendon a sequently, the
second helical_.anchor, .704 ma r ot at [ N i ht er,| ocKki fasphpon with

The Tirar CORVRRERBNDA oI PP BT ekBa R B8R R ehad okl T8Rchor . 702.
The assenbly is then used in accordance with the invention, and with one or

nore dibngdbeethensiGap haRthassa sharpeend 1 B0 terallew sapndft to pengiratee a t endon

under tension during a repair as generally described herein. Alternatively,
the coils daéndortNO6.702%ter Tbd sptiyy edd isnture | 1&ckand cap | 1B& redchdamr ect i on as
shown in Fig. 59 without actually having the coils of one anchor rotate

into the cappfogHateliepthhele spirhedd sdtues 160is Mitisdradireim e dldctionadf ve
apparatus 710 in which a flexible helical anchor 712 is wapped around an
internal rghalHdg sHBURER Fig. 18B. The split end suture 150 is withdrawn only
to just beyond the cap 158. The split end suture 150 is then pushed in an
15 inward direction as noted by the arrow in Fig. 18C. When the split end
suture 150 is pushed, the first part 154 and second part 156 split apart
and eventually break the exterior surface 138 of tendon 106. A fifth and
sixth tab button 136 are then attached to the first part 154 and second
part 156, respectively, such that fifth and sixth tab buttons 136 are
20 attached to and at least partially circumscribe the first part 154 and second
part 156, respectively. The same operation would apply on the second end
(not shown) of the split end suture 150, which is substantially the same as

the first end 152 of split end suture 150. The second end would simply be

inserted into the second side 124 of tear 104. Other considerations which



714. Helical anchor 712 may be fornmed fromsuture nmaterial, for exanple, 10
that is one in the sane with an elongate tensile nenber 716 used in
accordance with the inventive concepts or which is separatd & ABR 20%

el ongat eyt £HSsh& menber which may extend through a centrgérp90@ibdsdi nal
aperture (not shown) within retaining nenber 714. Leading and trailing hook
menbers 718, 720 may be provided for gu#8itng helical anchor 712 at 15 the
ends of retaining nmenber 714. Fig. 61 illustrates force vs. displacenent
curves for hedilddle misiaat asppratathesspiit enHesytures @h0 showdthideatlyase conpared to
conventional Kessler repair techniques. The helical anchor repair apparatus

repr esent ed jddarfelddsudhltha® HafiSHoR Extandshintd @agi eI Girse Bideof 22 1atd seedndThe
Kessl er 20 stitch techniques were perforned with 3-0 Vicryl sutures and

sier 2 ques w _ res and
The or aph aSREnLEraPad e P U8R 2R Se R I AR oo B L AT

gappi ng between, the tendon se nts at Jow | evels, of tensile for as
conpar ed toaPHEt”bef‘?lﬁté‘P"%%hif?t tr‘ﬁ@teu"rt'ég %ﬂﬁiheqfo%aﬁpﬁteé‘ﬁs?“ft@r%é er of
the present 0 8 APR 2004 WO 01/28:157 -73 PCTI U599/ Z~098 i nvention. In

ot her w8 ds)shohld beMitin thederdan 306t hEhgtak buttopaviedfi MeRd With tBesPHS n nuch

hi gher levels of tensile force without significant anmounts of gapping
occurring benhdesnuteh¢50 aneahe sadke asthosepacatiohed ehdiekansl maydnciuda
techni que. For this reason, a patient who has undergone a repair 5 using

the present fja%ggqiﬂfqpo,cﬁurhqug_go more imredi ately and vigorous physical
therapy than a“patient having a Kessler stitch repair. Utinmately) the

patient will experien a i ck recyerl Vit i ility proxinate
the repair site usi ng%ﬁﬂgng eoé%ﬁ{’ Fir'q(:‘ve t%'h'.w Eﬁg%gﬁf ?&@?{é{n‘ess'gan
alternative enbodi nent of the inventiagon 10 wherein an |nt e,gr al . ﬁp ar at us
730 conpri sEEOWN.ehBE LEANFURINE Pution 104 i§ AR Laed d coqiungtioRoVY ) 736.
Anchors 734, 736 are coiled in opposite directions such that rotation of
appar atl@®s 730tanesa B3.rigserted peciesoribed pbove.uJbherHsansvarse buttioont623as 736 to
each rotate into respective opposed tendon segnents 738, 740. Apparatus 730
may be for mg@owr ih Figl 19Ws id atideBeees aof partigilgicirguntsctibesiabfidst syturei t abl e
for the repair site. Retaining nmenbers (not shown) in accordance with the

T L T
O£ e PLESS UR N ) RO, AR BB ST AP, +sc
my be | nserr}a?tc'lialiyngi?cfm;cﬁ'?t?eosna ?,Qc?fﬁdhsmrg u1g|hs gnélM isng\?vvggzgzdr crimped onto
15 the second suture 118 with a swaging tool, such as tool 140. In this
embodiment, the transverse buttons 162 are attached to each other by a
telescoping mating pin 164. Attached to one of the transverse buttons
162 is the male portion 166 of the pin 164, and attached to the other
transverse button 162 is the female portion 168 of the pin 164. The male
20 portion 166 and the female portion 168 are pushed towards each other
through tendon 106. When male portion 166 and female portion 168 reach

each other, they ratchet and lock, thereby causing one of the transverse

buttons 162 to be attached to the other transverse button 162.



whi ch may be triangul ar-shaped as previously described. Retrieval device
750 nore specifically conprises a rotatable shaft or rod 7@ﬁ W?@g a
helical retrieving nmenber 'i 56" at one end and a rotatable kno 8 08
APR 200 WD0m§48857 PCT/ US99/ 2. 4098 . -74connected at anPEpp683348%end. Shaft
or rod 754 is contained within a hollowdnner core 760 which, in turn, is
contained within an outer core 762. Anti-rotation nenbers 764, 766 are
preferably provi ded wthj I ed from
non- operati ve posi ti\gfnr{se %%oggtﬂﬁgmgglejég%?%r ogq%tz?%gge’rs‘ﬁ%ﬁﬁeiﬁcwgé 63. This
is acconplished by reciprocating a.kngb 768. back_and rth en, knob 768
is moved t QYRS F £Y nglitré‘?/\éﬁg‘\rﬁ itgel]. Bning,fa Figs: @b&a%@bﬁréf‘ﬁti on
menbers 764, 766 into the tendon sheath 770 to prevent rotation thereof as
rot at abl e kawsbre7530iigcludps bgtheni 73, wdtich servent® sesusel thenaeturey! 1@ apdt at e

hel i cal menmber 756 into 10 tendon end 772. Once helical nenber 756 is fully
rotated i ntdistridutetheasial oad. kniien7Hhd barpet supueseld7Q ard imsertieghihto as vi ewed
in Fig. 63, to retrieve tendon end 772. It will be appreciated that
retrieval dexhGs 16W afbsbindPabdveE dnbhiBRY AUET B85 8BMJIBRNLESEARGsSt ent

wi th the concepts disclosed 15 herein. As one exanple, device 750 may

hel i cal morder caBulen! 7aitioghELAlar RSk el el AT BbleBl ' °

di scussed above with respect to tendon-to-gon_e and tendon-to-tendon repair
appar at us. WhER bespme atipchad o tendone! 98 PERE A RrAPSt RiaceBENL PNsE i n

whi ch inner and outer helical 20 retrieving menbers 776, 778 are enpl oyed
to count er -suttuee &70ris propertioplaced, 75 2hodni indhig 284t canhwia ki4 it ure (not
shown) will be enployed to counter-rotate helical nenbers 776, 778, thereby

el i m nat i NnGehfV@ANn4Hyaétandarhivag. tTige baibs £Y2lwillatien keep thbisagliieng to the
tendon end 772. 0 8 APR 2004 wo ov~s.ss~ s -75 PCT/US99/2~098 Figs. 67-71

11ustigte Piathplac 4 RELd ViRt U0 2700d BhodiPsiBbORRNbf henrerdd oY

i
enpl oyl ng a gous concepts to previous e I ment erein at |east one
portion of gn nchog.strﬁfture noves with respect to another to a position
at which t ngirgarony Q'trapped between the 5 portions and the anchor

structure is affixed to an elongate tensile nmenber. In particular, an
appar atus 800 is shovin alarmativsrinsialiation precess may s used in this

invention where a single suture has a needle on each end. In which case
the needles enter the central wound opening and each penetrates the

15 severed end of the tendon; the two needles moving in opposite directions
to exit at one of the window openings spaced from the wound. After each
needle exits the suture is tightened and the tendon ends are drawn together

by the structure and procedural steps described above.

