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No. 08/9 iled on Septenber 12, 1997, now. pendi |ch is based
on provi gﬁ???i’?“ﬁgt ent application Serial No. 60/026, 101%?%%05§ept enber
13, 1996, now abandoned, and provisionatl-patent application 5 Serial No.
60/ 043,086, filed on April 8, 1997, now abandoned. The disclosures of each
of these prior applications are herein fully incorporated by reference

herein. Field of the Invention The present invention generally relates to
tendon or ligament 10 repair apparatus and nethods. Mre specifically, the

i nvention r eAppRARATUS AND METHODS [FOR YENDON ORLIGAMENT RepRged t endons or
| i ganents and the attachnment of tendons or |iganents to bone. As used

herein, the terns "tendon" and "liganent” are used in a generally
I nt erchangeabl e manner. Background of the Invention 15 . The repair of

tendons or |iganments is a challengi ng and conplication pr area ,of
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In order to make any substantial inprovenent in the art of repairing a

September 13, 1996, now abandoned, and provisional patent application

5 Serial No. 60/043,086, filed on April.8, 1997, now abandoned. The
disclosures of each of these prior applications are herein fully incorporated

by reference herein.

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



severed tendon one nust first understand the conposition and structure of
tendons and liganments. 5 Tendons can sustain high tensile forces resulting

from nuscl action, yet are flexible enough to ben d hony
surfaces a d)‘ﬁ?fg#slgect beneath retinacula to change the fgﬁi g%ﬁ? P& on of

muscle pull. Tendons attach nuscle to bgne and transmt tensile | oads from
muscle to bone thereby producing joint novenent. Liganents attach bone to

bone 10 and cpéed by ifpréddragntsdhn Uhébasip otmattethnities Bonpirtiepliondley
attach, but are strong and inextensible so as to offer suitable resistance

to applied f@{&a r 1d- hIREBIHySsUbsMmRR uﬁmvaﬁﬁhema?éaﬁtoa%ba.wggf the

joints. The onechani cal behavior of tendons and |iganents 1S

et oase wi i naYere fondbRRFE By ok el Bid o hBBRRER sFRCesRlckind P

enbedded in a connecti r?'g matri X, known as ground substance, provide the

| oad carryi ngte@0eneAnd IAMeRtS;ral  tendons and |iganents. The arrangement
of the collagen fibers is nearly parallel in tendons, equipping themto
wi t hst andBhi gh uni di r ectéindaas chasustain ligh teesile fosees reéultmgrfg peleof the
collagen fibers in ligaments allows 20 these structures to sustain

predom nant teordrdationt yet arsflexibleremodgh d¢g bieod anouhd bomy berfacdsraxbes i n

ot her directions. The ground substance in both tendons and |iganents acts

general ly as geffitehbath rdtinséna h6lclbnge tHeefinalldigeibn dfinigscte pamet her . The
ground substance retains |arge anbunts of water essential to the
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fibers, t enocy ne the?gw Lroducmg joint movement. Ligaments attach bone to bone
10 and can flex to allow natural movement of the bones that they attach, but
ar e strong and inextensible so as to offer suitable resistance to applied
fdrces. Ligaments augment the mechanical stability of the joints. The
biomechanical behavior of tendons and ligaments is viscoelastic or rate
dependent, that is, their strength and stiffness increase with an increased
15 Io;-:ding rate. Bundles of collagen fibers embedded in a connecting matrix,
known as ground substance, provide the load 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 substance 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.
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bl ood vessels and nerves. In general, the cellular material (fibroblasts)
occupi es“about 20%to 38% dependi ng on references, of the total tissue

vol une, while the ground substance matrix accounts for the renaining 62%5
to 80% ALYQ01288 of the ground substance matri x consi st PCEHUSHYUBIS
absorbed in an open polysaccharide matrix, Two types of tendons exist in
the hand for connecting phalanx (finger) bones to the appropriate mnuscles.

Fl d f
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return the cﬂ?%@i vessRje pad nepves; ancF%‘e@t ﬂ};ﬁ fjﬂ'(" %&?W'Bhﬁ @aﬂﬂ; gnd

retinacula restrain nost tendons in the hand to sone extent and keep them
cl ose to the esapiasaabqut2Q% e 3I87%tdeneading.en refarences, of thei ipdahtissysst ant
nmoment arm rather than bowstringing across 15 the joints. The pulley system
of the fl exorvdlemgpnvhilecthelground bebstance mattx aheounte for thegtenyaidimgeb2¥ed of
these restraints. The flexor tendon sheath pulley systempernts the

flexor temdong 80%IRiABbat T0% bEkR jhoind sUbstiriel mEBDECYnsisE Bfangtehel ps
mnimze stress risers between tendon and sheath. This system serves three

i nportant fungddorhsd ".F?l 8pen bBly@b{:%ld%erfr& tendon 20 gliding or
er

| ubri cation; second, etinacu reinforcing pul | eys. mai ntain the

flexor tendons close “OTVB ?y;?e‘éréfar&ﬁd%s EQ%tFH BCharRP G arRE SR bbb

bowstringing; and thir provi des an enc osed synovi
Sl des & cer t GMetl B de thRRPBIPRIBH: AUSCISte MEXTPEHRR o ERG endon . VIO
01/ 28457 PCT/ US99/ 24098 -4 Excursion takes place sinultaneously in the
fl exor and exeanested ththe volar or palm side of the fingers, lend the ability to curl the
10  fingers towards the palm. Extensor tendons, which are connected to the
dorsal or backside of the fingers, return the curled fingers back into a
stréight position. Sheaths and retinacula restrain most tendons in the hand
to some extent and keep them close to the skeletal plane so that they
maintain a relatively constant moment arm rather than bowstringing across
15 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”.



during joint notion. The tendons of the agonist, or contracting mnuscle,
di splace in one direction. The tendons of the antagonist or resistrng
in the opposite direction to acconmodate the notion. 5

nmuscl es dj
Today, th%@?ggommn met hods of repairing torn, sever GTOSP 0 Ber wi se

darmaged tendons invol ve approxi mati'ng ths severed ends of the tendons and
suturing one side of the tendon to the other thereby returning the tendon

to its naturBkcuyrsiohttakes place efmulaneduklyria the flexor ard esterisbetermons! | ed
Kessl er technique and slight nodifications thereof. Some of 10 the other

techni ques i gglinPikdiRolBAKahe teAdSELof t S3cHist, bRRon#aMEmuRerRe, | ocki ng

suture, four-strand interlock and variations of the Hal sted techni que.

O her et hodg: : et ' | F o W L b d the tendon.
Pol yost or ot SrpeCeBbRHraEhin, TR bhdundof (8] rtbhohly & Bl ' loeu™r
reinforce the sultu:ée/ iendor}hi nterfic?.to.&)rgvi de a stronger rfgai r. 15
After flexorMUSRESHISRIEEE N the epposile ditegtion 19, AGFPRIMPYPIe the MeFilses at t he
repair site. Repair techniques that use an increased nunber of suture
strands, Sor i ncreased @f8¥nthe Besteemmenmethqds ofgeraiipgitady.iseveras er i al
pronote greater glide resistance. In particular, adhesions formdue to the
t endon' s nataerctherwisectanaged tepdons involvecapproxisnatingrtbetseveredoaridssofand 20
vessel s from surroundi ng connective tissue. Current |iterature suggests

adhesi ons naghectenddnsg ahe saturingf dreensidé of the tawinsstoathetdthestHeeel®f repair and
an. extension of the intrinsic tendon healing process to the surrounding

tissue. VO Ot/ tHeGEhWSN 96 #40R1urafBositiea! A BBALIEr ¥QWél técHMidld ishi gh

strength, flexibility, and a joining of the tendon ends w thout any foreign

material on ﬁw@eﬁo%‘é@hq@essﬁéi tEAifq W abd SiidHRNHBRiIficRHI fitrediesamY sthoul d
ely after the -

begi n i nedi at
10 the other techniques include the Becker, Savage, lateral trap, double loop

locking suture, four-strand interlock and variations of the Halsted technique.
Other methods place prosthejcic material either within or around the tendon.
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.




repair to prevent the tendon from adhering to the tendon sheath creating 5
adhesioris that limt the full excursion of the tendon in its sheath. For

this reagan, gg{gg repair site nust withstand the i medi al;eéé.,é%;g,?‘jgbae stress

bei ng appllé it during physical therapy. In a relax a flexor
tendon experiences about one pound of e®nstant tension. Wien a person
applies a light grip, such as by grasping a key, about three to four
pounds of tensile 10 fAn xieal sepaipwostl exhibihbighestdengthAflexibiity, apd p can
apply over ten pounds of tensile force to a tendon. Since nost

sut ur e- basedjdifing @ the pendch edcWithbat any éoreigrematerial onatheadaside6 | bs.
surgeons nust bal ance the desire to have full and imedi ate active notion

to prevent agDﬁééé)Bﬁtmn%h. tHy s thdrBby $RotIBTBRIA irdiletiRfell GFRIreMENt

rupture of the repair. Earlier l'oading of a repaired tendon pronotes a

The- opposed [y e GR% Erabh I dungfia o L fifdohbneBi Btaar o ' "

approximated within 1-2 nmm of ch other to properly reattach. . 1 deal

t endon r &pai ng)\iiﬁ‘?’lf tdf”l'ﬁg"ef ﬁ@e‘?’%ﬁ”éﬂ"?é’%ﬂ'&%?&‘%@e%%? g‘???tﬁed:l"ﬁe‘gﬁ heal i ng
and tissue generation but slowmy release tension allowng the tendon to
become the préasanytheorapaissitei mystwithstandethetignaesiate fensilg stipsubeingr at e

that is proportional to the | oad being applied during physical therapy.
Anot her nmaj oapplieabtoeitnduging hphysicht therapy.ofn & nelagedratpte, @ dledontenglods, whi ch
begins shortly after the danmage or injury occurs and continues This Sheet

Has Been Repkrg&fbnbéd bbddt dAd pblAd b bbhdhhl taMisH. MY a elddiS@RIiRdGP8 -6
for approximtely the next twelve days. This softening results in a
light grip, such as by grasping a key, about three to four pounds of tensile
10 force is applied to the tendon. A strong grip can apply over ten pounds of
tensile force to a tendon.

Since most suture-based tendon repairs reach their tensile limit
at about 6 Ibs., surgeons must balance the desire to have full and
immediate active motion to prevent adhesions against the need for

156 immobilization to prevent rupture of the repair. Earlier loading of a repaired
tendon promotes a more rapid increase in repair strength. For a tendon to
properly rejoin, the opposéd tendon ends do not have to touch but ti'zey 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 and 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

This Sheet Has Been Replaced
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weakeni ng of the tendon fibers, which contributes to the formation of a gap
at the repair site during the early phases of tendon healing. It is :
bel i eved s format the site of repair due to a rchase by
the 5 gr as‘gpﬂgzsggftion of the suture at the tendon-sutur{éeﬁﬁ?g);z‘iwgbcje. The
grasping suture may even conpletely teab-out, resulting in a failure of
repair. Aterm for this failure is "rake-out". Rake-out is a failure node
associ at ed wifohapprokimatetyetiomextetpaive daysahTbis sofftenirenésafts flha sever ed
tendon has weakened and the suture tends to pull out of the tendon ends.

Thi's splits thsakenitidPor e Radoh Emetd, Svhibh @antHiblres tathe farafatioh ¢fod ghp
failure. Another common type of suture repair failure is of a suture knot.

The effectivenqRs refaifsite ity HRPEANS pREFTIMehdsH RBSling: Uths b ﬁe\{(éaet suture

material, the technique wth Which the suture Is inserted, an no

strength. | dj at el fien a.le ISy T ' ethe .strength of the 15
repair depeggsaéﬁ%%ss{or@héﬁ {hg?i}ieoﬂdﬁ%ﬁg' ?HF &BZA (oggﬁﬁltpajg%hsas?ﬁ:ﬁh Jeal suture
knot should term_nate securely, be strong, .easy to, handl e d inelastic.
The sutdte EESHIRGPOCHADDY DIERHHE Sfcihe BRHoNSHLre iteaps e dne arasping
nmonof i | ament pol ypropyl ene. Using current suture techni ques, absorbable
sut ure nat er isstyrednay) evem gompiaielydiear edl. desyiting isa [failure of sepair.odetermi ne to
resist 20 gapping and rupturing. The ideal suture technique should be easy

to use, m nifor thds failuee iscfrake-eutd.t Rakendbis a failune mddeyasandiabed wdtipl et el y
internal to the tendon without increasing the bulk of the tendon. Locating

the knots owuLgirdaehdiéh tepaitan whithahe ehabfthée Beverebaenddihbs WdakeABY resul t
in higher wultinmate tensile strength but will also increase the risk of

adhesi ons andpljlfhe Wits 1éRdoto PGl kP3P ENdon ehds. This splits the tendon

10 and results in an undesirable gap or total failure. Another common type of
suture repair failure is of a suture knot.

The effectiveness of a suture depends on many factors, such
as the suture material, the technique with which the suture is inserted, and
knot strength. Immediately 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 poh}ester 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



i ncrease the friction through the pulleys. This latter characteristic is
known d&s "work of flexion". Mst suture nmethods enploy an internal suture
with external kpots distal and proxinmal to the |acerati % in the

| acer atiowgﬂﬁ%“% surgeon typically uses a conti nuous I‘L}%’ﬂ.(‘%glg? !gr nal
suture at the junction of the repair, kpown as an epitendi nous suture, to
approxi mate the tendon ends. The use of the epitendi nous suture increases

the tensil e ipkrea8gtthe dfictibm ehroaghithe palleyse! Phististtercsharhcwaiptic lgknbwh it can
al so increase the risk of adhesions and is difficult to master and very
tedi ous to exeelhek of ABxiok®, evol ution of tendon repair with sutures starts
with the two-strand technique. Sonme of the variations of this technique

are the Bunnell, Kessg| Wicls”%]h uvd LA yrs fail,
the failure wusually g\g%tr%‘ﬁgfe E;%e no spBgtsaundEAg%%ﬁé%@uz%om ?%%Fﬁélhe
initial strength of these repairsg i roportional to.,the punb of suture
strands t hat k‘g‘?tﬁs‘gs?hﬁn‘iﬁ"?’ﬁ'ﬁ‘&ﬁ" @Tet E@.cg‘:?ﬁ'gg %a@'tﬁ"é‘cfthfac!a%er?ﬁ%'h'dq{?? doubl i ng,
tripling, and even quadrupling the nunber of strands placed across the
repair sbte. suigean tviisally Hees a SPBLIBYGUSHAUINDINGSXtGINAL Sutie A§dhe pangtion and

Ket chum have shown significant tensile strength over the two-strand

met hods but bhthe epairnbnewndisf 4n epitendinoysesytorentarappaokimane ¢hé téndon t he
outside surface of the tendon 20 with nore exposed knots. These techni ques

focus prinmarehds.oMhé ige dfithe epreddiablieettos ineesddsethettensipd strémgthdifsr egar d
the increased resistance to the tendon gliding through the pulleys.

Therefore, thg %%ﬁtanﬂ%lﬁé‘%@%sliég\jﬁ\ljaptpﬂ%,yﬁﬂ cawsfsaert\&r%smrwt%subaw ng the

tensile strength' required to a tthe patient to start physical therapy

I medi at el y, aé’lpe%i&?svéﬂ"(%st &?flétﬁyvtooﬁl%fs{ér%nmeqyt&%ééz tg) g}(-éé{ﬁggl '?I'f'e098 -8

10  evolution of tendon repair with sutures starts with the two-strand
technique. Some of the variations of this technique are the Bunnell,
Kessler, and Tsuge methods. When two-strand repairs fail, the failure
usually occurs at the knots. Studies have shown that the initial strength of
these repairs is proportional to the number of suture strands that cross the

15 repair site. This has led to a trend of 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



necessary to mnimze adhesions that conprom se the ability of the tendon
to glide through the pulleys. Techni ques have al so been devel oped that -

i ncor por at Lhternal or external prosthetic splint. L Qrosity woven
polyesterfﬁﬂﬂp%ﬁgPS is the sane material used for aorticpéﬂgg?nﬁgﬁair, S
bei ng used as an artificial splint. Therg-are basically two nethods of
splint repair. The internal splint technique is acconplished by placing a

hori zont al slddcessaap 3y eninithizeiadhesiohs thatrudempromisethe shilityedf thecteddenal to
the laceration site. A rectangular piece of polyester splint is placed

into this slig giaetAidugh tespulleys.he tendon. 10 Sutures are then placed
perpendi cul ar to the graft along each tendon thereby attaching the splint

to the tendon. Th t : ' ' j + Laal

[0 oLe, tondon, | The Sut veemakbe il o 3abh BeyeiollsShod RobfkiRlan 2
ol acement - and e g CRIRP LRSS AP [P ScRRroRt SHEAPARYTSRT Pie8 ¢ ne
repair. As previously nmentioned, the external knots will increase the risk
for adhes? onds dhrisamemateriabysed fon aoftis araft reppisy iscbeing weedras ani aftifisial t he

tendon splint is inert and simlar to the suture material being used in

ot her technisplies %hereiare hasicaliy &vopoethods of wplitk repaite Thebiotemaksplintt he
tendon should pronote tissue ingrowth and enhance the repair site.
However, the tééhniqueis addonsplished hg glavinpa honidental ght trahsvetsely a bxclanage
the internal blood supply of the tendon and cause tissue degeneration. In

the external (gRhddbtunSs PRGB! aid 8Rtd176\the Rierdtforisits.ala rebfdMiRiar Pibdent
techni que, the surgeon aligns both tendon ends and places a two-strand

Savage Lype eRiiitet’piiftis MEcallintd i shtlbh¥otn Slads!t h8Alon. N0 01/ 28457

10 Sutures are then placed perpendicular to the graft along each tendon
thereby attaching the splint to the tendon. The sutures attach the splint,
which is basically a flexible tensile member, to the interior surface of the
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 wiil 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.



The surgeon then places a rectangular Dacron(r) splint on the dorsal
surface  of the tendon across the |aceration site and sutures it to both

tendon e ) this techni que, and as nentioned earli int acts
as a fleg}q'gﬁoélzg{génsi | e menber that prevents the -tendonsq’rf:%“hgg%{%%l ng and
rupturing 5 during early novenent. As w@-h the internal nethod, the knots
are placed on the exterior surface of the tendons and the splint is

actual |y on The suyeoaitten placea @erectdrigulari Ddcron® splirsteort the dorshl sdrfamthesi ons
and consequently increase the work of flexion. The internal tendon splint

nmay add too i tehbbk akbhosshBellfdtrbtion sitE anddiitlines i€ BéthtendeRENdss P! i Nt
may interfere wwth 10 tendon gliding. Prelimnary work of flexion studies

suggest  bot huntﬁggyigée%hpg@?ihgﬁa gk bR o iU the Shi:! 425 88 a%,&grrew%

Anot her splint I'que berng us today I's a Dacron

Prol ene(r) nesh.sleeve that surroupds the tendons. .The two ends of the
cer at ed t cTRIBHE MaHos AL aTvRn T B iebapRa A Geap BB EP A OR RN ot the 15
sl eeve. The tendon ends are butted_ together w thout any additional

sut ur es, Sexceying pRRY EIPVEmentn As With 'g'ﬁt'ﬁ?eé“?'é“ﬁlh&éeﬁ‘q keotsAfe Macgchi ng t he
sl eeve to the outside surfaces of the tendons. This is done on both ends of
the sl eeve. dmitke extehior gudace of thesandonagad the splintisactuaélbnoa tbenvent i onal
two-strand core stitch technique with an epitendi nous suture on the 20

external surémsiie surkacet hEhiafwill dmereasetiadrisipbf adhdstoriznartliesnsdduentdyar e
tested in vitro (outside of the body) and do not take into account any of

the in vivontciduzkdfe stkRAdEXidH. OPhe iFtelitt tefdiéplt PRay@ad@he6 iR
significant anount of repair material external to the tendon and within

the t endon V0,04 24300 T4 33024038 el HhaBPRTh P Rart SN GRS T PR

mat eri al provi po I dl source
10  tendon gliding. Preliminary work of flexion studies suggest both tendon

splints increase the work of flexion by 16-19%.
Another splint-type technique being used today is a Dacron® or

Prolene® mesh sleeve that surrounds the tendons. The two ends of 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



fi brous adhesions and an increase in work of flexion. |Inplanted anchors
have also been used to attach two ends of a severed tendon. This type of

anchor to a Dacron(r) splint in 5 concept but al ly
a}fﬂ}o z§‘s [ [ tr§§@g§9ﬁﬂ@8anchor

fabri cat ed {ainless steel or titanium The geone

al so di fferentlat es the anchor froma spiPnat. The anchor, which may
nmeasure 20 mmin length, 3 nmin width and 1 nmin thickness, has a
symet ri cal dshegitle. [Agaire dexterdabephirgoatarisbprovifles aapateotial sairgd afed into t he
severed end of the tendon by making a small transverse 10 incision. Once

the anchor i sfibridukadhesibheahd dafihtreabe irswogle of flekioh. pl ace a suture through
the tendon at the flat side of the barb and knot the suture into a | oop

thereby preventing the;RalaRtéd Qn&mﬁgmveutéo%mséaftotét%a&md%ndsme

tendon will be sutured at each flat on the barb, providing two suture

| oops per t enden, &g vodis, SR SHL WE SnbRE/ DI Ear & BRLRBRDIRRPOL 15

ends t hereby 78° I'ng "t ere repair ni-gue shows

an increase in nean ulti rrat tensil e tre 240% over _traditional
two- strand arfPNeEPt P“Elsr‘éﬁ‘r@ G?lifl“@t?% a&ggessmtegl AR AT 11"? rel atively
easy to performbut it does not address the I n vivo probl enms caused by

pl aci ng t he sarometrkgbthe anchaialsn diffegentistes the anghesronp@rsplinthdepecone a
20 potential source of fibrous adhesions and increase the work of flexion.
This type ofarichiodowhizhahey nueasute 20tmmoinilemgtbr 3oaosia wirdth andeh npadnt | oned
directly over a joint with the finger in maximl flexion since it is long

and fairly rihiikdesd) K3 a bYanteticsn doubleSharbed lehd Wohfigutationt ETHEOAn&HLFS
together with a separate surgical tool and, in the process, risk damagi ng

the tendon endsyadediinto #fe SEveréiferd BEIRd RRd0AORakingla small transverse

10 incision. Once the anchor is in the correct depth the surgeon will place a
suture through the tendon at the flat side of the barb and knot the suture
into a loop thereby preventing the barb from being pulled out of the tendon.
The tendon will be sutured at each flat on the barb, providing two suture
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.

1T



Adhesi ves have been evaluated in the search for the ideal tendon repair.
St udi es "have been conduct ed usi ng adhesi ves of the cyanoacryl ate group,
nore comonly known as super glues. These adhesives forma strong adhesive
bond wi t WRIRS4Tman tissue, particularly 5 those cont aiPﬁ:iTﬂES'?iz"l"%ﬂgge amount
of protein, such as skin and tendon tisgye, because they polynerize in the
presence of water and hydroxyl groups, both of which are abundantly

present in tendon tissAMhesdftd Hdveybdtp d\@tuaté® tHeescarsl lfgetie idEbley are
known to be bi odegradabl e, although the tine taken to degrade in tendons

s unknown afihdBRIrépdiR® SeQdids HIGL kA ldoRkbRd WRIRY AN Storride M nimally

toxic to human tiss e application o hesi'ves 1 n tendon repair is in

conjunction with twg-strand or multi-str C tur ' an

epi t endi n0usc\gqnoaf\ﬁvﬁatﬁpef°gahg‘g‘e,30{@1%'}"5?@%%”9{ %@étﬁﬁ%d\#régﬁ% after. the
sutures have been placed and approxi mateq to allo for pol ynerization. The
shor t coni ngsadtesivaRdIoETcA SEARE GHNPHVE ARG I oSS Myrhan UBTUS BAFURIERY ar o
experienced with adhesive techniques as well. Some problenms with adhesives
i ncl ude Bhei thoseteomtainingrv lprge emewynt @4 IBroteiny sich iisskin pad tendtissueei r
guestionabl e effect on tendon healing, and their potential [|ocal and

system c t oxbedduse they pelyrharizetinehe fppesencedifasatee and hydedxyrgooupe  an
adequate solution to tendon repair problens: 20 Current and past tendon or

l'i gament repgbth dLRAYHIARSabUNIBREN prédedt M tdridohansuBJahd ehéyPBSINoR Strength
of the repair by adding nore structural conponents to the repair, e.g.,

Sieesve. " [T ST phov K o5 B o bt Bl et
ISDthl_/e B%tgg/ Zilggé(%%_st%gie\a% e %f tefrllci%is ?snunl?n%q/vril gr% %%§yeg_|er Iimswlg(] c aino\%lr%e f"eSs7
10  are known to be minimally toxic to human tissue. The application of
adhesives in tendon repair is in conjunction with two-strand or multi-strand
core suture with an epitendinous suture. The adhesive is placed on the
tendon ends after the sutures have been placed and approximated to allow
for polymerization. 'The shortcomings that were discussed in connection
15 with suture repair are experienced with adhesive techniques as well. Some
problems with adhesives include their potential non-biodegradability within
the tendon, their questionable effect on tendon healing, and their_ potential
local and systen:\ic toxicity. Currently, thereforé, adhesives do not provide
an adequate solution to tendon repair problems.
20 Current and past tendon or ligament repair techniques
coﬁcentrate 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



of adhesions or other problens. Wile the surgeon debates the clinical
techni que, the patient may suffer froma | ess than desirable outcone and "

di sconfort E’\{’%%’%pe life of the repair. Adhesions cause pgt/ﬂa%&gw imt

not i on of YV e affected joints. By increasing bulk to the tion may
5 be further limted and this can result12n a defect called "trigger
finger.". None of these techniques have utilized the physiological mkeup

of the tendoroftadhesivnsta atheit pabiems.r Yyisiler the Suegdamdetbates theoltibalof t he
tendon is provided by the | engthw se parallel collagen fibers, which give

it the abilitychRigok! tHe Satibritingdy 56M&r fréml PRAS thd BesirabIe dutddrsé ange i s
made 10 up primarily of water and cannot be used to provide strength to the

repair. The cgigm%rgpggﬁ{ﬁ?i e Ye e Fahin °Rlind ol EXIdL Al A

assi stance w e two ten S toget ar probl ens
ari se when attachin engdons or.lig nts t.o . bgne. . That is, sinpl

Suturi ng. e 0T 3h AftERReoines  BVEBHE=4 e M f the BndoRy ashatw

t endon anchor nenbers may not provide the nece’ssarlﬁtr.ength of repair. As

further d®scuessttthesdipdted andthis can reslicie afefsct palladt1Eigg8MERIYUN f or nat i on.

Finally, tendon retrieval has al so been a problematic portion of tendon
repai r surgery. Typi caNope afitbesaitepboiquesdavasuilizedthe phygielopgical 20 t ool
with thin, novable jaws sinmlar to needl e-nose pliers to grasp a tendon end
and pul | and makegl ofxthet tendoano ppvide ai sitongep espain. NThe tanisile atrength of
Unfortunately, gripping the tendon ends in this manner often damages them

S agats” pCTRSETT, Bopev gy e PRI (B ORA)
or aFihesi ons iMeCQbifiW foh\?r‘ithstand high tensile loads. The ground substance is made
10  up primarily of water and cannot be used to provide strength to the repair..
The tendon sheath is also too weak to provide meaningful assistance with
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

T



adversely affect the repair. Therefore, there is a need for tendon repair
t echni ques and apparatus that harness the intrinsic strength of the tendon

fibers, b;&&og'%%%\éat 5 the tendon to flex-while noving thrggg@agﬁe‘iog%heat h.

This repa us shoul d resist any gapping or ruptur ri'ng | medi at e
post -operative physical therapy, and re38de in the interior of the tendon
to reduce or possibly elimnate post-operative adhesions. The repair

appar at us shaddnmlageal Emdpnashds avillalsovforkn séarftissxean adhiesionglwitichdurthét nder ed
t hrough the 10 tendon sheaths. There is generally a need for tendon repair

appar at us anthdviapdenpdffebhtie Rlpafv the patient to immediately begin active
physi cal therapy wthout risking any tendon repair failure while

mnimzing or elimnati f E%I:M'” | ructure
on t he external surfacgg’g{)%fgﬁﬁéﬂgrt%gﬁ gﬁlet erégéd%ﬁg%c?ﬁgag%gﬁ?r ence of
adhesions and fricti tween 15. t he .t endon,,repair d the sheat ul |l ey.
There is a fLﬂﬁﬂ?é?t“ﬁgﬁapﬁ%’ﬁ‘e?%ﬁ'aeo'r?&”'?%‘-’ %gr §9$he8§ﬁ}e %ez\@ﬁﬂif&féss'nﬁﬁoamg%bar a%/us
with at | east sone of these attributes. Finally, there is a need for a
tendon re?ri dhgItepdon E‘é?\ﬁﬁi"&w?eawa‘"gn ?fég!bﬂle ?%‘é‘thn AV FRPAE FRAFAWSOf t he

tendon fibers and mnimzes danage to the retrieved tendon end. 20 Sumary
of the | nventshoyldrresisiranyegaPRing, entupiuregduringinmmpediats paesopgsptivait us f or
repairing damaged tendons or |iganents. The various repair apparatus
accordi ng to physéal tiherapy oandergsideyinathe dhtenigabé the bendon toeredace adapt ed to
extend wi thin WO 01/28457 PCT/ US99/24098 -14 the interior of the tendon or
| i gament and podsiby glitnjtizaé pebt-apéerative sdhesibhs.e The repair apparatus should
also produce low work of flexion while gliding unhindered through the
10 tendon sheaths. There is generally a need for tendon repair apparatus and
methods that allow the patient to immediately begin active physical therapy
without risking any tendon repair failure while minimizing or eliminating the
need for sutures or other repair structure on the external surfaces of the
tendon thereby reducing the occurrence of adhesions and friction between
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



configured for insertion within the interior of the tendon or |iganent. The
anchor structures are both novable al ong and | ockable to the elongate °

tensile nwg)rpélrzs‘g; a selected position. As some exanpl esrgkﬁﬁig&‘t%chor 5

structures y conprise helical anchors with separately | e tendon
fi ber retaining nmenbers, conpressibl-@4helical anchors, anchor bodies
secured inside the tendon with sutures or projections such as barbs, and
crinp-type athehinteriverdfethe tehddn gor igantentdond varleisstypes of anchorstauctares
portions or nenbers, as well as other configurations. Various enbodi nents

10 of repai rcaifRiuréd B6r insrtidnSeithinatie Wttefibn of atd1tehdioni dtdighmentidMaes t he
general needs and drawbacks presented by the prior art as di scussed above.