Device uri Toin T to e

20 This invention relates to the use of a button as described
above in connection with a known bone anchor in order to secure a tendon
to a bone. Turning first to Fig. 21, a system is shown for attaching a bone

200 and a tendon or ligament 202. A bone anchor 204 is installed in a



menbers 802, 804 which may be crinped together and sinultaneously crinped
within a tendon 806 and securely agai nst an el ongate tensile nmenber 808,
such as a suture or other tensile nmenber as described abovg.g AER Baggh anchor
nenber 8Q42, 894, ncl udes respective long | egs 810 and resgecti ve short |egs
812 that regi Ster together in alternating fashion when i REOEpY&d¥8r el ati on
as shown in Fig..67 and as shown being -ggpl i ed t hrough opposite access
incisions 814, 816 in Fig. 69. Figs. 68 and 69 illustrate a tool 820 having

a pair of nbuleb2@5 16 thawsnd2200.8Xhyuskthd StamaRkd bBAE RAELIRNDRN %Q%Re 804 to
tendon 806. Jaws 822, 824 include respective grippers 826, 828 tor hol ding

h nmb ' | [oToLS¥-ToR [ LN.WElg. 69. furth
ot ail ed | oy oh e 4 ARRERE s R AR SRt stngifo a Bt gn wi i1

t he ends of I 10,,. 812 .0f.. t opposed anchor nmenmber 802 or 804. 20 A
clip 832) o?ﬁtté}?%@?@t ?‘&c?'l?r‘%ﬁ‘ "ﬁ'&ip'%‘l’p%) BUdiBE ANChOF bution 208 Fonttaghes: 802
and 804 in Ig_cfe un@)il the crinping operation is conplete. As shown in
Figs. 70 an flexible syre 206 and aj irpsy maphielhs cigoens@itesathe fedbight
together fromthe position showm in Fig. 69 to the position shown in Figs.

70 and 91, swyse 205. Fhe shiding drechbe foatrardsios werinrgeetheBE6MRIEN the bbREO t he
08 APR 2004 WO 01! 28a57 PCT/ U59912-1098 -76position shown by respective

pocket s 830andMort1@4 li®ilerRasasPivasi dBEAbLPRAATerlifED iort With Wd ! 1 ock
anchor nmenbers 802, 804 to the tendon tissue 86154" anaﬁé%oc?r{ewsnglem ically, to

t he tendon g IS ' . t ar.ea , of .nr,oxi mte short

| egs 812, aﬂ%ﬁgpqﬁé?}g&éﬁ%g?a%ﬁlé%@ﬁ%e @LOCo?ﬁH,Betan%r? gggi'rect ly onto

el ongate tensile menb.Fr 808. This_actjon is brought about by the tapered
angl e of grippers 826 Y§¥¥ AW 19 [ig: 2% &usesend gmbgdiment nyg'/'@(mpdﬂhng Fi gs.
70 and 71 which show the grippers in the sanme actuated position. In this
enbodi nent , PAEHLANENYY iseisEasedt Thiscembodimént istmost prderablynusad fikeinent t o
grip tendon fibers 834, but still allow sliding notion al ong el ongate

t ensi | €0 mertherteBAdn hisi agelatioély &AM crossaretibal sueh Bdor ERRABN t&MARY t hen
be pulled to a repair position by sliding anchor nenbers 802, 804 al ong

el ongat e { afifd hidstuigaRierdoS Addin | Bén BRSS! 204 §s ERAldd RYhbleofs e crinp
n

may be finished by further actuating tool 820 to e positi'on shown i
Figs. 70 ang a : nrepain, as with the previous
enbodi nent s, egb:]ogepgpp. oéﬁg%gﬁgé gﬁ%‘%g‘?goggﬂn%ﬂs %ﬁ?wﬂé”r‘;}ﬁi% freffixed to
tendon 806 in bre manner illustrated in Figs. 70 and 71, on one side of a
tear, and ttadle. ASPnIAteYAe GaRpblscotbeipgAtiaghed tora flasiblmpotiree si de
of the tear_followed by a final crinping action on a 20 second set of
anchor ment?Q6 &0 agewhad tadbeflexifile shitwre. 266 ds a taB-buttar 221 waiieh anot her
apparatus simlar to Figs. 67-71, but enploying a single anchor nenber 840
havi nd & espredudes blaohgy 2d4dextending generally parallel with flexible suture 206 and
radially outward on flange 211. Tab button 212 is attached to suture 206
as was described above such that tab button 212 is attached to and at
least partially circumscribes suture 206.
Another embodiment of a tendon to bone repair apparatus 250
20 is shown in Figs. 23A-23C. In this embodiment, apparatus 250 includes an
elongate tensile member 252 connected at one end with a bone anchor
254, such as by a knot or other stop member 252a. Bone anchor 254 may

be a conventional bone anchor configured for retainment within a bone

256. Apparatus 250 further includes a helical, compressible anchor 258



short | egs 842, 844. The operation of this enbodinent is simlar to the
previ ous enbodi nent, except 'that only one of the opposed jaws would 08
APR 2004 WO 01/ 2857 PCT/ US99/2~098 _77_ require an anvil S(pgfmgezgmﬁuch as
one corrpwosqﬁ ﬁﬁf7 recesses or pockets, in order to bend lfé’l‘?u fto a
posi tion sul e for tightly gripping tendon tissue 834 agal ns* el ongat e
tensile nenber 808 and al so tightly def-®nm ng | egs 844 substantially
directly against elongate tensile nenber 808 as 5 shown in Fig. 74. Again,
t hi s enmbodi gEHith Gaseenastaedanthartesdsnior Uigembav2BQ. an ratuthing member 844
with at | east one portion novable with respect to another for gripping and

conpr essi ngz%@”%%ﬁ'ﬁﬁ%ﬁﬂ@@d?ﬁb%@@ﬁ sl BUREATH this ket fimiene, f1 nal

crinping action takes ace, ‘anchor nenber 840 can initially grip tissue

834 and nove_al.on elon a er St

posi ti on V\/né?cee'ﬁ%’gﬁlof‘ﬁg% {Fpﬁé&?& ?Rger\@‘ ieh %ﬁ% %n@horonr?e%ﬁé'?e 8%8’a
securely against elongate tensile rrenb er 808 as _shown in As
further shoghidendews orme teaden 46Q asshome i Ha- 338, %i@c‘i'gg t”l*l%fﬁbﬁ'lrosed
using stitches 846, 848 or another suitable nethod. 15 Wiile the present

i nventi 6n haghibleemay bé wstnimpedeimpen 2fdsaceves alongfate hengileaihembed 252

enbodi nents and whil e these enbodi nents have been described in sone detail,

it is not tBRJISRHESHOWN Bh tbpefARRAIhRAthEember 26 Whete Gpon it idrdefvayed i m t

t he scope of the appended clains to such detail. The present disclosure has
been il ust f KeBAdrHb 16 RerSidMenttfer 4D td Rk t
singul arly é?tc}lw?pveg‘r?ﬁ(;%smecong% na'fxel'?%%;%l no'?gglo benfb%rrn ted by th etazﬁsl

provi ded her, Addi ti gnal vant ages, an .cations adily
appear to tH g@e tagetherapyith, A Pﬂ 'QJ} ?F‘%ﬂﬂ@ ﬂg@%@h"ﬁ YoEAns pt??'bena%&qrhe
present invention, along with the preferred nmethods of practicing the
present i nva@di.oAsduriber detaileg iRrfdon23Gatheoaempsensiale, balical anehgr?d8004 WO

Ol1/ 2857 PCT/US99/2:4098 78 _ this invention may be used alone or in
di ffereot covichaayphave The taperpd configheationvanshownidraghér stwfiguratiohy be
defined by the appended cl ains, wherein we claim
as detailed herein, traps fiber 266 of tendon 260 in a generally sinusoid
pattern between respective coils of anchor 258,
Another embodiment of a tendon to bone repair apparatus 270
is shown in Figs. 24A-24.C. Apparatus 270 also comprises an elongate
15 tensile member 272 connected with a bone anchor 274 again by way of a
suitable stop, knot or other method. Bone anchor 274 is fixedly secured
within a bone 276. A helical anchor 278 is rotated into a tendon or
ligament 280 and is compressible. Unlike the previous embodiment,
however, anchor 278 is inserted generally with its axis in line with the
20 length of tendon or ligament 280 and anchor 278 is compressible generally
along its length, as shown in Fig. 24B. When a retaining member 282 is
received on elongate tensile member 272 and compressed onto tendon

280, against bone anchor 274, this will compress helical anchor 278 in a

sideward manner as shown. A locking member 284, which again may be a



79 CLAIMS 0 8 APR 2004 1. Apparatus for repairing a tendon or |iganment, the
apparatus conprising: an elongate tensile nenber (376) having a | ength
adapted to extend within the interior of the tendon or liganent; a first
anchor (390,440) having an .interior with an inner surfagﬁéﬂﬁ.‘a'bﬁ‘fi rst
anchor (390, 440) being insertable intobihe tendon or lig t) ,
characterised in that a first retaining nmenber (410, 442) is positioned in
the interi gfip@f meahisler int&drapoCcsarar§@90oddR)aislghmiehater fA8eris tioén skd d t endon
or ligament are gripped wth conpression between said first retaining
menber (41 i, 0. : . i ' 2L O ho(B390, 440) . 2.
The appar atgagl%%'ogpgf%@%%”\?mr'}gggibﬁpég?@g% ?{tgiﬁaggﬁ]égﬁ%r%& 278) is helical.