Among t he vaé&ﬁwgg B AINes 3PS batHimRDhBIe oS ad IddRbblel 13 HRB dIGHYat&PPar at us

conprising at st one tendon or |iganent  anchor structure 1 n conbi nati on

wi th an el on L l.e r Vi Ih | nher ent
strengt h of %ﬁéﬁ%hﬁgﬁ%%r 351:93 %@;géﬁe?eq%s@iaﬂr agggoﬁﬁg%ﬁaﬁlﬁé’t%h%%ﬁé&ﬁorr
Iigamantg. Repai.r technicgues. ar.e .Erovi ed that address the Pb?nsi | e _
conponen? of STYAUFESTRAY comprise;halifalanchas WiHE separataly qanngetable frodopggon
or liganment. This is acconplished while reducing externally placed
conponent st fikaAr retaiping Mermberse campressible heligal anghersn apehqy) '?QSEESL hrough the
20 pul l eys. Through an understanding and utilization of the inherent
strength prsecusstiinside the tendon edthosutpresadn priojastionaguah fasharks, anide

I nventors have devel oped anchor structures that grasp these high strength
fibers wi thotimp-appes anclodri mgmibees thiad gdpftendort éibetscbdatevednrtwoacriimpi t hout

addi ng external bulk or additional knots. The anchor systens of this

i E\S/ent i on f UsdriiBhs dF hidib&R, as wellas other configuraléhd) 1VaAE6Y eMbbUldASs24098
10 of repair apparatus are disclosed herein each serving to address the general
needs and drawbacks presented by the prior art as discussed above..

Among the various advantages and objectives of this
invention, apparatus comprising at le_ast one tendon or ligament anchor
structure in combination with an elongate tensile member are provided and

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 accomplished 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




patient to begin imedi ate active notion physical therapy resulting in a
quicker and stronger tendon repair with fewer adhesions. Also, the

conbi ned anchor structure and el ongate tensile nenber of PEWU§99i ¥gention
provi de a WRAHH¥Sr |iganent repair that can withstand greater /{lensi | e

| oads 5 than current and past repair techbiques while retaining the
repaired tendon or liganent ends in a viable repair position. Generally

stated, the HRArAdto ib@Fﬁ!\rﬁﬂrﬁédiGWﬂi\&emoﬁbnIpdn&stcabt‘rmramnoéauiting nuat ure
coupl ed for novenent along the length of an elongate tensile nmenber. The

anchor struct i@k%r%nld_oé:tl‘c?r{ae? t8hddh AfairWRhfeRaF bAResibsIg Al tthe tensile
C

menber and geherally 1 ncludes first and second fiber gripping portions

configured f Or%hgiﬁﬁé&inggo%%ﬁ%\tgré Bfid ie[ﬁng%jté){erﬁfle PndrRBEIOSE iis ilveAtBAt . The

gri ppi ng port§ separat € conponents of the anchor

structure or may_ be porfions. of the sa onpon ral . I ments
of the inventRP@NideA E)?"@f? or, f?@"&"‘r’ﬁ@a'ﬁ’b © 6'r‘fvﬁﬁ%ﬁ8h&)rr§ |egﬁ§?'?q§g8%vabl e
with respect to the other to grip the fibers therebetween. Nan . different
conf i gur aBi onthapfcusras @ndgrast EeRAILEeChRIAUES WhilgTERIRIBENG T Hﬁ'l"’(fﬁf‘?{ﬁ%"

si ngl e-pi ece anchor structures and nulti-piece anchor structures. In the

si ngl e- pi ece amligewnerstendstinracviablerreppv PEsdi®Nof a nenber, such as a crinp
menber, is novable toward another portion of the nmenber to grip tendon 20
fi bers therebetween. | rGardnsity svabed)ithe presens émeandion quneprisssat least enschor
structure are brought together and | ocked to grip, engage or conpress the

tendon fi bersahiraRRict@@ boubled it MBWEMEtedleng ek imgasliofrentedondate  anchor
structures are each initially novable along the length of the el ongate

Lensi | e Membere e SRAARLL CTARE dRshdt stiuckres 1bAEBIPEEH dBsired atbRalsigrged

10  the tensile member and generally includes first and second fiber gripping
portions configured for insertion within the interior of a tendon or ligament.
The gripping portions may be on two separate components of the anchor
structure or may be portions of the same component. In several
embodiments of the invention, at least one of the fiber gripping portions is

15 movable with respect to the other to grip the fibers therebetween. Many
different configurations of anchor structures are disclosed herein including
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 bf 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. !n 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



portion of the tendon. The anchor structures may be | ocked to the fibers
within the tendon and to the elongate tensile nenber itself when the

tendon is_at the proper repair position. Various nore specific enbodi nents
of the an‘@ﬁc?i"z%‘ﬂ uctures and el ongate tensile nenbers ofCVHM2#MEention are
5 described hereinbelow. In one enbodi npgt of the invention, an anchor body
in the formof at |east one helical anchor is configured for insertion

wi thin the portieniodrheteridon. t BRglanchur sthgturesimay'be Icket tBNAelfitfers Ni NY
menber is coupled wth the elongate tensile menber and provides a securing

structure tQyfifinGthbQehdiéh BRY k& dhe amalgfe tePshid b ideWREBHIAY Wi thin the

interior of the tendon or |iganent. 'In a preferred apparatus of this type,

first and s el gal . D Oyl ' wve. first and
second ret aﬁ%ﬁ%gn n&e#o@r%sp ro ac%gélgip%ﬁ'g@ﬂaygrgﬁ% %];413 %Zﬁn(g%wb\éﬁbéngﬁ he

el ongate tensile nmepber. o opposite sides of a repaif.site. The retaining
nenbers may OZz}bﬁ an ?rugét,xcq%esf%}ds%lga%qegt,engfg Wmepﬁf}f this invantion g s |
novenent., Optionally, a lengthwise slot may be provided in the retaining
member. 9n mﬁﬁf'%éﬂ'ﬂ?&?ﬁwand the other enbodiments of the invention,
the el ongate tensile nenber may conprise a rigid, sem-rigid or flexible
menber, including fl ek oneembodiment dfghedaventiom abaochetbbedyin the
non- absorbabl e naterials, as well as tensile 20 nenbers forned from variou
bi oconpat i bifermeif st deasplonsthelisal aneharmiscagnfigiuced far inddrtiohatitisialthanchor
preferably conprises a helically wound coil which may be of constant or

vari abl e di aWetier ofititk temdohariliganiat.oAtheast WReaetdming Mémber is@Edupist! | Y,
the coil may be forned from absorbabl e naterial or other non- absorbable
bi oconpat i bhgiEeloRbdte thASI APl Hhd BE0RESs bSeRURhG SBREYurk th hdld | - -
10  the helical anchor to the fibers extending within the interior of the tendon or
ligament. In a preferred apparatus of this type, first and second helical
anchors are 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 exampile, 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 elongate 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




WO 01/ 28457 PCT/ 1JS99/ 24098 -17 configured to be received within a
correspondi ng helical anchor for conpressing the fibers between the
r et ai ni ng ‘P@U{)’ﬁ{“fnd the helical anchor. Wen the helical_anchor is
rotated in 2t endon or liganent, fibers of the tendSATHP™ ¥ Enent will
be captured within the coils of the 5 antpor. Wen the retai ning nenber is
then inserted and affixed within the helical anchor, the outer surface of

t he retai ni ngomtighesd wobp resHher] Within & icbarespargding diblica) @dchoufdraces of t he
helical coils. Preferably, locking structure in the formof at |east one

| ocki ng menbeiompressing thefibka Béthgednhthe refdidingiriémBBIBRd th@hbitdl €l ongat e
tensile nenber at a desired position. This 10 | ocki ng nenber may be a

separate sli mhgggww Y ngeufzsr@.ggh&ﬁs atdl B95 he tdidn S Nimddie

corresponding re ning nenber and may, Tor exanple, conprise a teformble

or crinpable_orti of the retaini nber . or .separate crjnp nmenber.
The ret ai ni n(jﬁﬁ?ﬁrﬂg?h%ie Rb%ﬁ@aﬂ?%?g’y' %,cquvléedgglgﬁgf ee‘6°'|sl°f1ih§t ai ni ng
structure_ either inwlgrated therein or used as separate structure for

gri ppi ng T he a¢habn Yhesethe redaining memben is 'ﬁ'\?&l'"ﬁ?\'g?ﬂ)?r.‘d pHfixed withinethe he
retaining structure may conprise a discontinuous surface adapted to aid in
hol di ng t he fheliealanshpicite quier swiageehthenetaiainganembiee compressesahehor . As
exanpl es, this discontinuous surface may be an exterior serrated surface, a
20 general | y fidersagaidssinneaserfaces afndteHeslicalyqusilsof Preferablyy lekiray

di sconti nuous surface. This surface may al so serve to prevent the

retaini ng mergeRictlirediithBd6ih td o UdastlonkNEcKifg ntethbé'is iikd 168 halfid e
feature, the elongate tensile nenber and the respective retaining nenber
or members NMeytdidifg WSMbESREMH MBn§ReaBR&AR Rember at a desired position. This
10  locking member may be a separate slidably adjustable member or an integral
portion of the corresponding retaining member and may, for example,
comprise a deformable or crimpable portion of the retaining member or a
separate crimp member.
The retaining member or members preferably have associated
15 retaining structure either integrated therein or used as separate structure for
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



WO 01/28457 PCTI US99/24098 -18 portions, such as ratchet-like portions,
for holding the retaining nenber at the desired position along the

el ongate [ menber. As still another feature, at | t he

el ongate t ‘ﬂ@‘(’ﬁ‘g” menber, the first helical anchor and &%@Mﬁg{}g‘oﬁl ng menber
may be 5 conprised of an absorbable matgig.al. During the absorption
process, this wll allow a gradual transfer of tensile load to the repair

site to aid bBrtld?\%aLshélgas Wcﬁeﬂﬁl(@b@r‘tiohssf@ttﬂﬂhm?&hé Paalning Mepsigraent  of
the anchor systemw |l be nmade from an absorbabl e material, such as

pol ygl ycolic ﬁeca “cgd ‘p&gétyc?‘{ g@g@%g an% %rjslne?,lé”edf or the tensile stress

of the anchor gra y trans fromthe anchor system

to the tendon durlng t heal e r reveal ed
previously, the heali rfg PB@SSH@?&%‘PQ 1"2@%%%?\33&&%%%‘?%?%%rtég%sgft ional to
t he amount of tension  bein ed to the tendon. In othe words, nor e
tensi on on t Mernkeigthe f 'ﬁéé’\f??%pqp'\?har anq g Eatalpigmember eaYbe the initi al

condition of the repaired 15 tendon does _not w thstand any tensi| e | oad.
Ther ef or & aceinpriged of saabserbable matesiali Hyripgithe aksprntion Rrecesse thisndon wi | |
result in a stronger repair. By naking a key conponent or conponents from
an absor babl evilirellewiagradubktransfpaof tensfelcaduto theowpagir isitertofadd 1 t ension to
the tendon until the conponent(s) conpletely degrade and rel eases all the

tension to tRealirgf)dNMre gendraidpistated, 4t ledst are caltrponemnadf theaingher of t he
I nvention, the retaining nenbers may include structure configured to

directly eng ehhﬁmhsé ntale fram%pabgd?bmembnélheuéletaalpmmydaﬁmi@ from
backi ng out of the helical anchors after inplantation. As one exanpl e,

this may i ”%PBSlyaﬁ}cBH&Ee. LYRE will allow for the tensile stress of the anchor system

10  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 inciude ratchet-type



WO 01/ 28457 PCT/ US99/ 24098 -19 structure on the retaining nenber adapted
to engage the trailing end of the helical anchor. The retaining nenbers of
t he various enbodi nents of this invention nay al so have various

conf i gur aMWHE845Mne configuration is a5 helical:retai MGRIHEIE. 1n this
case, the helical anchor will be either_qoeceived within the helical
retaining menber or may receive the helical retaining nmenber. Either

construction {rgéﬂm?e bANBE réfshify HeembéY ddephed 8 BRGaGe theNirsilihg ehal of the

because the %e I cal menbers will conpress tendon or |iganent fibers
t her ebet ween Eﬂ: ?‘aﬁ@ﬁ'@rral |y sinusoidal pattern. At 10 | east one of the
I nner and ouPer HEI'TCAr menbers is col | apsed or expanded toward the other

to clanp or conpress the tendon or lLigangpt fibers her ebet .. This may
be acconplished, for e %’,""1%’1“8 %ﬁﬂ?ﬁ%’%’é‘?us %'BF’?%'B‘G S?:Agﬁﬁ'& t he

hel i cal menbers during insertion or through the use of _ el ectromagnetic

i mpul se def olﬂ’YﬁN‘Bﬂ.m?malﬁﬂé‘al"ﬁt"@é‘PU%&ng‘g‘gﬁ%f%%- Gondiguiationisidier bel ow,
one helical nenber may be forned of a magnetic material while the other is
not. UpoA t hbeligabréteining mesnbasndndhisranse. thephelinat apehoravitlhe eithemet i ¢
energy, the magnetic helical nenber will collapse onto the nonmagnetic

hel i cal nenmbescebvEdpowithl thg hdlieal tainimgf mbmber bhenaybreceiverthe Asliealot her
option, the helical anchor of this invention nmay be 20 fornmed froma

f1exible sutpgginivey Aienier. |HitHehicbnswsetior! fmsthabnamfouwimelicals adapted to
be inserted into the tendon or liganment and the flexible suture materi al

i s then w apReiniSiGaEHid ¥ MabiuF BbtaustbPidindis ﬁx];%frfye% QG BBMRPdsst 0 hol d the

tendon or liganment fibers therebetween. As the exi ble suture materi al

which is wr apmnaérolwﬁéqnérn%ﬂe% %QLQ&MW&: béné}gﬁy Qﬁbgoihgl pattern. At

10 least one of the inner and outer helical members is collapsed or expanded
toward the other to clamp or compress the tendon or ligament fibers
therebetween. This may be accomplished, for example, through mechanical
spring agtion of the helical members during insertion or through the use of
eiectromagnetic 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 application 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



WO 01/ 28457 PCTI US99/ 24098 -20 significant tension, it may be forned of
material having lower tensile strength than the elongate tensile nenber.

I n anot herwﬁreap?tggfent of the invention, the apparatus na}/%/ﬁ%%@igfe first

and second anchors integrally formed froma wre he

el ongate tensile nenber extending thereb2@ween. In this enbodi nent, the
anchors are helically wound in opposite directions such that rotation of

t he i ntegral sigmpficattuensionaitsnaybe foimext of matenal thavinigdowleotermile t ensi | e
menber di sposed generally between the damaged or severed tendon ends, wll

cause rot ati @treptietisdh tHRS§ERGateaehsilel mambgenber into a respective 10
tendon end. Retaining nenbers in accordance with the invention may then be

used to grip, conpressPansthBLeMbegintetiAhE ifvdrRiRAOthd hbiSdratdstmbe
hel i cal anchors. In yet another enbodi nent of the invention, the apparatus

. | ud . . i bl i N .
T o o 32 B R B nSBPRSSRAR BB P BR A i,

I nsertion 15w I ganent and cou
wi th the el ongat tensile nenber. This c ressi bl e anchor traps the
1 ber s ofS t nafie et fensie JEeranR pop0ded PREBER e TS embPRRette  moved
fromtheir. unconpressed, state to their conpressed state. As with the
ot her enbodi te®@achersiaie helicallyanpung in oprosiigdirectioas sugh thatyiofationplides a
second anchor structure in 20 the form of another helically coiled,
conpr essi bl e thaditegraliabparatys ial & singleodifsciione With thecelengatgdeasiteensi | e
menber. It should also be noted that the elongate tensile nenber of this
i nventi on mayndmbéndispdsdulygénanally betoveen theplansdgedt ammveeedientden endsuch as
sutures, which are then tied or otherwise directly or indirectly affixed
t oget her dur iwig dalige Fétatibh offleack despactivé heliddltmémber 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 fibers 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 fibers 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 coiled, 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

T



WO 01/ 28457 PCTI US99/ 24098 -21 unitary elongate tensile nenber is forned
connecting at |east two anchors together to hold the tendon or liganent in
an approximated repair position. In other words, the el ile
menber may"B&fYPhed from a nunber of different segnentgeg&k%%%ﬁggns whi ch
are ultimtely secured together and 5 s@¢ured to the anchor structures. In
t he enbodi nent enpl oyi ng conpressi bl e anchors, these anchors are al so
preferably couitsey eforigataresimite merabenis foheed icongedting atleasttwemnshornd

i ncl ude respective | ocking mnenbers, preferably slidably coupled to the

el ongat.e t ensjgg@tHE?thHold HElterdidaniraihahtent oh dndppraximates sépzicpesitidrar s at
desired locations on the 10 elongate tensile nenber. The | ocking nenbers

may be, for eﬁ‘raémlanewor{igtﬂgqal&?q b it @msiEREAbEr RlayXBe irmidd ##6ita Rainfter med
integrally or separately romthe correspondi ng conpressible anchor. The
retai ning menber.s. of .this inventi h.S . Lna
gener al sense?fe‘ti'ifiegerﬁlﬁe%en(tﬁ§r &’8&3?%8%#969 er "?‘%ﬁﬂ‘égg%”%gﬁgﬁéﬁ‘e{ SH? he

el ongate tensile nenber w thout necessari usi a slidin notion al ong
the tensiPe ntaavEsd I the ?W’H”rséi%t‘l’ﬁeﬁgqﬂéh%émsb("ﬁg?eri‘%%mﬁt?éfg"g an axi al hol e.
The slot or slots may further act as a collet structure configured to
clanp onto t heomprasgibleanchess) these@pehorssa alsasieferahly; srupled fr hel i cal
anchor or through the use of a separate tool. In another 20 advantageous
enmbodi nent of mavemieht alamigrthetelorgate ensiletrmembar and instudertgspeptive lackingi ece
slotted collet structure with an interior piece and an exterior piece.

Upon i nsert i omeffbersiepreferably alidablgasuplédotd the diehgataltensiEhmended, afd
interior piece into the exterior piece, the interior piece is configured to

clanp onto the, Rb@RIHoR LR \Sdrhprd¥BIRS AncHis b AeSiKdPlocafioRt BRAGhES
configured to
10 elongate tensile member. The locking members may be, for example,
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



WO 01/ 28457 PCT/ US99/ 24098 -22 expand within the helical anchor to
conpress the fibers against the helical anchor. In yet another enbodi nent,
t he el ongatdembﬁggi |l e menmber will be |ocked to the helical anchor by

trappi ng the el ongate tensile nmenber 5 between the inteffA{USPEHBNi ng
menber and the helical anchor. This w l422-elimnate the need to have a

| ocking feature built into the internal retaining nenber in order to |ock
t he el ongat eexpamsi Withirethechelical aricholneb icoalpresscimerfibers ayainse 89S hslical

enbodi ment, the tendon repair apparatus has nultiple helical anchors. In
t hi s enbodi nggdhorf here is nore than one helical 10 anchor placed within
the tendon. The helical anchors nay be wound in opposite directions and/or

i ntertw ned together. IH_%FFE%F{e}' gmb%girﬂgmj’ %hp%\%ﬁggﬁf%“%nge rrglg%urqa ti oned

met hod of grasping paralle agen T1 bers. vant a I pl e
anchors is t . fibers bhein rapped is directly
proporti onal @%Loc%ﬁg tgﬁﬁ ﬁ%hog%l aglang%graP R%’SH@F iei%ﬂggﬁﬁkﬂbﬁ?'.g “l’?)mf’ﬁ'ér easi ng
the length and the nunmber of coils of the helical anchor |ikew se

i ncr easelé t ﬂléetéi‘fﬁ?ﬂﬁsed'?tefr?ajﬁﬁ@ﬂ“%lrﬂ'%gﬂ ?Wdo"é"fe.heéf’g]c@"ﬂ?éf dhig will i i t ati ons
to the length of the anchor, an additional anchor of the same length is

pl aced in t Helinipateothe Neest iedhavien? lockingciepture Hyilh into $he intetnal retairting s
invention utilizes 20 a crinp-type anchor nmenber. In this enbodi nent, one
of the fibermgmbepimgrdepte ioakthefelondgete tensilermembento trenhé¢licahenéhdrst

def ormabl e portion adapted to be crinped within the tendon or liganent to
grip the fibers. In ofleyepasithecembotipeértptte tenbdon ¢ep4Tp appavatis Méd | have

opposed | egs that may be deformed toward one anot her and onto the tendon
fibers. The @uitipRe helical anchors. In this embodiment, there is more than one helical
10 anchor placed within the tendon. The helical anchors may be wound in
opposite directions and/or intertwined together. This configuration is based
on the aforementioned method of graspi.ng parallel collagen fibers. An
-advantage to multiple 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 limitations
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




I's WO 01/ 28457 PCTI US99/ 24098 -23 nenber may further include a second
deformabl’'e portion configured to be crinped onto the elongate tensile
menber to retain the crinp nmenber at a desired | ocation In a
rel ated enbB4VHERt, the anchor structure may further coﬁ%?&é%?ﬁgprsst and
second separate crinp nenbers adapted to28- be crinped onto the fibers
generally fromopposite sides of the elongate tensile nenber. The first
and second crrméembeeras furthen irchede a setontbdeformabEeparitioa qunfigared to bé

def ormabl e 1 egs configured to interlock after crinping to securely hold

the first andrigsaentd thdlel rtendiRk Bmbef 16 etain BRY Srimp hémber &t aand
second crinp nenbers can further include respective crinp 10 portions

configured t h h t | in the
first and segdoér%gegrléé%%?r‘e%g%sﬁ'a@ g#ﬂg@g@ﬁ@@?ﬁbn a orl?é]*;g HgEﬁ‘}%ngth of
the tensile nmenber., As one .ot her alternatiyv rate .l ockin nber
Ty b used HBBY EVADAT eHBORTG Bet Ay Bl séRerefe BB etoels dudkled B
position along the length of _the elongate tensile nmengber, 15 1n another
aspect, the a‘?FcPFUF'PES 1onge G'P%@‘LF'iﬁrQ%Faq'c‘!ofﬁWi QRPositeSides,of ithe-£langatenc hor
bodies with respective first and second securing structures. These
securing str uensilemember. e tsshapd secermhprimpemepihsreean gash faludriang
respectively fromthe first and second anchor bodies that retain the anchor
bodi es wi t hi respectivenplorality of dgforemable [ége canfipored @0inbarlhick aftex\crineping

t ubul ar - shaped nenbers or nenbers having various other shapes configured
for insertionomdcidly hofi tfieh afl sec@fdrefinp Meniies i€ the tdridonnfidrge or

addi tional securing structure, the anchor bodies may include portions for
recei ving SUlTKELAIHRAE deRoR8Crinth Mdfnbdrs Bhn 30HhSLHRNMeTREPStive crimp

10 portions configured to be crimped onto the elongate tensile member to
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 configﬁred 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



bodies within the interior of the tendon or liganment. As with the previous
WO 01/ 28457 PCTI US99/ 24098 -24 enbodinents, the |ocking structure can, for
exanpl e, (L(z}g% a crinpable or swageable nenber or an_integral portion of
an anchor "Do erabl e to affix the anchor body onto PREYS VBt e tensile
menber. In many of the enbodi nents of #lgs invention, two anchor bodies
are each initially 5 connected for novenent along the elongate tensile

menber and f embbodinehtss tielodkingsactineccdny ¢4 @amplel HellideSa efimpablResrs ar e
used to |l ock each anchor body to the elongate tensile nenber with the

tendon or i Qﬁlﬁgééblé PnerAbétesr é@ﬁ\té%ﬁﬁ?énﬂﬁ%ftdrpéhcrﬁ? padlyWdehstle g§PECL, the
I nvention provides apparatus for fixing a tendon or Ilganent to a

bone. In_t i s AUAIRRL boh SrRPRA Blbligarel ALHARRL AN of g051 | ©

menber, a ten on or ganren anc ucture construc "n° accordance
with any of t of th S one anchor.

h
The el ongat e® W@ﬂanrg?qﬁ@?rﬂél\éqwg 'Soékéﬂﬁ @Choﬁgﬁgﬁg aée FF‘é f'Bf%l Ysuture adapt ed

to exteng within t interior of the teﬁ,g)gn 15 or ament . The bone anchor
i s coupl &d \AF‘P’FPGFH Brgngyementaleng dhegigngate %ﬁﬁ'&"?g‘ ber lei’r@@ @fdbe '
retained within the bone. As a nore specific feature of the preferred
enbodi ment oseadmdsrespeative; loaking iséructyies or orembers ase used e lnnk eagh be a
hel i cal anchor as generally described above and may be conpressible. A

ret ai ni ng nearhoribbdgdaphe cldngabe tensilaimedbert withstheaendoh a0 ligaraent ion al ong
the elongate tensile nmenber to hold the bone anchor, elongate tensile
menber and hgldesifdd Aspairggosittgrt her with the tendon or |iganment against the
bone: The retaining nenber and the bone anchor may include cooperating

l'ocking portions for gQNRgGih&Jadpatt, Rk UGN BBYRIes apparatus for

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




and bone anchor together with the helical anchor held generally W 01/ 28457
PCTI US99/°24098 -25 therebetween. Alternatively, or in addition, the

r et ai ni ng nber my be sized and configured to be rece ast
partially PHE  he helical anchor and a I ocki ng rrerrbe?ﬁ/%&kz‘dgg a crinp,
may be coupled with the elongate tensil-285aenber to hold the retaining
menber at a desired position. 5 As with the other enbodinents of this

i nvention, t hhetebekivegn.neiteenatinely, dreip additioey Ahe retainingl eiemberbinay ded
slidable crinp nenber either separately formed or integrally fornmed with

the retai ni ngiz@ded configreaitbdie repivet abledsh paptiatiyenithinthertidlieal a t endon
or ligament retrieval device is provided and operates to nove a tendon or

10 ligament efhHoP aRd 4G8LKIRE rﬁa%ei 'd”'LﬂhFH%Sé EH@p; mejenélevisied IeRetRé | Y
conprises an elongate body, "a helical nmenber coupled with the el ongate

body and at '&@ﬁ% 181Endlld Msn{s%??éﬁsﬁmwﬁo ﬁﬂﬁghn%nmahst 99& sﬁeb gggmw. for

effecting rota hal - novemnsn Into on or

| i ganent and ubs gyent .tran tion velen eI| nber to 15
nove the Pen ﬁ’ﬁ%ﬁ%ﬁ?”ﬁ’& 'ﬂgnﬁe%%ésdmgﬁ'é P 't&?&qﬁ% e |"6?1ng may
facilitate thls function, the helical nenber is nounted for rotational and
transl at i onal be.rfgu exemples @ dafpiraablg andsligpbls fainap Blfd?berﬁﬁ‘eélsﬁﬁarzi’ﬁ%wbody i s
adapted to be inserted into a tendon sheath, for exanple, and is
preferably f|foxmetortintegedllydiarmediwwith dhe mtatnimmemlw t he surgeon. The

el ongate body may also 20 include a distal tip wth anti-rotation structure
for engagi ng t he tendorn another @spect ofethe praserrieventiom)@ teotdahiosn t her eof as
the helical nmenber rotates into the tendon or |iganment end. As one

optional antijligaphetiti rettidvabééVibe id PR vidwR arfPbpératdieio mBYe faiehlieh drncl ude
first and second, counter-rotating heli cal
10 ligament end to a desired operating position. The device generally
. comprises an elongate body, a helical member coupled with the elongate
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 helicai 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



WO 01/ 28457 PCT/ US99/ 24098 -26 graspi ng bodi es each being connected for
rotation and translation by the drive nechanism Various nethods are also
cont enpl aWOlilzg45qccordance with the invention relative _to tendon or

li ganent repait. A representative nethod 5 invol ves i nsttSi I RG*8 el ongat e
tensile nmenber within the tendon or |ig®€nt and driving a first helical
menber into the tendon or liganent. The first helical anchor is secured to
t he. el ongat grasping bediespbeh baing conmecteddfor nathtionlandricéroslation by itheen i nt o
the tendon or liganent. The tendon or liganent is then noved to a repair
position at UA®E mgvhanisni.0 securing the second 10 helical anchor to the

el ongate tensil e nenber whereupon the second helical anchor is then

securely fastened to t\h&icﬁls%@ﬁ{dﬂst&@%iéo?cd?ﬁ&hﬁfatéd)imﬁéﬁrﬁgﬁce {WRRdRR or

|igament in the repair position. The various tendon or ganent anchor
0

L 2 RO VR P e A .

nmet hods and ronal repair mnme
review of. the detai.l ed . description of this invention. Varjous features,
vant agBs. aloBisR duTtaliBg ot eBhaste Shele AmbR MR e SsneS: idsinany
apparent to those of ordinary skill in the art upon review of the
fol | owi ng defRd dEMinge Hirst heica| raempakinge theterxiengrdigamani: sThe firsken in
conjunction wth the acconpanying draw ngs. 20 Brief Description of the
Dr awi ngs Fi ghelical anchqyds spewed\to the eldngate tensidevmegmbercansbaseceqmdi r devi ce
according to the present invention; WO 01/ 28457 PCTI US99/ 24098 - 27
helical anchor is driven into the tendon or ligament. The tendon or ligament
is then moved to a repair position at least prior to securing the second
10 helical anchor to the elongate tensile member whereupon the second helical
anchor is then securely fastened to the elongate tensile member to hold the
tendon or ligament in the repair position. The various tendon 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 ief Description of the Drawint
Fig. 1 is a perspective sectional view of the bone repair device

according to the present invention;




Fig. 2 is a side view of the suture to be used with the bone repair device
according to the present invention; Fig. 3 is a sectional view of the
suture in place in a bone to be repaired in accordance with the present
invention;W8OHRYS7 4 | s a sectional view.of a fractured bBREUSEA4IBed with
the bone repair device according to thespresent invention; Fig. 5is a
sectional view of a first enbodinent of a button to be used with the bone

repair device of the pFrRenis 4 sideiewrnf theGutdreitd e 668 ivithathe\igne of a
second enbodi nent of a button 10 to be used with the bone repair device of

the present irBN&PGeORe decBrdirg t& tife bideit MleRtion; third enmbodi ment of a
button to be wused with t bone repair device of the present invention;
e

g 8 s a side view gle 2 bl L RBPOIGIPRE o8l aftufiv BRch r Rborkighd (1

he
t he bone repair devi ce?z%'%t% present | nvention,
view of the third enbodi nent of, F‘utton to be used with the bone repair
devi ce of t héeB?'é%“Em a?‘iﬁ\?&?ﬂcﬁeo‘ﬁ'tﬁé ﬁ@'e%ﬂ%é'?;‘ff‘éﬁ'% a suture; Fig. 10 is a
sectional_view of a fourth enbodiment of a button to be used with the bone
repair de¥ice of the prikdhis 3 sRtiprabrievephy frarturedhanerepaired withithe Fi g.
11 is a perspective view of the bone repair device of the present
i nventi on beibegpeurspdirdgvicemecerding &0 theprgseatinvestioneni scus; Fig. 12 is a
top view of the incisions nmade in a hand in the prior art to repair a torn
t endon; WO 01/ 28457 PCFig J®B/24énatl ¥Bw of a first embodiment of a button to
be used with the bone repair device of the present invention;
Fig. 6 is a sectional view of a second embodiment of a button
10 to be used with the bone repair device of the present invention:
Fig. 7 is a top view of a third embodiment of a button to be
used with the bone repair device of the present invention;
Fig. 8 is a side view of a third embodiment of a button to be
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;



Fig. 13 is a top view of the incisions made in accordance with the present
invention to repair a torn tendon; Fig. 14 is a sectional view of a tendon

bei ng repajred.i accordance with the present invention: ' 15is a
sect i onal W\ﬂ()é&/slg? a tendon being repaired using a fi rs?cg&#ﬁ@éﬁq%nt of a

button; Fig. 15A is a cross-sectional wpsw of a first enbodi nent of a
button as shown in Fig. 15; Fig. 15B is a cross-sectional view of a second
enbodi nent of 10 a DURi§.o13 &sa sty wiew bf fthe inclsions-mgde Ib @ctardance with
cross-sectional view of a third enbodi nent of a button as shown in Fig.