3. The apparatus of,claiml or,.2 ei n.th irst. 4 258;278) is
coupl ed t o?BHP %%T’ gr@a‘[ne{aee%%sﬁ'%h ﬁﬁ%r'n?ié??%b '/g%ssﬁg&@ﬁéb#%‘ ?%Esé novement
along said elongate tensile nember {252). 5. The apparajus.of a recedi ng
claim wherlingasaitensiie Remier /4 ayteRdatarcYdmive ‘ieé‘t%roﬂ# H@)W&a“%ﬁge
received within said first halical anchor (390) for holding said fibers

bet wees sai2d &f gersdraligtadorg the lepgtiewise4kiy tremeofsandi fronr she keditodheanchor
(390). 6. The apparatus of claim5, wherein said first retaining menber

(410) incl yges, atlthbeaattheneliesl £omab s PR i@ d Atk trrdeqisest dehoe | ocked
onto said elongate tensile nenber (376). AMENDED SHEET 08 APR Zoos so 7.

The appar abis, Bfod (B85ed0, ) 2D YBSEEL M RRb F4 3y bREA! N remher

(410) incl udes a . sl ot to allow it to be coupled onto said el ongate

tensile nepber (376). 8. The ) t.us of any precedi claim further

i ncl udi ng eF‘HEé’i’-ﬁB% r‘ﬁ@ﬁﬁé’} a@&%@?%é%'”fa&?e%?‘%{ E’&“&%ﬂgapﬁ?‘&?{‘ ¥&ai ni ng
menber (422) onto said elongate tensile nenber (3765. 9. The appar at us of
clai m 8; whiembr trapaing poeharnd/ 4 et tengwEyophdamant 489 466) is slidable on
sai d el ongate tensile nenber (252,376) to enable adjustnent. 10. The

appar dous of cl ai m 8 AgrotBer svheoeimmersed 3D fd stsdwn ét &igni 2i0A néydparatus
(262,282,422) is slidable.on said elongate tensile nenber (252,376) to
enabl.e adj g9onEdthpridds ahBonfRpasadiksmembar 2 20§uitdbd BBnBeckdd tofzer ei n sai d
| ocki ng nmenber (284, 284,41 Q 422,466) is integral wth, or separate. from

said 177 st ubbaohBe J0nhet, 260 28 41 Qloplarering ApRAbRLNSE any of

clainms 8-10, wherein said | ocking nenber is a crifnp menber. 13.

The appar at us, of - precedj ai 1er e n. t.h eLker . Sul of said
first ret aF}ﬁ%H&d %)ra?%ﬁg?ggﬂﬁ F%%iléggeosn I ﬁ]ﬁcgbgngﬁéragb?bvg}%ﬁ ?ﬁgﬂol di ng
said fibers between said first retaining nmenber &442’46\% _agd igl d first
heli cal anBheieferably comprassibipeangpageitarsobelendatetearsyleiRemeeh 24t d -
di sconti nuous surface (442) conprises a serrated edge. 15. The apparatus of
cl ai m§3, wheteining aianbeésddnis alsousceived anes! i@ty teosir insawardads.
AVENDED SHEET. 0 8 APR 2004 i3 i 16. The apparatus. of- any preceding

claim wheggishosai th PigorEEX e Lbekiah reemBaRe in ¢3Y Brnabi Brejactibrise2 @4 aj ng
menber (472) include respective engageabl e portions far hol ding said

retaining paERen da ke AisfdsH8 I E6hPLRENd UD ALRAYeF8tH igrongdhg tensile
menber (376). 17.” The apparatus of any preceding claim wherein .said
el ongate tensllRoa, 3026, 302¢ within retaining member 302. Apparatus 290 is
used in a manner similar to apparatus '2,'50 shown in Figs. 23A-23C, except
20 ' that after helical anchor 298'-haé been rotated into a tendan, retaining
member 302 is pushed or rotated simultaneously with helical anchor 298 if
anchor 298 is attached to retaining member 302, and locked onto bone

" anchoj 294 through the receipt of projections 294a, 294b, 284c

wit‘_hin the respective slots 302a, 302b, 302c. .The insertion and

retainment of helical




menber ~( 252, 376) further conprises a flexible suture. 18. ~ The. appar at us~
of any preceding claim wherein said elongate tensile menbEr ﬁgﬂu further
conprises a rigid nmenber (20). 19. The apparatus of any. pr ge i él aim
wher ei nyeaiiAsghongate tensile nmenber (376), or said firmdriesyshmos (258,
390), or said first retaining nenber (442'') conprises absorbable material.
20. The apparatus of claim1, wherei n"&}id first retaini ng nenber (442')
further conprises a helical structure (464). ﬁl. The ag aratus_of cl ai m 20)
wher ei n sa#icharr298 veithingr tendaa ofilledmend B hiaRy aRtAgseH '34%3“'&?@ sized to
be received one within the other, or vice versa. 22. The apparatus of claim
21, wher ei singhi surbioas stemif Heticél48@hor 2 SBoisatnnnectem fersrodaddor avith i r st
retaining menber (474)) or vice versa. 23. The apparatus of claim 21,

wher ei N sajdafiifs meMEero80£ 414 2hik daseCRlr @hples ravatibhrofsatalninigr st

retai ning nenber  (440), or vice versa. 24. The apparatus of claiml,
wherein said firs i Al r I j

surface, amfrg%{rdé?‘?r%rsaﬂ %@ﬁgﬁgﬁ&{éégg%:‘8"?%‘1;&2{%?&@?%@ﬁgﬁgnggbgce. 25.
The apparatus of clgi m ZAH wher ei n sgi% out er surfgqlce i s discontinuous and
i s adapt edligdmephand ok tHeasemkionte PORE ANCNPE 2% hchor (440'). AMENDED
SHEET 82 0 8 APR 200 26.' The apparatus of claim1.,wherein sa'ij first
anchor (712) is fornAaothasmnbediment of @ teNdoRdoINg repdy a:ﬂﬂa(ﬂa?'@t% Qi ng
menber (714) is adapted to be inserted into said tendon or liganment with
sai d flexi [ ehewhunFigre2®Bi ah agpsmosed 10emerabhgateciensié meraberud 1248 d
retaining menber with said fibers held therebetween. 27. The apparatus of

clai m 26, whereldhidhdd WitDaYoRe #RRbF 8 1AEBParsuitabf methbdr steh &s am
flexible suture material. 28. The apparatus of claim 27, wherein said

or cat or t oRePt 812 chihensidl TR REROSREY S of oA RTleaph,] '35

The apparatus of any precedi l.ai m wherei he diameter of said first
anchor 2589990)W\Wa'f‘i%Q°B%S’xﬂ£ng‘|'b?§'&?hﬂ‘cj}?d ﬁ%i‘ﬁ (985" Td" e&?_g e
apparatus of claim33, wherein the dianeter of said first anchor (258, 390)
ei t her dectessiesmemben@lised ivadanted tothe rasatadhigtaddtendan 34y ends. 31.
The apparatus of any preceding claim including a bone anchor (294, 374)
coupl ed t 0 Helicdl SheHdrB® id esnriicked oealretaifid@2nadier 322 inTthés appar at us of
claim31l) in which the first retaining nenber (322) is adapted to be
retained aten%&ﬁh%ﬁ&%ﬂngg«rbuen,a%eeﬂarﬁaaudoreih@émteowwolne Aegbieing(312) to
r

hol d sai d bone ancho ), Said elongate tensile nmenber (312) and said

first anchor 18) .toget.her with sai. don . uﬁ%n gai nst said
bone (316) ."@%‘. efr 3_"'&1%?&?&5'"0?3!%3%@% %r%r@'&f H er el E\s @1%8%#' taini ng
menber (322) and said bone anchor éggﬁ% i ncl ude C\(,)O er%tlngnép kltgg

porti dfs ( Fomaegdouitl retgining MRS ks AIRARPVEPPIPOSUPEN T I {S anchor
(318) held generally therebetween. AMENDED SHEET Q 8 APR 2004 83 34. The
appar at us afttaonedofordigairatiors lapparatup 14 is ey Pimdeatn PRBAMMEWHEPO( 342} is
sized and configured to be received at feast partially within said first
anchor (33&howA®in Fighh@3appacauith hefical ariaho8 4 1 8wbeingi trapped idtitim e | ocki ng
menber (34-4) is coupled with said elongate tensile menber (332) and is

adapted to iflahdl ¥Dlerd SHerbdY BEingReReFalftsidusgametappéediveoweahong
said el ongat!taghtggrs%(?gﬁ?m%bér (332). g . Theal |gppar atus of claim 35, wherein

sai d | ocki ng nenber, (324: is integral with, or separate fromsaid
ﬁb%"r"s(‘iffg’!‘%‘g’i)%ﬁ@w

retaining . The apparatus of any of clains 33-36,

wherein said | ocking nmenber (324) is a, crj menher. 38. The.apparatus of
cl ai m2F wherein sai PRSE aéﬁ'@ﬁ P’e(t?‘?ﬁ%?'?{?g?eirgp%'f)ﬁﬁp@'?&%ﬁgg .839' The
apparatus of claim1, including a second anchor (420}. 40. The aE %r at us of
claim 39, wtrerwnin Figs 2fcdmpasatuh &3Q inghidessamelongate tensile feemae § 42 second
retai ning nenber (422) coupled to said elongate tensile nenber (376) and

oper abl e t ocdrHettadintasenablé raid manret26)bdre amitibrf3dessch that it may
be placed into tension. Bone anchor 334 is again affixed securely within a

bone 336. A helical anchor 338 is rotated into a tendon or ligament 340 in



41. The apparatus of claim39 or 40, wherein either the first, or the
second anchor (258,390, 420) is coupled to said elongate tensile nenber
(252,376) so as to enable its novenent al ong said el ongate tensile nenber
(252,376). AMENDED SHEET 0 8 APR 2004 84 42. The appar aj gsar® 28kt her of
cl ai rs 4&0o01/28457 wherein the respective first or second pet/usmiys menber
(262,422) is also coupled to said el ongate tensile nenber (252,376) so as
to enable its novenent along said elongate tensile nmenber (252,3T6). 43.