15; Fig. 1 5{Ad pre8eft Poentisittd RIPAlr &/1dtW 1Bhdén;Fourt h enbodi ment of a button
as shown in Fig. 15; 15 Fig. 16 is a sectional view of a repaired tendon

using a first —embodi MRaly Rl 2 sBUidAll vid ¢ GeHAGN Beiifglidphiten Y esent

i nvention; Fig. 16Ais sect1on view of a revised Stitching procedure in
accordance with the inv ion_of Eiqg. . Fig. 17 is a sectional view of a
repaired tenmrﬁgr?q?gwtﬁsr}b&%asenﬁdm&%%gr ment of a button in accordance
with the_present invention:  Fi 17A 1S aﬁ?ect i 8&2 8vi ew of second

] Fig. \ ]
enbodi Mot of a  but t i+ B ke Seetienal vigw o ariendon beine TeRoEsH H3RORI ng

swaged to a suture; Fig. 17Bis a top view of a second enbodi nent of a
button in afitstembasiiment of 8 uttepesent i nvention; WO 01/ 28457

PCT/ US99/ 24098 - 29
Fig. 15A is a cross-sectional view of a first embodiment of a

button as shown in Fig. 15;
Fig. 15B is a cross-sectional view of a second embodiment of
10 a button as shown in Fig. 15;
Fig. 15C is a cross-sectional view of a third embodiment of a
button as shown in Fig. 15;
Fig. 15D is a cross-sectional view of a Fourth embodiment of a
button as shown in Fig. 15;
18 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;



Fig. 18Ais a sectional view of a step in repair of a tendon wusing a
second enbodl ment of a suture in connection with the second enbodi ment of
t he buttonw c{ s18B is a sectional view of a step in reB?k;Usggfmggtendon 5
using a secon odi ment of a suture in connection with TR

enbodi ment of the button; Fig. 18C is a-88ctional view of a step in repair
of a tendon using a second enbodi nent of a suture in connection with the
second enbodi nent of Fig 18A ioa sedlionEl yievt ®Dai step is eepaivobb temdom of a step
in repair of a tendon wusing a second enbodi nent of a suture in connection

wi th the secamihg aseodhdrenibodimehicohs eatuie in Buanédtion withthelsdcbAd a
sectional view of a repaired tendon using a third enbodi nent of the

present i nverdphbgdimknt bf @he bBftoh$ 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 enbodi ment of g gﬂ ﬁgsgggcﬁd}}\é?enbo fa@tgpotfp%?'nsoiaa %ﬁd onal Vi ew

of a repaired tendon usi ourt I ment e pres I nvention;
20 Fig. 1s a sectloq? ten on, regalr devi ¢ accor dance
o0th Phe By ousind R OERDS stiseiinsh St.& SHBRE i RBGH 1 h WS seBRer. o

01/ 28457 PCTI US99/ 24098  -30 Fig. 22 is a sectional V|em10f a second t endon
repair deV|cé”PhP'H@@BP&&“%QUWPPh the present invention used in connection

with a bone
Fig. 18C is a sectional view of a step in repair of a tendon

using a second embodiment of a suture in connection with the second
embodiment of the button;

10 . Fig. 18D is a sectional view of a step in repair of a tendon
using a second embodiment of a suture in connection with the second
embodiment of the present invention;

Fig. 19 is a sectional view of a repaired tendon using a third
embodiment of the present invention;

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 boné

anchor;



anchor; Fig. 23A is a sectional viewillustrating an alternative 5
enbodi nrent of a tendon-to-bone repair apparatus in exploded form Fig. 23B

is a sect%@l%sysgew simlar to Fig. 23A, but show ng t2 gTR}gM“ngus in

assenbl ed attaching the tendon to the bone; Fig. I'§7"an enl ar ged
sectional view of the apparatus as she@®0-in Fig. 238, specifically
illustrating the conpression of tendon fibers 10 within a helical anchor
of the present invent iFig.; 2Fiiga seational vievs of @i speand\tepdpm fepaircldvige in
alternative tendon-to- bone repair apparatus shown in exploded form Fig.
24B i s a secaccora@ancs ethsthel praseritdnergiondbed ihconabotiomgvitht boagpar at us in
assenbled form 15 Fig. 24Cis an enlarged sectional view of the apparatus
shown in FighetptB: Fig. 25A is a perspective view show ng anot her
alternative tendon-to-bone repair apparatus in exploded form Fig. 25Bis

a sectional view of aneth éAt‘QQ%@f‘W*“WQF&%{“ﬁ%’ﬂa'@&“aﬁ% us; Fig. 26 is

a sectional viewillustrating yet another terna tendon-t o- bone
e P SNSRI IE Aol oSl R R e B S BeH 19, £ e
2ddi t1 onal " aspect s of FReoFRLASPOHENal Miey SERArdoLcps; B S 1o Fig
27, but isolating the finger
the apparatus in assembled form attaching the tendon to the bone;
Fig. 23C is an enlarged sectional view of the apparatus as
shown in Fig. 23B, specifically illustrating the compression of tendon fibers
10  within a helical anchor of the bresent invention;
Fig. 24A is a sectional view of another alternative tendon-to-
bone repair apparatus shown in exploded form;
Fig. 24B is a sectional view similar to Fig. 24A, but showing_
the apparatus in assembled form;
15 Fig. 24C is an enlarged sectional view of the apparatus shown
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;



to be repaired and show ng transfixation of the tendon segnents; 5 Fig. 29
IS a perspective, schematic view showing initial steps in a tendon repair

procedur egj rblagtggrdance with the invention, Fig. 30 is aﬂ‘ﬂ%y9@é@%j

perspective Vvi'ew of the distal end of the tool shown in Fig.
illustrating the attachnment of a helica3lanchor in accordance with the
I nvention; 10 Fig. 31 is a perspective view show ng the insertion of the
hel i cal "anchor wit hi n Figt 2hden tepyiemtshofiing irgisigns magdepgara fingérytocr oss
sectioned, perspective view illustrating a nodified formof the anchor

i nsertion togécesB@Mendonfih@ecordace With additibgal akpects 6f fiay impestiove Vi ew
simlar to Fig. 31, but showing the subsequent insertion of a retaining

menber into the tend0¢i§ﬁzmh;togﬁia~ sRAilAStooFiganyi Bt oldtdg Ml fitger
sectional viewsimlar To Fig. 32, but show ng the | ocking of the retaining

menber to th [ le: - [ 4,1 Lonal view
t aken al ong ﬁé?%ﬁ%g %ﬁ%i\%\ﬁmggﬁ m&glfxgatlggfitﬁg tgndsderi?ié%'ﬁgﬁs\'/i ewsimlar to
Fig. 34, but illustrati.ng,.the [ocking portion.of.the retainin nber in a
cri nped- 8r def or ned co'éd%' 2P %2 Rﬂﬁ"?ff’f'ggﬂg‘ih UEsYY %3.%‘5!?9 '—"§fql§£m.s 35 is a
perspective view of the tendon repaired in accordance with the invention;
Fig. 36 is aif @atendayeteraidrpeprire i ageardaaemmitutheinvention:r ating the
attachnment of a tendon repair apparatus of this invention to the tendon

Fig. 30 is an enlarged perspective view of the distal end of the

tool shown in Fig. 29, illu;strating the attachment of a helical anchor in
accordance with the invention;
10 Fig. 31 is a perspective view showing the insertion of the
helical anchor within a tendon segment;
Fig. 31A is a partially cross sectioned, perspective view
illustrating a modified form of the anchor insertion tool shown in Figs.. 29-
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 of the retaining member to the elongate tensile
member;
20 Fig. 34 is a sectional view taken along line 34-34 of Fig. 33;
Fig. 34Ais a sectionai view similar to Fig. 34, but illustrating
the locking portion of the retaining member in a crimped or deformed

condition;



5 fibers; Fig. 37 is a plan view of an elongate tensile nenber, helical
anchor, and retaining nmenber in accordance with anot her enbodi nent of the
i nvention;_ Fi A is a perspective view of another enbogi nt of a 10
hel i cal an‘gﬁg?&%'g structed in accordance with the inventf T{UTTE%?%“_”SB?B is an
el evational view of repair apparatus incgz2ding the helical anchor of Fig.
37A and a retaining nenber shown affixed to an. elongate tensile nenber

wi thin a tendon in acceigl@5cis a\pérspedtuive vieandt the; tentiod repdirddsina partial ly
sectioned plan view show ng another 15 enbodi nent of a helical anchor

system Fig. a3%okdand8 fith thédffleRfibhi al | y sectioned view simlar to Fig.
38, but illustrating the partial absorption of the retaining nenber in

accordance with thi's epRUATEY efibreatboliing VI SERbHEiGIRFIGREtng | o

showi ng an alternative configurdation o i'cal ancho lis a
schematic, segtional view.of another .alternative .helical ancghor:. Fig. 42
oo Schennt 1100 SCBENMATL T & WAAGH PSR, MEILE S ol Letien FELITe tendkBr: v
01/ 28457 PCTI US99/ 24098 -33 Fig. 43 is a partially sectioned view of

anot her @t erf®¥$ve repair apparatus connected within a tendon; Fg. 44A is

a partially sectioned view of another alternative repair apparatus in
accordance with the inF@aG70ia:a plan view of an elongate tensile member, helical

anchor, and retaining member in accordance with another embodiment of
the invention;

Fig. 37A is a perspective view of another embodiment of a

10 helical anchor constructed in accordance with the invention; -

Fig. 37B is an elevational view of repair apparatus including
the helical anchor of Fig. 37A and a retaining member shown affixed to an
elongate tensile member within a tendon in accordance with the invention;

Fig. 38 is a partially sectioned plan view showing another

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;



5 Fig. 44Bis a partially sectioned viewsimlar to Fig. 44A, but show ng
the partial absorption of the retaining nenber of this enbodinent; Fig.
45A is a t%/gl%,y sectioned view show ng anot her.-alternative enmbodi ment of
a repair 2\8{33 § in accordance wi.th the invention; 10FETFSO%sEs s 5
partially sectioned view simlar to Fig-335A, but show ng parti al
absorption of the various conponents of the apparatus; Fig. 45Cis a

partially sectioned vi ig.s43id apattiallyisgctidhdd view: of bhotdier afterativel |
absorption of the helical anchor and internal retaining nenber and parti al

absorption ofrebgeaPFa@ag Bohmstied YitfimaSendds: Fig. 46 is a perspective view
showi ng the partially assenbled condition of another alternative repair

appar atus enpl oying a ER N Blogirti gléeﬁﬁhn@@g% of :éi'\gthef‘éﬁeiﬁatﬂle.

perspective view of an al'ternative apparatus oying a conpressible
hel i cal anchaor _w th I ntegrated | ocki menber; 20 Fig. 47Bis a
perspective JFB%\YI/" PPP%&W%N %cc{rﬁ%ncg%ﬁhpcﬂgﬁ?v% |"I'—qi’g. 47A in a conpressed
and | ockeg condition wthi .tendon; Fig. 48A is a _@art i_al I4/ secti oned
view of ah alternative % s Rertially sgefionad Migveimiler tafigy 44Ark¥tin a
heli cal anchor at a WD 01/29457 PCT/US99/24098 -34 selected position along
t he el ongat e sheMgng dhenpariéal abaerriinnifitherataining shembemedthis embodiment;
adj ustabl e condition; Fig. 48Bis a partially sectioned viewsimlar to
Fig. 48A, but show ngFighet9A ika pgrtiafiyisectionedivieve showirgnatidthen; 5 Fig. 49A
Is a perspective view show ng anot her alternative

alternative embodiment of a repair apparatus in accordance with the

invention;

10 Fig. 45B is a partially sectioned view similar to Fig. 45A, but
showing partial absorption of the various components of the apparatus;

Fig. 45C is a partially sectioned view similar to Fig. 45B, 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 apparatds 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 illustrating the embodiment of
Fig. 47A in a compressed and locked condition within a tendon:

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

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



tendon repair apparatus enpl oyi ng conpressi ble, helical anchors in
accordance with the invention; Fig. 49B is a perspective viewsimlar to
Fig. 49A, _hut showing the apparatus fully inplanted to_r | T %e t endon;
10 Fig. 50QY2855erspective view of another alternati vepciﬂ%%%ﬁ“ nt

enpl oyi ng conpressi ble, helical anchors3ygn accordance with the invention;
Fig. 51 Ais a partially sectioned view of another alternative tendon

repair appar sélgstedivsition glofbabé elvnggtetansile merhiber amtestpwing théS col | apse
one helical nenber onto another and show ng the uncol | apsed condition;

Fig. 51 B isjakit@hemiteY i 8f abfiaesble beNyisibRi | ar to Fig. 51 A but showi ng
the coll apsed condition of the outer helical nenber and the attachnent of

a | ocking menber wi t gy 3458008 ariilly Reltiofidd Giew? sfifit'hirdl | 4B AC6 Ond

view simlar to Fig. B, trating an alternative enbodl nent
having a solid oy non-hel.ical inner etaining.menber; Fig. 52 is a
schemati c, p'é?%‘ﬁ@@t'ﬁ?\?éoglf'aﬁlngmafrﬁa aakﬁgﬂg?'?‘%t'o?‘rrpul se generator
operatively connected to a_patient's fjnger féBr wqener é}@ng WO 01/ 28457
PCT/ US99524098 - 35 t Hd9r&9Ails apersrastive pwinganether pHefREVE hodi nent s
of Figs. 51 Aand 51 B, Fig. 53Ais a schemtic, ;I:ger spective view show ng
anot her  al t tandanirepaic abparatusemploying eqrapressibimihelisgancheisinenpl oyi ng a
col l apsible 5 helical nenber;
accordance with the invention;
Fig. 49B is a perspective view similar to Fig. 49A, but showing
the apparatus fully implanted to repair the tendon;
- 10 Fig. 5(.)'is a perspective view of another alternative
embodiment employing compressible, helical anchors in accordance with
the invention;
Fig. 51Ais a partially.l sectioned view of another alternative
tendon repair apparatus employing electromagnetic impulse energy to
15 collapse one helical member onto another and showing the uncollapsed
condition;
Fig. 51B is a partially sectioned view similar to Fig. 51A, but
showing the collapsed condition of 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