The appar at f i - rein i d first ond anchor
(258; 390, 425?“%’2”%?%‘?@ 'Eé?b%@%%ﬁﬂm’r%éamﬁé olfh%g%p%géé&s‘ﬁé' I any of
clains 39-43,. V\hetgéaci_n said first and second retaining nenbers (410, 422) are
configured S EERRAIMEd: hpWeyeh |3 (etpiBing TeREr $¢ 4 IS REovidad krtatyeast 1 st
and second anchors (390, 420) for holding respective portions of said

fi bers ther phdiahinaertian withio anshar S3Favshewai im the assherbdéchcomditiohiafst and
second retaining nenbers (410) each include at | east one defornmable portion
adapted to Peg. |28:kFHisotraps Sibiets bbONEE! Fethitivsg heermberh®4 2 (aAd2hd Wlls o¥6. The
apparatus of claim45, wherein said first and second retaining nenbers
(410) ~egch | 41083 ht: L

el ongatg teh@ﬁ e neﬁb?ﬁ)é(ezééz%g%% FTQBél”?"héT e?g%%g?%l}g@gy\%ﬁaﬁﬁb@éﬁ?ﬂ)rrt her
including r ective | ocki ers. (264, 284' 466). for holding said fist
and second gé@a?d?ﬁ@"ﬂe@ﬁ@ﬂ%’%;%@'ﬁf‘ﬂ% SH“E%qfanéﬁ %’nﬁ%ﬂaéafteeﬂgm emenber
(252,376). 48. The apparatus of claim47, wherein each said | ocking nenber
(264, 284, 4et9taining MmeraBe344. s5llY entonglangatectiassile mamber 382smaiEs) to

enabl e adjustnment. 49. The apparatus of claim47 or 48, wherein said first
and second rezamimg mpmeebddd FrRiodrirdped 4729 temsilesieddier 838h kahdudd bagat e
tensil e nenber (252,376) to enable adjustnent. AVMENDED SHEET 0 8 APR 200

8~ 50. The RCRited thht, adlthodighCthei diendate48nsitd Afephivers @fdthkocki ng nmenber
(264, 284,466) is integral :with, or separate fromits retaining nenber

(262, 448) . PR, Of j 7z ' ' cki ng
menber Jr?4663§'jnlbsu d-'gngrr\%orr%% n\ghgéﬂéss?é’ﬁsr%g %&a)féérsg?%ss%g reas\r{l\@ﬁéﬁéf 'ng ?gdllgr% lb§7 50,
wherein the exterior surfaces of said first and s con%.retai njng nenbers
(442, 462) i §1°(§F§k96‘gtt?'?ﬁ] egppery, YFhagimembRIFdNade SLPPIOMRALIE espect i vel y
between said first or second retaining nenber (442,462) and said first or
second anch@etglssg)theganayiaitegativielt be formed af mbsorbahfematerialsy @ne or

di sconti nuous surface (442) conprises a serrated edge. 54. The apparat us of
claimb52, whareiof thaiathdr sleomdrits wd thesatdraion (o1bdhe cepgir ammsatusrmagds. 55.
The apparatus of any of claim47-54, wherein said elongate tensile nenber

- (376), andamaith fdrivdd 8NdbSaeADIE matatial.ng menbers (472) each include
respecti ve engageabl e portions for holding them at desired positions al ong
said elongate tensile nmenber (376). 56. The apparatus of any of clains
47-55, wherein said elongate tensile nenber (376) further conprises a

flexi bb su o7. .The apparatus of any of clainms 47-56, wherein said

el onga ALIME 1 RRION HEPABARRATAWS 7 d first or second retaining
menber (442,462) , or_said first or second anchors (258) conprises
absorbabl e. materi al . 5Be inyentigipesrntenrlates fnither epbpidipents eftendeertern t he
di aneter of said first or second anchor (258, 390) varies between | eading
and trail i ngereluahsor BHAMNBEDtGHfdthent Cepirldppaz@tus. SborSdmplibiay apmigrtaeus of
claim58, wherein the dianeter of said first or second anchor (25$%, 390)

ei ther decr efesStePtiohn (s B3&E hefth WERBOHE pbRAS! Y ré@Néw of the general

procedure is appropriate with reference first to Figs. 27 and 28. When

20 faced with repairing a severed or otherwise damaged tendon, the surgeon
must make an incision to repair the severed or damaged tendon. Figure 27
shows the actual laceration site 350 of a finger 351 and the augmented

incision 352 made by the surgeon to gain access. After the incision has



trailing ends. 60. The apparatus according to any of clainms 47-59, wherein
said first and second anchors (258,390) are helically wound in different
directions. 61: The apparatus according to. any precedi ng(cd aPR 28fker ei n t he
first orwpe¢esdsanchor (258,390) has a drive portion (4Q@ra&kbe/sdaes end for
engaging a tool (392) for driving the anchor (258,390) into the tendon or

| i gament. 62. The apparatus accordi ng t®%any of the preceding clai ns,
wherei n respective engagenent between the first or second retainin menber
(646) and theerf masie the skée blaas rchare (eékez;ed:baeleéorsfatlld/l$teetllaat1tnm1g:frtgﬁber
(646) to grip.tfie elongate tensile nenber (668), whereby said anchor and
retai ni ng ngaragge carhedsurgebd vaill ratritasl thedbrpairhili tendah eegmeat 58 ongied e
tensile nenber (668). 63.. The apparatus according to claim62, wherein the
retaining '@émﬁgeé ®4%dort §hr%bgﬁ PTHRTIRYURE S R0 WP b c SRS hE Qa(rﬁééé in 64. The

apparatus according to claim62, wherein the reta| ni ng rre is of a

t wo- pi ece c IIet con C 64..666 f|70 udin interior
pi ece (664) a?ntf gﬁ gj}egfh ?6 iﬁ 46 %9% ?r esrj 9%3’3%"%% Vgee'rtrgﬂ? E'guses t he
interior piece to grip said eIo ate tensile nenber (668) and the exterior
pi ece (%72)°ttttee5zt9a<ama fnetoanse ?593t°§“aﬁaécti%ﬁaew'msea.%ﬁ
exterior piece and said anchor. 65 The apparatus according to any of the
precedi ng casitris rewievedi nThedistalt segmentg6/e wé tbe demeged tehdor iwilitalse second
retai ning nmenber (694) and the first or second anchor (692) causes said

fibers to bge tétieped ibahasamed mannandohgetthertehdensuidndghsve beenir €
(692a, 700) to prevent sai d retaining nenber from backing out of its anchor.

AVENDED SHEELievdl 8 %ﬁM%F@weGQB rk\f‘y%‘)ﬁ%aﬁh' é%%ct%i}rg:ic?gnlé/owﬂﬂy of the

precedi ng clains, er ein ITst or 'secon one of two

i nterl ockin i cal anc 7 arat for, repai,fing a

t endon or ﬁ@%‘!ﬁﬂt% §6§4I ﬁpgqﬁgl?té PB?&%‘? 'Bf‘t ﬁ'@ttﬁvﬁ"ga tbFl’eCtl on;

t he apparatus conprising; . an elongate tensile nenber (732) adapt ed to

ei ct en'EOV\n t ¥endossegneeg ot &r 362 jagether withPutriameaing the tips 3 theonf i gur ed
for insertion~witliin the interior of said tendon or |iganent;

char act er i sethdon whith swistl bari@iptras t¢aitda ‘t&)asapesdihlleitoajromuiemofgdamdi in
arfferent directions. 68. A tendon or ligament end retrieval device

conpri si ng: repirel ongat e body (762); a helical member (756) coupled to said
body (762) so as to enable relative rotation and translation therebetween;

. at least one drive I (

effecting said rot atigﬁﬁ%bg?bcss?g&%’nmfﬁrahg g‘frla% n@ﬂ ﬁ@g?ﬁgo‘zﬁg {e into
said tendon or i nt end and for effecti n rar]slatio to . nmove

sai d tendon I'I?rS‘I"ir RE agatPmy and ansfuation ‘??gsé‘clisl PiaSHOTIRNCeA devi ce
according to claim®68) wherein said body i ncI udes antirotation structure
(764, 76%) owith Wesinyentipp. acsessrigeigiong 344 ef ebaEbA-DEM inj lgaginis made) when
said end is retrieved. 70. . A device according to claim®68 or 69) wherein
sai d body (afoxirnateby [268/camdiroinh ¢lxé tdcerated. entisd2i0,c@7 206 ahelitegdern cl ai m C8
or 69, wherein said helical nenber conprise first and second helical bodies
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Ul c”a] ca] ca]ca] ca] ca U] c”a] ca] ca] ca] ca] ca] ca] cal] ca] cRa]ca] ca]ca]caljca *jA
segment 362. Once the suture 376 is placed lengthwise through the

tendon with a needle 378, the surgeon places an anchor system of this

invention into the tendon body.
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10 member 376. The surgeon slides retaining member 410 along elongate
tensile member or suture 376 until reaching the position shown in Fig. 33.
This traps and compresses the collagen fibers of the tendon between
retaining member 410 and helical anchor 390 in a manner to be discussed
further below. When retaining member is firmly situated within helical

15 anchor 390, the surgeon can deform a rear crimpable portion 414 as
depicted in Figs. 33, 34 and 34A. In this regard, Fig. 34 shows rear
crimpable portion 414 in an uncrimped state, while Fig. 34A shows
crimpable portion 414 in a crimped position securely affixed to elongate
tensile member 376. This fixes the anchor structure, comprising anchor

20 390 and retaining member 410 securely to the fibers within tendon
segment 356 and also affixes the anchor structure to the desired location
on elongate tensile member suture 376. Upon completion of this step, the
surgeon moves on to tendon segment 362 and applies a similar procedure.

to affix a second helical anchor 420 and retaining member 422 to the
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10 - It will be.understood-that other manners of locking a retaining
member, such as members 410 and 422, in place may be used instead of
- crimp members or deformable portions Qf the rétaining'ménﬂber;. A.s- S
shown In Fig. 35, Oppqsit'e ends of sutﬁre 376 are cut at Io;:ati'ons" close to
.the' res-pective,reféining memEers 410, 422 and access incisions are closed,
15 such as by using sutures l4'24,. 426 or ahothér accept_able-method. _Finally,
‘a running suture 428 is plaéed at the.jun-dtion of tendon ends 370, 372 or,
" ‘again, another a‘clcgpta.lblé connec;tion metﬁod m'ay. be used.
Fig. 36 illustrates an alternative helical anchor 440.‘and
retaining member 442 connected to elongate tensile member or suture 376
20 and held wi-thin tendon segment 356. Fig.-36 further illustrate,s-the.-.
“benefits _Olf the invention in rﬁore .detail.. In this regard, fibers - 444,
W'hich extend lengthwise within tendon seg-rﬁen.t 3586 Have-been engaged
within coils 446 of anchor 440 as anchor 440 was rotated into place as

previously described. This engagement will occur generally in a sinusoidal

pattern as
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fibers 444 between retaining member 442 and helical anchor 440 and
prevent retaining member 442 from backing out of helical anchor 440. An
integral crimp member 450 is disposed on a trailing end of retaining
member 442, A separate crimp member or other locking structure may be

used in its place.

Fig. 37 discloses another alternative embodiment including a

helical anchor 460 and a retaining member 462 adapted to be fixed into

place on elongate tensile member 376 in a manner generally similar to the
previous helical anchor embodiments. In this embodiment, retaining
member 462 includes a discontinuous outer surface in the form of a
threaded surface 464 which provides an anti-backout function and will
allow gripping of the tendon fibers as retaining member 462 is rotated into
helical anchor 460. A crimp member 466 may be provided to fix retaining

member 462 in place as previously described. Also, suitable flats 468 may

be provided for tool engagement allowing rotation of retaining member 462.

Figs. 37A and 37B respectively illustrate another alternative
embodiment of a helical anchor 460’ and an anchor structure comprising a
helical anchor and retaining member 460, 462’. Helical anchor 460’ has
opposite, tapering but blunt ends 460a’, 460b’ to allow insertion into a

tendon at either end 460a’ and 460b‘’. The biunt ends 460a’, 460b’ will
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5 leading end 462b’ for entry into helical anchor 460’. An outer surface

462c’ is discontinuous in a convoluted, generally helical manner to
generally register with the coils of helical anchor 460’. Thus, fibers 444
will be retained during use in a geherally sinusoidal manner between the
coils of helical anchor 460" and the convoluted outer surface 462¢’ of
10 retaining member 462’. Finally, retaining member 462’ includes a central
(
aperture 463 along its longitudinal axis for receiving an elongate tensile
member such as the previously described suture 376.
Figs. 38 and 39 illustrate another alternative embodiment
utilizing a modified elongéte tensile member 376’ having barb or ratchet
16 structure 470. Ratchet structure 470 is engageable with an inten:\al portion
472 of a retaining member 474. Therefore, as retaining member 474 is
moved into helical anchor 460, the interaction of structures 470 and 472
will prevent retaining member 474 from backing out. This therefore
provides an alternative locking structure for holding retaining member 4I74
20 against anchor 460 with tendon fibers trapped and compressed
therebetween. As further shown in Fig. 39, retaining member 474 may be
formed from absorbable material, such as polyglycolic acid or
polyglyconate. As retaining member 474 is absorbed, more tensile force

will be experienced at the repair site as retaining member 474 will tend to
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trailing end to a smaller diameter at a leading end to assist in threading the
anchor into the tendon tissue. However, it will be understood that many
other configurations are possible as well with a few of the possibilities
illustrated in Figs. 40-42. In Fig. 40, helical anchor 480, shown in cross .
10 section, has a varying diameter along its length and an axis 486 which is
not parallel to elongate tensile member 376 during use. Also, tensile
member 376 travels partially within the coils of anchor 480 and partially
outside of the coils. In Fig. 41, a similar configuration is shown, except
that tensile member 376 is contained entirely within helical anchor 482 and
15 anchor 482 has coils of approximately equal diameter along its length. Fig.
42 illustrates an anchor 484 that converges in diameter centrally from each
end.
Fig. 43 illustrates another embodiment of the invention
wherein the elongate tensile member 376 is retained by a wedging action
20 between a retaining member 490 and a helical anchor 492. Retaining
member 490 may have a serrated or otherwise discontinuous outer surface
494 for assisting in wedging and retaining elongate tensile member 376

against tendon fibers 496 and helical anchor 492. Again, the number and

density of fibers 496 is drastically reduced in Fig. 43 for clarity.
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speed the healing process and result in strengthening the repair site.
Figs. 46A-45C illustrate a further use of absorbable materials
10 for helical anchor 440’, retaining member 442’ and elongate tensile
member 376’‘. In this embodiment, each of the elements will gradually
absorb as shown progressively in the figures such that the function of
transferring more tensile stress to the repair site is accomplished and such
that the repair apparatus as a whole will fully or substantiaily absorb into
156 the tendon after it has fulfilled its repair function. In this embodiment, the
absorption rates of the different components may be varied by using
different materials. For example, retaining member 442’ may be formed to
absorb faster than elongate tensile member 376’ or anchor 440’ such that
tension is, at first, gradually transferred to the repair site. Then, after full
20 healing has taken place, the remaining components can absorb into the
tendon, removing all tensile reinforcement from the rebair.
Fig. 46 illustrates an alternative embodiment of the invention

comprising a compressible, helical anchor 500 receiving elongate tensile

member 376 and adapted to be retained in place within a tendon through a
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tensile member 376, such as a separate crimp member 5602 or an integral
or attached crimp member associated with helical anchor 500 as shown in
Figs. 47A and 47B. It will be understood that many other potential locking
5  structure may be substituted for crimp members 502 and 504 as long as
the ultimate function of compressing helical anchor 500 is accomplished.
As shown in Fig. 47B, when crimp member 502 or 504 is fixed onto
elongate tensile member 376, an elongate tensile member 376 is pulled in
the direction of arrow 506, toward the repair site, the coils of helical
10  anchor 500 will compress and secﬁrely engage the tendon fibers therein.
In this manner, helical anchor 500 will be locked onto tendon fibers 508
and the tendon segments may be pulled together at the repair site in the
manner described above.
An alternative crimp member is shown in Figs. 48A and 48B.
15 In this embodiment, crimp member 520 comprises first and second
movable portions 522, 524 connected at a central portion 5626. Crimp
member 520 may be received on and slid along elongate tensile member
376 in abutting relation to a trailing end pbrtion 500a of helical anchor 500
and crimped against elongate ténsile member 376 by squeezing ends 528,
20 530 together as shown in Fig. 48B. A nub 532 and opposing recess 534
may be provided to help retain crimp member 520 fixed against elongate
tensile member 376. Opposite ends 536, 538 may bear against trailing end

portion 500a. In this manner, the assembly may be used, for example, in

the manner described with respect to Fig. 478B.
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An alternative embodiment of a repair apparatus 550
incorporating an elongate tensile member 552 and a pair of compressible,
helical anchors 554, 556 is shown in Figs. 49A and 49B. In this
embodiment, elongate tensile member 552 is initially comprised of two

5 suture segments 552a, 5662b. As with the other embodiments this may be
USP No. 2 suture. As in the previous embodiments, a crimp member 558,
560 may be associated with each compressible, helical énchor 554, 556 or
the respective tensile member segments 552a, 552b may be connected
with anchors 554, 556 in another suitable manner. The two tensile

10 member segments 552a, 552b aré threaded through a central crimp
member 562 after being introduced th}ough respective tendon segments
564, 566 preferably through respective proximal and distal windows in the
tendon as described abovg. Tensile member segments 552a, 552b are’
pulled taut through central crimp member 562. This simultaneously

15 compresses helical anchors 554, 556 and pulls tendon segments 564, 566
together to a repair position as shown in Fig. 49B. At this time, a
conventional running suture 568, or optionally an adhesive or other
acceptable method, may be used to connect tendon segments 564, 566
together at the repair site.