Fig. 53B is a schematic perspective view showing an internediate step in
the application of the coll apsible helical nenber within the tendon; Fig.
53C is a schematic perspective view simlar to Fig. 53B, 10 but showi ng a
subsequent W47 t h the col | apsi bl e helical nenber bei n@CTABEPY2AP®ed ont o
anot her helical nmenber to conpress tendqggfibers therebetween;, Fig. 54 is
another alternative enbodinent simlar to the enbodinent of Figs. 53A-53C,

but schemal | el igquirdd let ebirdnetic FHBARAINFe é@d&géﬁ&% JFHIBE! 5 { Alarld aPPI NG

tendon fibers with another helical ne r; Fig. I's a fragmented plan

vi ew showi ng gy@t her tendon repair apparatus enploying a collet structure

in accordance with the invention; Fig. 56 is a perspective view of another

collet-type anchor 20 _str ure s .l n_expl oded for Fig. 57 is a
oA ;

own ]
partially sectioned vi I SRDBTAHENPCISRtHYE YiIRWRshpwing angther
illustrating the assenbled condition of this enbodinment wthin a tendon;
WO 01/ 28457 Fiteratieg embggimentofg tendgy rppaip apearapescemploving:a collapsibleher
alternative helical anchor and internal retaining nenber showi ng a ratchet
st ruct ur €0 f orheligalbnembeny counter-rotati on of the retaining nenber; Fig. 59
s a perspective view of another enbodi ment 5 enploying two helical nenbers
with interlocking or iFigea8Bisi aigcltemabtic pefspgctidvieww shdwingossti ve view of
anot her alternative anchor
intermediate step in the application of the collapsible helical member within
the tendon;
Fig. 53C is a schematic perspective view similar to Fig. 53B,
10 but showing a subsequent step with the collapsible helical member being |
collapsed onto another helical member to compress tendon fibers
_ therebetween;
Fig. 54 is another alternative embodiment similar to the
embodiment of Figs. 53A-563C, 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. 57 is a partially sectioned view of the embodiment shown

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

within a tendon;



structure enploying a flexible helical anchor wapped around a retaining
menber; Fig. 61 is a graph illustrating a force/displacenent curve 10

conparing._a helical anchor repair apparatus of the inve inst a
convent i ol YHE&EE) er repair technique; Fig. 62 is a pergggfg?'?%@&i ew of
anot her alternative enbodi nent of the -Bgvention enploying two helical
anchors integrated with an elongate tensile nmenber; 15 Fig. 63 is a
partially sectioned vimg 58 ifiatpersheetive vidve vhlanothey iatterrativethelicaled i n
accordance with the invention; Fig. 64 is a perspective view show ng use of

the retri ?V%nclﬂﬁ\én‘a‘%nfémﬁirataiﬁﬁf; rébefShdwing BRAGINACtHIRUN RW
illustrating an alternative double 20 helix enbodi nent useful in the

tendon retri él}/eg)gngﬁé/ielggn&fé_éagﬁgai&é@g}g%in%ﬁ;&nbé}fi is an end view taken

along line 6 IS a perspective view illustrating

anot her alternative chor .structure enpl oyin ' anchor
nenbers, and an el ongézi?'eg§é§1§i és%ﬁgg&?e%%eﬁg%#%@??éggl 24098 - 37
Fig. 68 is a perspective view of a porhi_on of a toaql used to a ply the
anchor sBr ucemploving o helial memberspyvi! 'B’@?"ng'ggﬁ’ér"?ﬁeéﬂ“?gh'?@m' g’ned vi ew
illustrating the use of the tool to crinp the anchor nenbers onto a tendon
and the el ongat e t ensifig. 6 igrdpeEgPEctive vieyy of angthes @lteeative\BNEROf aken
generally along l'ine 70-70 of

structure employing a flexible helical anchor wrapped around a retaining

member;
Fig. 61 is a graph illustrating a force/displacement curve
10 comparing a helical anchor repair apparatus of the invention against a

conventional Kessler repair technique;

Fig. 62 is a perspective view of another alternative
embodiment of the invention employing 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 perspective view showing use of the retrieval

device of Fig. 63;
Fig. 65 is a perspective view iliustrating an alternative double
20 helix embodiment useful in the tendon 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;



Fig. 67, but illustrating the crinped or deforned condition of the crinp
menbers on the tendon tissue; Fig. 71 is a sectional vi ew taken general |y

al ong Ilr\g K)}I%%of 10 Fig. 67, but illustrating the cg ogdef or med
condi tion" 9 PR cri np nenbers | ocked onto the el ongate I’ISI e rrenb er;
Fig. 72 is a plan view illustrating an-3Fternative crinp-type anchor

structure enploying a single crinp nenber and elongate tensile nenber; 15
Fig. 73 is a secti onalFig.i 88vis alperspgetiee sielvy ohlaqpogtion of a7®orgsed toFi g. 72,
but illustrating the crinped or deformed condition of the crinp nenber

onto the tengsply the aHéhestnatareshdviae ieFign @t e tensile nenber; and Fig. 74
is a sectional view taken generally along line 74-74 of 20 F| g. 72, but

illustrating the crinmgg héd ORwWilustratipgi BRHliRe onto
t he el ongate tenS| |l e msnbgé Iéj€\8901/ 38%2{7]9PCT/ U899/L‘24088é ﬂ-qggsDet ailed

Descri pti on 9 ol H]giﬁf Ih%rén%%oﬁﬁeg%%%ﬁ% aqgﬂgor‘?Qle\{ﬁQ'e llre Devi ce

As shown |n a nove for repalring a ured bone
12 is sh wn. Th fractured bone repair device 10 has three 5 prl mary
parts, er’i‘P[ﬂ Tor rigid suture or filanent 14, a first button 16, and a

second button 18. First button 16 is ideally |dent| cal to second button
18. The suture or fil &ienfO ik ssﬁt"?'ialjl"tP"t‘)ltalfqne&?’tﬁ@ly aleraflinea R0 o

mul tifilanment. As shown nost particularly in Fig. 2, suture 14 has a first
end Fig. 67, but illustrating the crimped or deformed condition of the crimp

members on the tendon tissue;

Fig. 71 is a sectional view taken generally along line 71-71 of

10 Fig. 67, but illustrating the crimped or deformed condition of the crimp
members locked onto the elongate tensile member;

Fig. 72 is a plan view illustrating an alternative crimp-type
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 and 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.



10 20 and a second end 22. First end 20 of suture 22 is made rigid so as to
allow the suture to be drilled through a fractured bone 12, as shown in

Fig. 1. T, Ihei<d segnment 20 is placed in a standard drj shown)
aﬁ ql)_ngRg bE%Ig{%%%

which is we wn to one of ordinary skill in the art, preferably a
McroAire Wre Driver. The rigid segnmen8820 ideally has a sharp-point 24
to allow for 15 easier drilling. A sheath 26 may al so be provided for the
filament 14 etafled Description pf the Breferser Embodiméentss a part of this

i nvention. The sheath 26 would serv s an etensi on fromthe collet 28 of

any of the dre dus| Regai ise Two fornms are contenplated. The

first would use a 20 col | apsi ng sheath (not shown), such as an accordion

pleat such that the sixagkowhlin FIgechLF0,a8néve dedide TOYSSTebaitAGds the bone
12. alternatively, a concentric spring 30 may be nade of any of a variety

f terials. hal: TU. :
of materials. gl c{%ﬁé h2 is THSWnLeTHY 18 r%?Uﬂb%r%ﬁ%éﬁSﬁi%\Ei%Qqua%”%ﬁe% he

punctures from sna bone tragnents wnic t hroug

1110 Br0oE e, pidd Tl NS L EFTLYNANA09E o 198 KRUSHTE: ahd ™ot

0

be thin ehou owits ¢C e as pr ogr esses. eri al
must al so have suffjcient _heat. resistapnce or suff.icientl bgh  nmelting
poi nt that it3Fecqighbytion ég E%/rﬁtf‘?é‘q?@afgésew&?@\f Eﬁnﬂﬁalt'i‘?es#f‘plb%ﬂﬂ?e sheat h
16 will extend the full length of the drilling tool fromthe collet 28 to
5 fully protet® Jerssilive; Wﬁ?%ﬁﬁé&y kg tigigi flaxiblesmopefilamentor| ocat ed on

t he second end 22 of the suture 14. This pin 32 may be used for hand
drilling the roohifild@entwhet her the bone 12 nust be hand-drilled or may be

drilled by machine is based on
As shown most particularly in Fig. 2, suture 14 has a first end

10 20 and a second end 22. First end 20 of suture 22 is made rigid so as to
allow the suture to be drilled through a fractured bone 12, as shown in Fig.
1. The rigid segment 20 is placed in a standard driver (not shown) which
is well-known to one of ordinary skill in 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 moves 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 small

bone fragments which may be displaced through the drilling procedure.



a nunber of factors, all of which are well-known by these of ordinary skill
10'in the art. The filanment may alternately be passed through a pre-drilled
hole in the ?one 12. Regardl ess of how the bone 12 is '.ll/‘ljsggnm%{ye met hod

of opera?”loo%zﬁ St he bone repair device 10 is the sane. e rigd second

end 22 is drilled froma first side 343% a fracture 36 to a second side
38 of 15 fracture 36. The rigid second end 22 is .then pulled such that the
suture port Homvelr, is muastbienthirh entugtetd allowlits gollapes @safrillingeprogresses 14
being optionally flexible is that many bones which are fractured are small

in size andTReenavetiaPitist ¥lsd!HavBaffidiBnORék rebistacensra yuffichmitly ighone,
nost particularly a small bone, using prior art technology, a practitioner

must 20 Spe“ﬂxé&iﬂugggﬁﬁgﬁms Bhafredied byoHeIRlsY gahb@RbdGyRB drilll Sthesi de 34

and second side racture 36. If the suture used is flexible, the

first side 34, a n i t ' '  nce the
fl exible sut ﬁP%aq%41é§‘§ﬁ egg%gdtgl[qulﬂg Ih%‘?.theﬁriﬂg\%ﬂoﬁfb\ﬁgggeﬁg@% %a first
side 34 %nd ?eFond WD 01/ 25457 FCT/ US99/ 24098 -40 side 38 be sonmewhat
aligned, %t f4WRPOIRIBLUNIINGUFAULS 55 great a precision and rmuch time
can be saved. The suture 14 is preferably a nonofilanent or nultifilanment
wire or flexible pol yn@ptiomally a shentpinis %’Fagqétqn the, seeandenis 24 Pfithe size 5

and | ocation of the bone but, for small bones such as are in the hand, wll
fall within shtureddgeThis gn 32 mayheodsadforndwnd driingtirecboneThd. dwhetber ng
tensile strengths which will be needed for various bones and the tensile
tsL re egg: hs of thh@bbaeld 2t inusk be haad-dritled we inhaykbe drilléd by meacifin® isdbasadyorski | | i n
a number of factors, all of which are weli-known by these of ordinary skill
10 in the art. The filament may alternately be passed through a pre-drilied hole
in the bone 12.
Regardless of how the bone 12 is drilled, the method of
operation of the bone repair device 10 is the same. The rigid second end
22 is drilled from a first side 34 of a fracture 36 to a second side 38 of
15 fracture 36. The rigid second end 22 is then pulled such that the suture -
portion 14 is within the bone 12. The purpose of the suture 14 being
optionally flexible is that many bones which are fractured are small in size
and are not easily aligned. In order to properly repair a bone, most
particularly a small bone, using prior art technology, a practitioner must
20 spend a large amount of time precisely aligning the first side 34 and second
side 38 of fracture 36. If the suture used is flexible, the first side 34 and

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

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



10 Once the suture 14 has been drilled through bone 12, or passed through
a pre-drilled hole, it extends conpletely through bone 12 fromthe first
side 34 of fracture 36 to the second side 38 of fracturt;gi;g]s T&% suture 14

must t hen™@P12857red in order to hold the first side 34 P2AENd si de 38

together until fracture 36 is heal ed. TM6-suture is secured 15 on each side
34, 36 by a button 16, 18. Because each button 16, 18 is selected fromthe
sanme group ofide@Ssbéksemeadtiayrtigned)dt Bastgreessay tadwyeidscgreahay i n
reference to first button 16. However, it will be understood that second

button 18 nmayreBaish andmidhatimd@andie satedi s nost clearly shown in Figs. 5
and 6, two types of 20 buttons 16 are preferred. Fig. 5 shows a button 16

Whi ch includes a fla W & lhs BrdienBRy & PndHoflianemt & MbRiffambace 44 of
bone 12. Fig. 6 shomsnlg%bﬁ?tuon 16 \%hi ch iFVncI udes a flange 42 resting on the

surface 44 of 'rﬁgﬁ%ﬁﬂl‘ée g@kﬁﬂ&?%ﬁ&?&éﬁne%gro\fesutt%g ﬁdie&erfﬂs%ﬂ.h#&’-&iizgg the

t ensi on | oad"™ ure-14. utton as an | nner surface 46,

48 which_slidably LII... 01/.28457 PCT/,US99/ 98 ..- ts.and

ci r cumscPi bednd F'@“Pﬁ.th$°f‘ﬁé’ui§'nﬁ’érs"§q:%?°aﬂ:e§s&% 1as4%'eg%ﬂ§§§5§¢g,u t"gns 16 is
one or nore notches 50, 52. Notch 5Q is.forned such th [ .S an

ext ensi on of fall| within the rapse PEQ04A 4P &Oéfqghesf'ﬁﬂ'ﬁéﬂe@épii’ﬁtcéﬁ?"?ﬁ fl ange
42. Because suture 14 is flexible and somewhat soft, conpared to 5 buttons
16, a cri npi tepsti@strepgtits whishnyillrhe neased<fon vaboys bares the tensie or crinp
button 16 such that notches 50, 52 penetrate suture 14 and becone secured
to suture ldstrémgthbicf varigus thickdrsseoae Mell-knowmto ohe ob pedinanyasidilbih t o
suture 14.

the art.