20 Another embodiment of a tendon repair apparatus 570 is
shown in Fig. 50. Apparatus 570 utilizes an elongate tensile member 572,
such as a suture comprised of one suture segment looped through a
plurality of, for example, four compressible, helical anchors 574, 576, 578,

580. In this embodiment, separate crimp members at each helical anchor
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embodiment of Fig. 49A and 49B, pullmg the two ends 572a, 572b

5  through central crimp member 5682 will simuitaneously compress each

helical anchor 574, 576, 578, 580 and bring tendon segments 584, 586

together to a repair position at which points ends 572a, 572b may be cut

and a running suture or other final attachment method may be employed by

the surgeon to complete the repair.

10 Figs. 51A, 51B and 52 illustrate an alternative manner of
employing helical anchors to connect a repair apparatus to tendons and
ligaments. Specifically, this system employs first and second helical
members 590, 592 with at least one of the helical members 590, 592
being movable toward Ithe other to trap and compress tendon or ligament

15 fibers 594 of the tendon or ligament 596 therebetween. As with other -
embodiments of the invention, a suitable locking member, such as a crimp
member 600, may be used to connect elongate tensile member 598 for
movement with anchor members 590, 692 such that tendon segment 596
may be pulled and placed under tension with elongate tensile member 598.

20 In the specific embodiment shown in Figs. 51A, 51B and 52, a magnetic
impulse generator 602 is connécted with a magnetic impulse supply unit
604 disposed around the patient’s finger 606. Analogous systems are

available from Maxwell Magneform® in San Diego, California. When a

magnetic impulse or impulses are supplied with generator 602 this will
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collapse first helical member 580 onto second helical member 592. To
accomplish this, for example, first helical member or outer helical member
590 may be formed from a magnetic metal material, while second helical
member or inner member 592 is formed from a non-magnetic material and,

5 therefore, does not deform through the application of an electromagnetic
impulse. As with several other embodiments of this invention, this again
employs the general technique of providing two portions of a tendon or
ligament anchor structure with at least one portion being movable toward
the other portion to trap and compress tendon or ligament fibers

10 therebetween. Furthermore, prior to crimping of member' 600, crimp
member 600 may be moved along elongate tensile member 598, after
collapsing outer helical member 690 such that tendon segment 596 is
moved to the appropriate repair position at which point the surgeon may
crimp member 600 to retain tendon segment 596 at the repair position.

15 Fig. 51C illustrates another alternative embodiment similar in
concept to the embodiment of Figs. 51A and 51B. In this embodiment,
however, an inner retaining member 462’ can comprise a solid core
member, as opposed to a helical member. Retaining member 462’ can be
formed of absorbable or non-absorbable materials. Retaining member 462

20 is preferably threaded over elongate tensile member 598 after insertioﬁ of
outer helical member 590 within tendon 596. Initially, outer helical
member 590 is in an uncollapsed or expanded state, as shown in phantom
lines, and receives both elongafe tensile member 598 and retaining member

462'. After insertion of retaining member 462’, one or more
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462'. As further shown, retaining member 462’ may include an outer
5 discontinuous surface, such as a convoluted or threaded surface 462¢’ to
help retain, grip or otherwise engage fibers 594. As necessary, a locking
member 600’ may be crimped or otherwise locked onto elongate tensile
member 598 and against retaining member 462’ to lock the anchor
structure, comprising retaining member 462’ and helical member 590, to
10 elongate tensile member. It will be appreciated that locking member 600’
may not be necessary in any given application of the inventive éoncepts.
Figs. B3A-53C illustrate another alternative embodiment of a
repair apparatus 610 employing generally similar concepts to the
embodiment of Figs. 51A and 51B. Specifically, in Fig. 53A, apparatus
15 610 is employed in a tendon segment 612 and again includes an elongate
tensile member 614 connected with a first helical member 616 by a
suitable connector 618. A second helical member 620 is initially contained
in a hollow, helical carrier 622. Carrier 622 has a diamgter “D” which is
greater than the diameter “d" of second helical member 620. Thus, as
20  second helical member 620 is rotated into carrier 622, member 620
elastically expands to the shape of carrier 622 and is therefore initially
disposed or carried at a diameter “D". As further shown in Fig. 53B, as
carrier 622 and second helical member 620 are rotated into tendon

segment 612 through an access incision 624, carrier 622 is rotated over
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622 as shown in Fig. 53C. Upon removal of carrier 622, elongate tensile
member 614 will be effectively connected to tendon segment 612 and may
be placed under tension while, for example, pulling tendon segment 612 to
10 a repair position as previously described.
Fig. 54 illustrates an alternative embodiment of an apparatus
630 essentially employing a reverse .technique as compared to the
embodiment of Figs. 53A-53C. In this embodiment, a hollow, helical
carrier 632 has a smaller outer diameter “d", than the respective diameters
15 “D" associated with first and second helical members 634, 636. Elongate
tensile member 614 may be suitably connected to first helical member 634,
such as through the use of a suture knot 614a. In this emb;)diment, first
helical member 634 is rotated into tendon segment 612 in one of the
previously described manners and, similarly, carrier 632, which contains
20 second helical member 636 in a resiliently compressed state is rotated into
the center of first helical member 634. With second helical member 636
held stationary, helical carrier 632 is counter-rotated, as shown in Fig. 54,

leaving second helical member 636 to resiliently expand to its normal

diameter “D" thereby trapping tendon fibers (not shown) between first and
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5 that the respective diameters of helical members 616, 620 and 634, 636
may vary within the same anchor system. That is, helical anchor 61 6 may
be slightly smaller or larger than helical anchor 620 and helical anchor 634
may be slightly smaller or larger than helical anchor 636 while retaining the
ability to trap tendon fibers therebetween. Again, each of these anchor
10 structures employ at least one moveable anchor portion to trap fibers
between itself and another anchor member.

Fig. 55 illustrates another alternative apparatus 640 comprised
of a helical anchor 642 and elongate tensile member 644 and a retaining
member 646. These three elements operate together similar to previous

15 embodiments in that helical anchor 642 and retaining members 646 are
each initially slidable along elongate tensile member 644. Elongate tensile
member 644 may again be a flexible suture, semi-flexible or rigid tensile
member. In this embodiment, retaining member 646 acts as a collet
structure and includes one or more slots 648 extending from a leading end

20 646a. Also, retaining member 646 may include a discontinuous outer
surface 650, such as a surface 'having a generally threaded configuration.
It will be .appreciated that, as retaining member 646 is rotated into helical
anchor 642, tendon or ligament fibers (not shown) will be trapped between

surface 650 of retaining member 646 and the inner surfaces of helical
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5 material that allows the leading end to plastically deform and clamp onto
elongate tensile member 644.
A related embodiment utilizing collet-like structure is show'n in
Figs. 56 and 57. In this embodiment, an apparatus 660 generally includes
a helical anchor 662 and a two-piece retaining member structure comprised
10  of inner and outer retaining elements 664, 666. Anchor 662 and retaining
elements 664, 666 are initially slidable along an elongate tensile member
668. One or more slots 670 are formed at a leading end of inner retaining
element 664 and one or more slots 672 are formed at a trailing end of
outer retaining element 666. Again, an outer surface 674 may be
15 discontinuous to help trap tendon fiber between outer retaining element
| 666 and helical anchor 662 as described below. A review of Fig. 57 will
indicate the function of various elements shown in Fig. 56. More
particularly, after helical anchor 662 has been rotated into a tendon
segment 676, the surgeon slides inner retaining élement 664 into helical
20 anchor 662 to trap tendon fiber 678 between outer surface 674 and helical
anchor 662. To lock the aséembly into place and to expand outer retaining
element 664 to further lock the tendon fiber 678, the surgeon slides inner

retaining element 664 or, alternatively, rotates inner retaining element 664

into outer retaining element 666. This simultaneously expands outer
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Fig. 58 illustrates an alternative apparatus 690 again
employing a helical anchor member 692 and a retaining member 694 each
connected for sliding movement along an elongate tensile member 696.

10 Retaining member 694 may again include a drive portion 698 for allowing
retaining member 694 to be rotated into helical anchor 692. This
embodiment illustrates a manner of preventing counter-rotation or backout
of retaining member 694 after installation within a tendon. In this regard, a
ratchet structure 700 is disposed at a trailing end portion of retaining

15 member 694 for engaging a trailing end 692a of helical anchor 692. As
retaining member 694 is rotated into helical anchor 692, ratchet structure
700 will engage trailing end 692a to prevent counter-rotation of retaining
member 694.

Fig. 59 illustrates two helical anchors 702, 704 in which the

20 helical coils are interfocked or intertwined. This may be used in the various
embodiments of this invention to better interlock the helical anchor
structure with the tendon fibers. For example, while one helical anchor

702 may be initially rotated into the tendon and, subsequently, the second

helical anchor 704 may be rotated in an interlocking fashion with the first
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the coils of one anchor rotate into the coils of the other anchor.
| Fig. 60 illustrates an alternative apparatus 710 in which a

flexible helical anchor 712 is wrapped around an internal retaining member
714. Helical anchor 712 may be formed from suture material, for example,

10 that is one in the same with an elongate tensile member 716 used in
éccordance with the inventive concepts or which is separate from an
elongate tensile member which may extend through a central longitudinal
aperture (not shown) within retaining member 714. Leading and trailing
hook members 718, 720 may be provided for guiding helical anchor 712 at

15 the ends of retaining member 714,

Fig. 61 illustrates force vs. displacement curves for helical
anchor apparatus of the present invention as compared to conventional
Kessler repair techniques. The helical anchor repair apparatus represented
in Fig. 61 corresponds with the embodimeﬁt of Fig. 37B. The Kessler

20 stitch techniques were performed with 3-0 Vicryl sutures and each repair
was placed in porcine tendon of approximately 5 mm diameter. The graph
demonstrates that the Kessler stitches allow displacement or gapping
between the tendon segments at low levels of tensile force as compared to

the helical anchor structures and elongate tensile member of the present
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invention. In other words, the helical anchors of the present invention will
sustain much higher levels of tensile force without significant amounts of
gapping occurring between the tendon ends as compared to the Kessler
stitch technique. For this reason, a patient who has undergone a repair
5 using the present invention can undergo more immediately and vigorous
physical therapy than a patient having a Kessler stitch repair. Uitimately,
the patient will experience a quicker recovery time and more mobility
proximate the repair site using the present invention.
Fig. 62 illustrates an alternative embodiment of the invention
10 wherein an integral apparatus 730 comprises a tensile member 732 and
opposite helical anchors 734, 736. Anchors 734, 736 are coiled in
opposite directions such that rotation of apparatus 730 in a single direction
will cause helical portions 734, 736 to each rotate into respective opposed
tendon segments 738, 740. Apparatus 730 may be formed with various
15 degrees of rigidity or flexibility suitable for the repair site. Retai_ning
members (not shown) in accordance with the invention may be used to
hold anchors 734, 736 securely to the tendon tissue.
The concepts employed in the helical anchor based repair
apparatus of the present invention may also be employed in a tendon
20 retrieval device 750 as, for example, shown in Figs. 63 and 64. Retrieval
device 750 may be inserted into a tendon sheath through a window 752,
which may be triangular-shaped as previously described. Retrieval device
750 more specifically comprises a rotatable shaft or rod 754 having a

helical retrieving member 756 at one end and a rotatable knob 758
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hollow inner core 760 which, in turn, is contained within an outer core

U&
U&
U&

762. Anti-rotation members 764, 766 are preferably provided within
hollow outer core 762 and may be actuated from non-operative positions to
5 the.operative positions shown in Fig. 63. This is accomplished by

reciprocating a knob 768 back and forth. When knob 768 is moved to the
left, as viewed in Fig. 63, this extends anti-rotation members 764, 766 into
the tendon sheath 770 to prevent rotation thereof as rotatable knob 758 is
subsequently rotated and moved inwardly to rotate helical member 756 into

10 tendon end 772. Once helical member 756 is fully rotated into tendon end
772, knob 758 may be pulled to the right, as viewed in Fig. 63, to retrieve
tendon end 772,

It will be appreciated that retrieval device 750 may be

modified in many different manners consistent with the concepts disclosed

15 herein. As one example, device 750 may further include an internal
retaining member which may be inserted into helical member 756 to retain
tendon fibers therebetween as previously discussed above with respect to
tendon-to-bone and tendon-to-tendon repair apparatus. Another potential
alternative is shown in Figs. 65 and 66 in which inner and outer helical

20 retrieving members 776, 778 are employed to counter-rotate into tendon
end 772. Suitable actuation structure (not shown) will be employed to
counter-rotate helical members 776, 778, thereby eliminating tendon

rotation while the retrieval device is attaching to the tendon end 772.
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member 808, such as a suture or other tensile member as described above.
10 Each anchor member 802, 804 includes respective long legs 810 and
respective short legs 812 that register together in alternating fashion when
in opposed relation as shown in Fig. -67 and as shown being applied
through opposite access incisions 814, 816 in Fig. 69.
Figs. 68 and 69 illustrate a tool 820 having a pair of movable
15 jaws 822, 824 used to apply anchor members 802, 804 to tendon 806.
Jaws 822, 824 include respective grippers 826, 828 for holding anchor
members 802, 804 in opposgd relation as shown in Fig. 69. As further
detai'led in Fig. 68, each jaw 822, 824 includes pockets 830 that align with
the ends of the legs 810, 812 of the opposed anchor member 802 or 804.
20 A clip 832, or other structure, may be provided to retain anchor member
802 and 804 in place until the crimping operation is complete. As shown
in Figs. 70 and 71, as jaws 822, 824 and grippers 826, 828 are brought

together from the position shown in Fig. 69 to the position shown in Figs.

70 and 71, legs 810, 812 will be deformed or crimped permanently into the
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tissue 834 and, more specifically, to the tendon fibers comprising tissue
834. At the area of proximate short legs 812, anchor members 802, 804
5 will be crimped more directly onto elongate tensile member 808. This
action is brought about by the tapered angle of grippers 826, 828 as
illustrated in Fig. 68 and by comparing Figs. 70 and 71 which show the
grippers in the same actuated position.
In this embodiment, tool 820 may be actuated to a first
10 position sufficient to grip tendon fibers 834, but still allow sliding motion
along elongate tensile member 808. Using tool 820, or another method,
tendon 806 may then be pulled to a repair position by sliding anchor
members 802, 804 along elongate tensile member 808. At the appropriate
repair position, the crimp may be finished by further actuating tool 820 to
15 the position shown in Figs. 70 and 71. In a tendon-to-tendon repair, as
with the previous embodiments, one pair of anchor members 802, 804 may
be rigidly affixed to tendon 806 in the manner illustrated in Figs. 70 and
71, on one side of a tear, and the sliding adjustment may be accomplished
in the opposite side of the tear followed by a final crimping action on a
20 second set of anchor members 802, 804 as described above.
Figs. 72-74 illustrate another apparatus similar to Figs. 67-71,
but employing a single anchor member 840 having respective long and

short legs 842, 844. The operation of this embodiment is similar to the

previous embodiment, except that only one of the opposed jaws would
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respect to another for gripping and compressing tendon tissue
therebetween. Furthermore, before the final crimping action takes place,
anchor member 840 can initially grip tissue 834 and move along elongate

10 tensile member 808 to a suitable repair position where upon the surgeon
may finally crimp anchor member 840 securely against elongate tensile
member 808 as shown in Fig. 74. As further shown in Fig. 74, each
access incision 814, 816 is then closed using stitches 846, 848 or another
suitable method.

15 While the present invention has been illustrated by a
description of the preferred embodiments and while these embodiments
have been described in some detail, it is not the intention of the Applicants
to restrict or in any way limit the scope of the appended claims to such
detail. The present disclosure has been illustrative of many features which

20 may be modified, used singularly or in various combinations not to be
limited by the detail provided herein. Additional advantages and
modifications will readily appear to those skilled in the art. This has been a

description of the present invention, along with the preferred methods of

practicing the present invention as currently known. Various aspects of



. 10% U8 ()-10% U8 ()- @ 10% U& ()-y"10% U&' ()-f- 10% U& ()-3 910%
U& () -/ gt gghl hhhdE7/ 10 L$10% U& ()- "10% U& ()-10% U& ()- 10% U&' ()-M 10%
US: ()-Y-10% US ()-hi ci 115] 2] dE7/ 10 F110% U& ()] 10% U () 0% %()-*10%
& ()~ (f10% U&' ()-y& 10% U& ()-zj] kTkkkkkkxmbC 10y 10%& &8 B Mo U 10
U910% U8’ ()< 710%.U&' ()-5 10% U8 () -S3nL0% U8 () - kkk4l | I | 10028 () - |
109% & ()-(‘)@@2%87()- 10%& ()-10%& ()-, 10%& ()- rerrml"d n%@@&e%%‘% 0
10GL0% & () - yF* 10%&’ () - -78-

10% & () - 310%& () - 10%& ()-t10%& ()- nnnKooopZpdEnbC 10F

,-10%2& () - ) BRiRU&EGerttiorSrf /B & Uskd lainiel OPmidifferént combinations. The scope

10% & ()-&z10%& () - ZpppOqt qqrrdB4C

of the invention itself should only be defined by the appended claims,

wherein we claim:
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within the interior of the tendon or ligament;

a first anchor (390,440) having &n interior with an inner surface, said
first anchor (390,440) being insertable into the tendon or ligament;

characterised in that a first retaining member (410,442) is positioned in
the interior of said first anchor (390,440) such that fibers of said tendon or
ligament are gripped with compression between said first retaining member
(410,442) and said inner surface of said first anchor (390,440).