10 Once the suture 14 has been drilled through bone 12, or
passed through a prle-drilled hole, it extends completely through bone 12
from the first side 34 of fracture 36 to the second side 38 of fracture 36.
The suture 14 must. then be secured in order to hold the first side 34 and
second side 38 together until fracture 36 is healed. The suture is secured

15 on each side 34, 36 by a button 16, 18. Because each button 16, 18 is -
selected from the same group of possible designs, the designs are
described only in reference 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 beneath the surface 44 of bone 12. Fig. 6
shows a button 16 which includes a flange 42 resting on the surféce 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



An alternative button 16 is shown in Figs. 7-10. This button 10 16 is a

| ocki ng spring washer. Wth such a button 16, the tension on the suture 14
may be increased, but not decreased. This type of button 16 |ocks by
itsel f wi MPHEY i nping tool required. The suture 14 i deBVYSP92¢E8 udes
notches or grooves 54 to aid in the attaphnment of button 16 to suture 14.
15 This nmethod if ideally designed for use with bones in the . hands or feet

whi ch are smabhfifctsBHd BREeamABlibesGurd1aEVEH thé fther @UFfack$M8) 4ig0sf fiy be
used in connection with |larger bones and may be ‘particularly useful if a

arger bone beRngkie didoridte ABRINGS 502! B CRogch1Bp igifaﬂﬁéﬁua% thige i 9i d

segnent, fil anmen nd pin nust adjusted to 20 effective Join the bone

and fragnent, espegially j he ,kRone. and I ., Jurnning to
fg. | 11°T T he s Rafartian ot el 4BF Bhefes BT 1ofloBe' BBVt 00us s,
The suture 14 (shown in dashed lipes).is . threaded through the nepiscus 56
froma first flépge 453 Becapsesutnie £$6%f'8’6b\ﬁ(9"6’l?‘2§ﬂ‘5’ apEIRPBIPAIRE - 42 of
fracture or gear 62. Wiile a nmeniscus 56 is tygi cally referred to as being
torn rat ffer bugionsrifraedmpingrieohdnat shom raaebeaisgd Ap|Press thyvamby et
should be understood to refer to both bones and to nenisci in the context
of this i nventcrimp buttordSeswth thad eosthesdd 0o 2 penetratebsytare/14rehdt 0 avoi d
confusion 5 with the invention (described bel ow) which relates to the

repair of tomacoinerstenred ¥ éutusd 1BUtIhQRIsIWay Sthet hutederd 160 18ndagi r cunscri bes
suture 14 on a first side 58 of the fracture 62 and a second button 18 is

attached to Fpdonfe dtfatRaltbR8sueUi4re 14 on a second side 60 of fracture
62. Buttons 16,
An alternative button 16 is shown in Figs. 7-10. This button

10 16 is a locking spring washer. With such a button 16, the tension on the
suture 14 may be increased, but not decreased. This type of button 16
locks by itself with no crimping tool required. The suture 14 ideally
includes notches or grooves 54 1o aid in the attachment of button 16 to
suture 14.

15 This method if ideally designed for use with bones in the
hands or feet which are smaller and more delicate. Howeve;, 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



18 may have the sane configuration as those descri bed above or may 10
resenble the tabs 144 as described in tendon repair, Figs. 17B. Tendon
Repair Device and Met hod The net hod descri bed nay be us ] y of the
rel evant WMOMBHE in the present invention. The prior a‘r;- T)#g%%ggﬂ}f or
repairing.a torn tendon is shown in Fig2-12, and involves making a single
| ong incision over 15 the location of the torn tendon. The present

i nvention (sBpactuieforgead 82. Whils aamemizcuse5arisl typitdilycrefared tpas being a t orn
tendon through one or nore skin incisions and two or nore smaller

i nCi si ons i nydGatipahln fACRired ZtHe0wotd Srdttule® addlidlli fofinsthérioe Shodldi S
I nvention may be used to repair either a tendon or a |liganent. The term

n d " 1 I I -
LT, AT RO o3y Sineriots el cyrtig

own 1 n 14, a surgeon nmakes a first
incision 100 i

n.the skin 2 ve .t he ' i n the
t endon 106. 'WVP"F'Q"EB"[ %?fet?]glf"%lﬁgtagﬂnﬁ aarLdg\?/cgéaf[b ﬁ%n?fgﬂggﬁ alvgg({r cﬁsk&y have
al ready been I F WO 01/28457 PCT/ US99/ 24098 ., -43 incised as.in.a |aceration.
Tt Such Bot Mt hadnVeRIGH (dessabed REZPAAPRIGH SPaIEAL0 T JPBRBIT A be
rel evant. The surgeon then nmakes a second incision 108 on the first side
110 of the f terstonsno Sirstrbutten 16Hs atiached fo and GIrpWRESTRes SWHUF 1A RN ) on 112
on the second side 114 of the first incision. These 5 incisions 100, 108,
112 pr ef er abFiysti sido bBeoftbe dramturer @2 snd assecond ibsittons1 § is attaehed torandyy "
I ncisions. Additional small "w ndow' incisions may be necessary to gain
access for relrpirRéalibedf sutbe 14monsesuhd side 60nafi fsactnse 620,Butdérs 162 nmay
al so involve rolling the tendon or |iganent sheath down

18 may have the same configuration as those described above or may

10 resemble the tabs 144 as described in tendon repair, Figs. 17B.

endon Repair Device an ho
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
16 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 invention 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 location of the tear 104 in the tendon 106.

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



a distance of about 3 mMm A needle 116 (Fig. 14) is then threaded with a
10 core suture or elongate tensile nenber 118. The needle 1167 is

pr ef er abl waged, large radius, non-cutting needle, ' t he
needl e 11 penetrate the filanmentous tendon 106 w t\tltﬁout}tg&\/?/ea‘t?gér{l\?ng it.
For flexor tendons in the hand, the sutdde 118 is preferably USP size No.
1 or No. 2 and is preferabl made of a nonofilament of polyester,

stai nl ess st insisedms in5a [aserajionet if sugh @s the cageh @nhha gmallineatening wftthei aI
The needl e 116 and attached suture 118 are then inserted into the tendon
at the firstirgisien bidy betelevantt ekhe ditdeor itememites aldegoaddndisionsiQ&ire 118
travel down the <center 120 of the tendon 106, exiting at the second

i nci si ons 108n tABSirstSsitig aAqD 6 firds Ricisiornaed, eTHéﬁu?%dn%ﬂ:&ﬁﬁﬁﬁds%Ut ure 118
at approximately 20 the sanme center 120 of the secon i de 124 of tear 104.

The needl e 1384 meté\tﬁaet@rdtmwoﬁdlst& ‘?’mtoftt'ﬁ% firsDeRidP4Thesough the
third incision 112 on the second side 114 of the tear 104. The suture 118

s then i oy gagehe FHBN 108 1okl 15ldiFe Ta7ordl hRBdE8inekidod, Br O 200

into abuftingr |onSh| € SecC Si de shown
nost clearly 01/ 28457 PCT/ 9/ 24098 44 Fi 13. A sec nd suture
118 may al so® h%'é {87 o 'f‘ﬁ?lﬁ"tsedk%qit'ﬁn iSmalljwindg i'agisions M@y Pepecone

clear fromthe foll ow ng, descri ?t ion. Once the suture 118 has been
properly pl aBeeRsSATY. FRIGRINASCEHEE foragtiayabpfithe tendomesnd. af e inisiansit t i ng
rel ati onship between first side 122 and second side 5 124 of tear 104. A
first way of 190¢c108nd lihmayalsa involyewotlingathedendery oofigirnentosheath Alown st
enbodi ment is shown in Fig. 15 which shows the use of a sliding anchor
button or bodistafice Af aboge8mnuakAaneadit Bb6 dFigshidt ismhencthisiftiednwith a
10  core suture or elongate tensile member 118. The needle 1167 is preferably
a swaged, large radius, non-cutting needle, which allows the needie 116 to
penetrate the filamentous tendon 106 without weakening it. For flexor
tendons in the hand, the suture 118 is preferably USP size No. 1 or No. 2
and is preferably made of a monofilament of polyester, stainless steel, or
16 polyglactin 910, or other high strength material. The needle 116 and
attached suture 118 are then inserted into the tendon at the first side 112
of the tear 104. The needle 116 and the suture 118 travel down the
center 120 of the tendon 106, exiting at the second incisions 108. The
surgeon then inserts needle 116 and attached suture 118 at approximately
20  the same center 120 of the second side 124 of tear 104. The needle 116
and attached suture 118 exit the tendon 104 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



the tendon 106 in an area generally under the second incision 108 made on
10 the first side 110 of the first incision 100. The sliding anchor button

or body ]\380%444973 onto the suture 118 and into the stab]r] %g %@? under
' 0 et

the exterror surface 129 of tendon 106. The sliding anc h 126 has
burrs 130 which serve to assist in hol didd sliding anchor button 126 in

pl ace in tendon 106 once it reaches the desired | ocation. The burrs 130 15
are direct ed Haich3t Hasecdral/sutuee 1 48imay alswaedd tothe ineented 0va sindilarener al | y
outwardly fromthe suture 118 and serve to reduce the possible notion of

sl i di ng anchdasHioh ! 85 wilk Geedriie tolearl ifedin ithel fallowiag alesetiptioradOnte the der t o
properly place the sliding anchor button 126, a tool 132 should be used

which is capabh@eof1& 088 besn iphepeiyt Maced, iSMulRee sebuediididideraidchor but ton
20 126 fromconmng into contact with tendon 106 prior to its correct.

pl acenent. The.. | Sird LY W S0, 130 can
Pear or ot herisibeh e SnlririRiioRehip 3 aen Tl 192 MPscUieside oo
126 is irhpl a'C@U {]Fe t1 132 is retracted and sliding anchor button 126 is
swaged toO the PUIT 1'18*such that slidi ng anchor button 126 is attached

rn.. WO 01/ 28457 PCTNSig_24098 -45 to and at |east partially circunmscribes
suture 118. Figs. 15A- St MRy of sepyripg i eéF“ﬁSé%l"‘B’f"Eaf’SPW %/fo'?u"it‘?fés'sl i di ng

anchor button 126 in cross section. FEach of these sliding anchor buttons
126 has a wi d firsprenpbedimentis/shawm in Figs 1§ whisht showsthendsecafia islidisgen i n
these Figs., the sliding anchor button 5 126 can be configured such that
it slides ontancbort buttori b8 biody e 6h gAtsurgsarethakes aistaliFiog slit woBnd J28 wr
through a side slot as in Fig. 1 5A. Note also that in these enbodi nents,
t he burrs 13@héténdbn ©O664d ahadleagbyerally under the second incision 108 made on
10 the first side 110 of the first incision 100. The sliding anchor button or
body 126 slips onto the suture 118 and into the stab wound 128 under the
exterior surface 129 of tendon 106. The sliding anchor button 126 has
burrs 130 which serve to assist in holding sliding anchor button 126 in
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

1T



outwardly fromthe suture. Once the sliding anchor button 126 has been
pl aced and swaged onto suture 118, the stab wound 128 is closed, 10

pr ef er abl a continuous mcrosuture. As can be seef 16A, the
stitches ﬁ?ﬁé’zg%%l ose the stab wound 128 nmay al so penetra‘i’ﬁg ?o S?I di ng

anchor button 126 and to optional hol es-4633. Once one sliding anchor
button 126 has been placed, a surgeon can insert a second sliding anchor
button in theo andat least partidiig creomstribeslsufiiéd 108.t Figsf 164t 15Dahovor 100 15
bel ow the third incision 112. During the installation of the second button

126, the abuihdigy dfedcdisithd fdthis Reithe 8Nding! sichet BattdR2A 26 1th sesRecEbAe 124
of tear 104 is assured by pre-tensioning the core suture 118 as the second

button 126 | gaa4 bRehes sn@ﬁnfrem tRiAsOPES had aWlichn W0© Praterds Silarh” ! oo!

132 or by manual neans. er of e proce ure ist ame as 20

Si'de 120 and LB ORINCE MRy e Qﬁkg’%s%ﬁiﬂﬁ?‘i%e BE"3h ?‘ﬁ”ﬂ%ﬂopﬁﬁﬁ' h*16

The inC| |ons 0, 108, 112 | osed in Qn known |n the
TS o BLY 32bunchs bretdisdsieh o msgéﬁ%ﬂatoeﬂﬂam Y2k bRt ng
buttons is shown in Fig two sutures 118 are used to hold

n .
P e S e 3 Denden.cuifion] tRB-155s o ihtasi s Hooratas Biiae: oALNA

menti oned above. In such a case, a first suture 118 nust be placed to one
side of the eisotthat iPthese mmmeﬁtsloﬁedunctsm:ﬂbamwiirmlednrﬁialm must be

pl aced to another side of the center 120 of tendon 106. If this enbodi nent
i's used, no suAWakiby Adm tedsitare. MOHCeithe ishidingeindtsr bOtion 126 has beawodi nent,

once the suture is placed, the tab buttons 136 slide onto suture 118 until
they reach tBRceytdfid f¥aged onto suture 118, the stab wound 128 is closed,

10 preferably using a continuous microsuture. As can be seen in Fig. 16A, the
stitches used to close the stab wound 128 may also penetrate to sliding
anchor button 126 and to optional holes 133. Once one sliding 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 tear 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.



surface 129. The suture 118 may be placed under greater tension by 10
pushing tab buttons 136 such that they place sone pressure on the ‘exterior
surface 1 of don 106. Once the tab buttons 136 hav Lble,"i# 098

appropri at e?y pl'aced, they are swaged or crinped to suturée such t hat
they are attached to and circunscribe at48-east a part of suture 118, as
shown nost clearly in Fig. 17A, by a swaging tool 140. Preferably, as 15
shown in Fig. 176, theAtsdeohdtenmbodiiaéntassecuringchuttonssisabewraimdFigndZudes a
central portion 142 and a circular flange 144. The central portion 142 and

flange 144 inglrgle B wiebutldés W8 Qe abed'6s hbRbfifet sideM 438ank @ebn@ fde Y
pl aced on suture 118. Wen tab button 136 is in place, the flange 144

ext ends radi glday; I i,n Fig. 20
17 “The 1 ab oy mrebUBhg lafondHts S s indribnel Mo R syeh aheoet )

outvardl y {1 Ll lig, 241 Y A4 A0 SFtY Snb Qs eSPHe ok 8P1 24k RHRgd 2 1 1

pl ace and di e the aXla ce I'rs ab button has been
pl aced, second, third, and foyrth tab, button 136 be simlarly placed
lsing a 8 m 11016 4 Rogcend Subh 195 TUET beplacal tangeide Shine CRdt 4008
-47 The tab button 136 rraa/ al so_be used with a different enbodinent of the
suture, as sH&khof tendops! 06.g i thisrembadimant is useshNorglab waurd peed bad
monof i  anent 150 is used. The split end suture 150 is inserted in the
center 120 oimdde isttheitdnddare206f Inahiscembodiment, encekheSsutyre: iseplagedact i on of
the arrowin Fig. 18A. The split end suture 150 has a first end 152. The
first end 15zhe@tatsplitbnend6ssliderontd sOture I8 undkicthientreach tHe exaeripart 154 and
a second part 156. Wen split end suture 150 is
surface 129. The suture 118 may be placed under greater tension by
10 pushing tab buttons 136 such that they place some pressure on the
exterior surface 138 of tendon 106. Once the tab buttons 136 have been
appropriately placed, they are swaged or crimped to suture 118 such that
they are attached to and circumscribe at least a part of suture 118, as
shown most clearly in Fig. 17A, by a swaging tool 140. Preferably, as
16 shown in Fig. 17B, the tab button 136 has a circular shape, and includes a
central portion 142 and a circular flange 144. The central portion 142 and
flange 144 include a slot 146 which allows tab button 136 to be easily
placed on suture 118. When tab button 136 is in place, the flange 144
extends radially outwardly of the suture 118, shown most clearly in Fig.
20 17. The tab button 136 may include burrs 148 which extend generally
outwardly from the suture 118 and serve to keep the tab buttons 136 in
place and distribute the axial load. Once the first tab button 136 has been

placed, a second, third, and fourth tab button 136 may be similarly placed

using a similar method for each suture 118.