2. The apparatus of claim 1, wherein said first anchor (258,278) is helical.

3. The apparatus of claim 1 or 2, wherein the first anchor (258,278) is
coupled to said elongate tensile member (252) so as to enable its movement
along said elongate tensile member (252).

5. The apparatus of any preceding claim, wherein said first retaining
member (410) is configured to be received within said first helical anchor

' (390) for holding said fibers between said first retaining member (410) and
said first helical anchor (390). ' |

B. The apparatus of claim 5, wherein said first retaining member (410)
includes at least one deformable portion (414) adapted to be locked onto said
elongate tensile member (376).

AMENDED SHEET
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member (410,422) for holding said first retaining member (422) onto said
elongate tensile member (376).

9. The-appératus of claim 8; wherein said locking member
(264,284,410,422;466) is slidable on said elongate tensile member (252,376)

to enable adjustment.

| 10.. The apparatus of claim 8 or 9, wherein said first retaining member
(262,282,422) is slidable on said elongate tensile member (252,376) to enable
adjustment.

11. " The apparatus of any of claimg 8-10, wherein said locking member
(264,284,410,422,466) is integral with, or separate from said first retaining
" member (262,282,410). '

12.  The apparatus of any of claims 8-10, wherein said locking member
(414,466) is a crimp member. '

13.  The apparatus of any preceding éla’im, wherein the exterior surface of
said first retaining member (442,462) is discontinuous so as to aid in holding
said fibers between said first retaining member (442,46‘2) and said first helical
anchor (258).

14.  The apparatus of claim 13, wherein said discontinuous surface (442)
comprises a serrated edge.

15.  The apparatus of claim 13, wherein said-discontinuous surface (464)
comprises threads.
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member (376) further comprises d rigid member (20).

19.  The apparatus of any preceding claim, wherein said elongate tensile
member (376), or said first anchor (258, 390), or said first retaining member
(442" comprises absorbable material.

20. The apparatus of claim 1, wherein said first rétaining member (442')
further comprises a helical structure (464).

21, .Thé apparatus of claim 20, wherein said first anchor (390) and first
refaining member (410) are sized to be received one within the other, or vice

versa,

22.  The apparatus of claim 21, wherein said first anghor (460) is movable

towards and said first retaining member (474), or vice versa.

23.  The apparatus of claim 21, wherein said first anchor (442" is

collapsible within said first retaining member (440), or vice versa.
24.  The apparatus of claim 1, wherein said first retaining member (502) is
solid and has an outer surface, and said first anchor (500) is collépsible onto

said surface.

25.  The apparatus of claim 24, wherein said outer surface is discontinuous

and is adapted to trap said fibers agai'nst said first anchor (440’).
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forming said elongate tensile member (716) has greater tensile strength than
that forming said first anchor (712).

28. The apparatus of any preceding claim, wherein the diameter of said
first anchor (258,390) varies between leading and trailing ends.

30. The apparatus of claim 33, wherein the diameter of said first anchor
(258,390) either decreases or increases between the leading and trailing

ends.

31.  The apparatus of any preceding claim, including a bone anchor
(294,374) coupled to said elongate tensile member (292,312).

32. The apparatus of claim 31, in which the first retaining member (322) is
adapted to be retained at a selected position along said elongate tensile
member (312) to hold said bone anchor (374), said elongjate tensile member
(312) and said first anchor (318) together with said tendon or ligament (320)
against' said bone (316).

33. The apparétus of claim 31 or 32, wherein said retaining member (322)
and said bone anchor (374) include cooperating locking portions (294a-294c)
for connecting them together with said first anchor (318) held generally
therebetween.
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integral with, or separate from said retaining member (322,342).

37.  The apparatus of any of claims 33-36, wherein said Iocking member
(324} is a crimp member.

38. . The apparatus of claim 37 wherein said first anchor (258,278) is
compressible.

39.  The apparatus of claim 1, including a second anchor (420).

40.  The apparatus of claim 39, wherein the second anchor (420) is helical
and including a second retaining member (422) coupled to said elongate
tensile member (376) and operable to hold said second anchor (420) in said
fibers.

41. The apparétus of claim 39 or 40, wherein either the first, or the second

anchor (258,390, 420} is coupled to said elongate tensile member (252,376)

so as to enable its movement along said elongate tensile membér (252,376).
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44, The apparatus of any of claims 3943, wherein said first and second
retaining mem'bers (410,422) are configured to be at least partially received
within the respeétive first and second anchors (390, 420) for holding:
respective portions of said fibers therebetween.

45.  The apparatus of claim 44, wherein said first and second retaining
members (410) each include at least one deformable portion adapted to be
locked onto said elongate tensile member (252,376).

46.  The apparatus of claim 45, wherein said first and second retaining
members (410)-each include a slot (410a) to allow it to be coupled onto said
elongate tensile member (252,376).

47.  The apparatus of claim 46, further including respective locking
members (264,284,466) for holding said first and second retaining members
(262;,282,422) on said elongate tensile member (252,376).

48. The apparatus of claim 47, wherein each said locking member
(264,284,466)' is slidable on said elongate tensile member (252,376) to enable
adjustment.

49. The apparatus of claim 47 or 48, wherein said first and second

retaining members (262,282,422) are slidable on said elongate tensile
member (252,376) to enable adjustment.
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104] @10% g () ‘T/h%%bigétl@ of any of claims 47-50, wherein said locking member

(466) is a crimp member.

52, The apparatus of any of claims 47-50, whereinthe exterior surfaces of
said first and second retaining members (442, 462) is. discontinuous so as to
aid in holding said ﬁbers respectlvely between said ﬁrst or second retalnmg
member (442,462) and said first or second anchor (258).

53.  The apparatus of claim 52, wherein said discontinuous surface (442)

comprises a serrated edge.

54. The apparatus of claim 52, wherein said discontinuous surface (464) _
comprises threads.

55. The apparatus of any of claim 47-54, wherein said elongate tensile
member (376), and said first and second retaining members (472) each
include respective engageable portions for holding them at desired positions

along said elongate tensile member (376).

56. The apparatus of any of claims 47-55, wherein said elongate tensile
member (376) further comprises a flexible suture.

57. The apparatus of any of claims 47-56, wherein said elongate tensile.
member (252,376), or said first or second retaining member (442,462) , or

said first or second anchors (258) comprises absorbable material.

58. The apparatus of any of claims 47-57, wherein the diameter of said first
or secohd anchor (258,390) varies between leading and trailing ends.
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¢ GAwdv L&r{d] t%%/tf Psﬁ%r second égﬁ%r (Bﬁfcauses said retaining member (646) to
grip the elongate tensile member (668), whereby said anchor and retalnlng
member can be held at a desnred position along said elongate tensile member

(668).

63.. The apparatus according to claim 62, wherein the retaining member
(646) is of a one-piece collet construction (648).

64. The apparatus according to claim 62, wherein the retaining member
(694) is of a two-piece collet construction (664,666,670,672,674) including an
interior piece (664) and an exterior piece (672), whereby said engagement
causes the interior piece to grip said elongate tensile member (668) and the
exterior piece (672) to expand, whereby said fibers are trapped between said
exterior piece and said anchor.

65.  The apparatus according to any of the preceding claims, wherein
respective engagement between tha first or second retaining member (694)
and the first or second anchor (692) causes said fibers to be trapped between
them and further including structure (692a,700) to prevent said retaining

member from backing out of its anchor.
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(702,704).

67.  Apparatus for repairing a tendon or ligament which has fibers
extending in a lengthwise direction; the apparatus comprising;
an elongate tensile member (732) adapted to extend within said tendon
orligament; and
anchors (734,736) conf igured for insertion within the interior of sand '
tendon or ligament;
characterised in that said anchors (734,736) are helical and coiled in different

directions.

68. Atendonor Iigament end retrieval device comprising:

an elongate body (762); |

a helical member (756) coupled to said body (762) so as to enable

relative rotation and translation therebetween;

at least one drive mechanism coupled to said helical member (756) for
effecting said rotation for causing the helical member (756) to rotate into said
tendon or ligament end and for effecting said translation to move said fendon
orligament end to a.desired operating position.

69. A device according to claim 68, wherein said body includes anti-
rotation structure (764,766) on a distal ti'p for engaging said tendon or:

ligament (770) when said end is retrieved.

70. . A device according to claim 68 or 68, wherein said body (762) is holiow

and flexible.
71. A device according to claim 88 or 69, wherein said helical member

comprise first and second helical bodies (776,778) and said drive mechanism
causes them to counter-rotate.
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