T



inserted into tendon 106, the first part 154 and second part 156 are
contained within a cap 158 to retain first part 154 and second part 156 10
together. Cap 158 has a sharp end 160 to allow cap 158 to penetrate tendon
106. AfteWVOHE@84p| it end suture 150 and cap 158 reach afCTARTENN ate
depth, the split end suture 150 is withdrawn in the direction of the arrow
shown in Fig. 18B. The split end suture 150 is withdrawn only to just

beyond the cap 158. Thenestabi Butesrl 188! Ha¢ alddtbd Gsdd@ithpalgifestentt an 15 i nward
direction as noted by the arrowin Fig. 18C. Wen the split end suture 150

| s pushed, tQﬁbﬁhfrﬁént%rthe%éf‘gs%ﬁSW?\dinﬂg?sI. 1981981 in 8t and

eventual |y break the exterior surface 138 tendon 106. A fifth and sixth

tab button 136,ar e . . h ESt part
136, respect PoePyetic R kAR Foristianie 1601 BRbd;, ThE 0 438 30N,
attached to .at least, partially cireunscrib he' first t 154 and
Second part 18848 insEiaati e cpnter A af B st 2B T ASTHG A0 s ML
second end (not shown) of the split_end suture 150, which is substantially
t he samebas by fiae direationpfithesarray igadfig: 183Ad Tha splis endosutyre18@@sE end

woul d sinply be inserted into the second side 124 of tear 104. O her

consi der at i ofisstwimdcd 200 The/frgti&id PER ef3gdit 200 3Viture4B5QuisiHivided inkd avant are
that the split end suture 150 should ideally be inserted such that half of

it extends i fits? parehSafantdi & sécoridipart A% 6anWheaaplitd endisteurk2¥60 &nd the first
side 122 and second side 124 nmust be held in an abutting. relationship, so

that the ent{fsgrtb8 o teRtioh NDE Rhé i shre Y6Y shdlsétondSpurt1€edgew thin the
tendon 106. The tab buttons 136 used with the split end suture 150 are the

sane as t hosg, fRHddORAHincE thh A5 2 RFrdtEN ABChHTA 54 LARYESordd Bat’ 188 TS 148.

10  together. Cap 158 has a sharp end 160 to allow cap 158 to penetrate
tendon 106. After the split end suture 150 and cap 158 reach an
appropriate depth, the split end suture 150 is withdrawn in the direction of
the arrow shown in Fig. 18B. The split end suture 150 is withdrawn only
to just beyonﬂ 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 aﬁply 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



Turning nowto Fig. 19, a third enbodi nent of buttons is shown. The
transverse button 162 is again used in conjunction with two 10 sutures

118, inser §(3 atis4 escri bed above. The transverse button 162/U as shown in
Fig. 19A Y#¥3thed to an partially circunscribes a fi PTVUERPR 118 and

is swaged or crinped onto the first sutu4® 118 with a swaging tool, such
as tool 140. Another transverse button 162 is attached to and partially

ci rcumscr i beswaulgesoreteaint ate tHat3henglit end sawee 160 shoulp &italiptbe 15 t he
second suture 118 with a swaging tool, such as tool 140. In this

embodi ment ,  tjRSertdPAESHEINER HAW 4100 Bxidhds I ddchasiMdt bRIeCPEN aRli RBEoRY 2

tel escoping mating pin 164. Attached to one of the transverse buttons 162
is the male [ ; i R r
transverse bt%?‘?%plg?és%ﬁfﬁstﬁ% ﬁ"é&?se@%l ?gag'rdt%o%ﬁ"%g&g?g?r@%‘f‘%??@Hhﬁ?ﬂe mal e 20
portion 166 and.fhe f | e.portij,Q r h to ds .each o r

t hrough tend Uﬁ%& "?)ﬁ@ﬁ"sme“p%v’? it%% %ﬁ@rgﬁgﬁ%{ﬁ %ees\'ﬂ@g re?'f’ (?H%irgétk?@ac h

each other, they tchet and | ock, ereby causi ng gne of ,the transverse
but tons. 162 xhouid Be TR A 4o HhfrerThe Ak BUEIo88 LIk kST Y the SpIN v
01/ 28457 PCTI US99/ 24098 -49 The second nethod of securing the suture,

i nst ead of udgAndgsutpia 190 are the pgmadsithose mengipned entliesjand may Hiciuge o Fi gs.
20A and 20B, the suture 170 includes barbs 172, which serve to secure the
suture 170 arfthngds 944 ubbwrs Nd48axi al | oad. When the barbed sutures 170 are -

inserted into 5 tendon 106 as descri bed above, the sutures nust be
conpl etely surrounded Thshing aeantd Figl 19, arthivd leefbgdiraercdf bettdsyisce whi ch

serves to keep barbs 172 from becone attached to tendon 106 prior to
proper pl acergiglvn. OPRE transverse button 162 is again used in conjunction with two
10 sutures 118, inserted as described above. The transverse button 162, as
shown in Fig. 19A, is attached to an partially circumscribes a first suture
118 and is swaged or crimped onto the first suture 118 with a swaging
tool, such as tool 140. Another transverse button 162 is attached to and
partially circumscribes a second suture 118 and is swaged or 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.



suture 170 is properly placed, as shown in Fig. 20A, cannula 174 is

removed i'n any standard way. The barbs 172 will then keep the suture 10 170
in place and keeg first side 122 and second side 124 of beus odg"
abutting rWPAUPHALhi p. An alternative installation proceds imay be used in
this invention where a single suture hagga needl e on each end. In which
case the needles enter the central wound opening and each penetrates the
15 severed end of the tmedseond Meethud ofsedudsg tivy sutyrée ninstgadsiftusing r ect i ons
to exit at one of the w ndow openings spaced fromthe wound. After each

needl e exits §igordltig'b§ ds'ﬁnéj i RuRditsae TTheihgne Figss 2OA ané 20Bawhet oget her
by the structure and procedural steps described above. Device for Securing

a Torn Tendono@greﬁﬁanﬁcuaa T Birbe! 1221W,2R dob) @8 Seditolth sutsreol 7kt Lon as

descri bed abt n connec lon with nown bone anchor in order to secure
a tendon

attaching a b‘%ﬁg%%ﬁéﬁgrﬁgiagﬂlaghm é% 'bgfbr“édﬁ%“‘gbe}y%%@g%g‘%%ﬁg?{ 204 is

installed in a WO 01/ 28457 PCTI US99/ 24098 -50 ho I 205 i.,n. t he bo
Any of th8 sttendand dRasd Sﬁ@'mﬁdsa%@(&wﬁh‘?ﬁ ulures "H‘isf 5r%PTRIFtely Flé"mé'gd?cgng as

they are capabl e of bei n_cy; attached to a flexible suture 206. As shown in
Fig. 21, a slbyempnantehbl4enother protedtive davigewhich serveste kess Bpebssut ur e
206 and at least partially circunmscribes the flexible 5 suture 206. The

sl i di ng anchot72utémrbesbmenattachedroctendon 1Q& prietito proper plagement.2 ndes
inserted as was described earlier in connection wth the tendon repair

devi ce under éLhI%réquai‘éQar%&JOéla&é‘tﬁ dscstetoon 20 Fig. BOAjicapnolav 74 id-i 9. 22, a
second enbodi nent of the tendon
removed in any standard way. The barbs 172 will then keep the suture
10 170 in place and keep first side 122 and second side 124 of tear 104 in
abutting relationship.
An alternative installation process may be 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 for uring a Torn on to a Bone

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



bone anchor is disclosed. This enbodinent is nost preferably used when 10
the tendon has a relatively thin cross-section, such as for exterior '

t endons a‘ﬁg ngsé | i gaments. Again, bone anchor 204 is installed in a hole
205 in tREYEHY 200. Any of the standard bone anchors KSBWR*2#%he art are
suitable, as long as they are capabl e e80being attached to a flexible
suture 206. Also attached to the flexible suture 206 is a tab button 212,
whi ch 15 i ndlolel@295barthe bdhé 200.eAdy f thesesradadry bpae ahtikdrsviiniowr Irewie! e
suture 206 and radially outward on flange 211. Tab button 212 is attached

to suture 2Qft hiessuitble\ass 18R§ &6ithey ardexsabie! 6h bbinglatiathel b taoflexdBig | S

attached to and at | east partially circunscribes suture 206. Anot her

enbodi ment  Qfirdet FHEIOAL Shdvith E PQH[aas‘i’iggfg‘f‘énc of PUttoR 20 isS Y Ehdd Fi 9S.

23A-23C. In thi's enbodi nent, apparatus 2 udes an elongate tensile
menber 252 | n r..254 u by a knot
or other st gg qﬁg%gﬁlgéﬂﬁﬂg ggﬁaﬁgn%ﬂlg;?}sg |ﬁ@989§%mgcr oﬁ\}gﬁﬁreﬁﬂjfe bone '
anchor nfi gure r_retai,nment within a bone, 256. Apparatus 250 further
el e . 1aHrBR08 . The DUERAnehan bHtEPn ShEWICn G Er Barh 57 HHthe bRV 24005
-51 which has been rotated into a tendon or |iganent 260. A retaining
nmenber 262 anghet BOfdy inseried\ascwayp dpseribedseaslier in onpaction withsthenbodi nent ,
recei ves elongate tensile nmenber 252, which nay be a strong suture, and
sl i des down temdan tepaitctevirgOunder shewarface Ri1§. of2hB. tenddom@R2ng nenber, 5 which
may be a crinp nenber 264 receives elongate tensile nmenber 252 and slides
down on top of retai nTomimgnbertodag. 28ca aetmd eivibodbnelaf ofrthiedendon-
bone anchor is disclosed. This embodiment is most preferably used when
10 the tendon has a relatively thin cross-section, such as for exterior tendons
and most ligaments. Again, bone anchor 204 is installed in a hole 205 in
the bone 200. Any of the standard bone anchors known in the art are
suitable, as long as they are capable of being attached to a flexible suture
206. Also attached to the flexible suture 206 is a tab button 212, which
15 includes barbs 214 extending generally parallel with flexible suture 208 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




or crinped and | ocked onto elongate tensile nenber 252 to hol d apparatus
250 together with a portion of tendon 260 held firmy agai nst bone anchor

254. As fyrt etailed in Fig. 23C, the conpressi bl e, ' chor 258,
ﬁ{g )}Hﬁé@\;g ﬂ(i)‘ﬁjﬁdsgé}ho?ﬂ"

10 which the tapered configuration as shown or er
configurations as detailed herein, trafd-fiber 266 of tendon 260 in a
generally sinusoid pattern between respective coils of anchor 258. Anot her
enbodi nent oévhich kasibeeri rothtmkinte patiendap paligérnen®260. | A retaiving inmerkbers .

24A- 24C. Apparatus 270 al so conprises an elongate 15 tensile nmenber 272

connect ed W bB2awWHdIE M CiMph2édmpeise & diallButten irthis enitddient,op, knot or
ot her nethod. Bone anchor 274 is fixedly secured wthin a bone 276. A

hel i cal anchpice?ed él@’ng{]a% Wssel lﬂE&b%{)tZSQ‘,jWhi@H madyl WH%@ForﬁgﬁgﬁFﬁj dndl.

conpressi ble. Unli ke thhe previous enbodi nent, however, a r 278 i s

I nserted gengli%él %%\)%go:ﬂté%%m%)ﬂ Esb%slghr&g‘g}/\qgtﬁgt 9§BZOA Ilggﬁﬁ#ﬁémé&ndon or

| i ganment 280 I'S COnpr essi genheral l'y fength, as

shown in_Fig. 24B. en_a .retainin er.282 is recei.ved on elgngate
Censt | o Boms By ke & SHOMCEBbH AL (anivan eomste SEiRaTeBbeE 2Baonor
274, this will conpress helical anchor 278 in _a_ sideward manner as shown.
A | ocki ng meabeé sligemdowh; entopyel retainingmemban262/ whereruperyjtis dstormesbs - 52
crinp menber integral or separate fromretaining nenber 282, is then slid
down el ongat er ceimpetd @nddadiad ontel elongatettansilenmembeb @5 228Phold appladatus
apparatus 270 in the position shown in Fig. 24B. As shown in Fig. 24C,

el ongat e t en2bDetogethee wilty 3 poxtiemd$ téddanu60 ekl fieniycagaiistitednecarichanchor 5

278 generally along the | engthwi se axis thereof and fromone end to the
ot her, althopgh, t Ae flvghérCddtaftrinOFigMRBCI MR EbMbREsiIe, hdlieal sféHoy 28 ,anchor
10  which may have the tapered configuration as shown or other configurations
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-24C. 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



274 in other manners as well. Fibers 286 of tendon 280 will extend between
the coils of anchor 274 in a generally sinusoidal pattern thus firmy

t rappi ng 4 within tendon or |iganent 280. 10 An di ment
290 is shg‘% h’?ns‘é‘zg. 25A. Apparatus 290 conprises an el g%@?%@?@gsi |l e

menber 292 suitable connected to a boneb2anchor 294 by way of a knot or
stop nenber 292a or another nethod. Apparatus 290 further includes a

hel i cal anchoerirap Snembercintegyali or sapargtedfam agtajining mumeber 282, isghdnstidei ved
on elongate tensile nenber 292. 15 A retaining nenber 302 is al so received

on el ongat e tdswh leforigand esnsie InerdBerségaltisti retdmigg Mérberl RBRIitBholebers, in
the formof projections 294a, 294b, 294c, are di sposed on bone anchor 294

and regi ster AdparSeRi270eh thel fshictPdowr 7 Pig. 308 AkishoWr Bimghoag nember
302. Apparatus 290 is wused in a manner simlar to apparatus 250 shown in

Figs. 23A 23%Ion€3t§8ﬁ9ﬁsi%%5m%r Q&?%t?@ébﬁ@hg@?ﬁ@&e&%ﬁ of RBIEH SRchSE at ed

into a tendon, retaining nenber rotated simultaneously
wi th helicgal har 298 f _ancho IS t et ai ni n nmber 302,
and | ocked ont©o SSH%’aﬁ‘éﬁL%grtﬂfgﬁnétﬁ’ﬁ%%ﬁ’%F ﬁh&?%gﬁgtf% oﬁ'ﬁoﬁ"é’c | oS 294,
294b, 294c within the espective s]Jots 3Q2a, 302b,..302c. The insertion and
retai nment of Ol t&\°u9£')tbgf‘2f§9%?“ ) Ay dPeriyyae withthe,calls ohapchgri hin a
tendon or |iganment may advant ageousl %/ occur in a single surgical step if
hel i cal anchot74gsother seanners as webk: Fibers: 286 ofitendon, 28Qwill estenshber 302. In
this case, for exanple, rotation of retaining menber 302 can
si mul t aneous| betweeattbe icoils ofibnamrh274 98 generally sirmisdisial pattérn thysnent and
| ock the assenbly onto bone  anchor 294. Anot her enbodi ment of a tendon to
bone repair ofrpsly atappingléhchor 274 within tendon or ligament 280.
10 Another embodiment 290 is shown in Fig. 25A. Apparatus -
290 comprises an elongate tensile member 292 suitable connected to a
bone anchor 294 by way of a knot or stop member 292a or another
method. Apparatus 290 further includes a helical anchor 298, which again
is preferably compressible, and received on elongate tensile member 292.
15 A retaining member 302 is also received on elongate tensile member 292
as shown in Fig. 25A. Locking members, in the form of projections 294a,
294b, 294c, are disposed on bone anchor 294 and register in receiving
slots 302a, 302b, 302¢ within retaining member 302. Apparatus 290 is
used in a manner similar to apparatus 250 shown in Figs. 23A-23C, except
20 that after helical anchor 298 has been rotated into a tendon, 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

anchor 294 through the receipt of projections 294, 294b, 294¢ within the

respective slots 302a, 302b, 302¢. The insertion and retainment of helical

Ml



Is showmn in Fig. 25B. In apparatus 310, an elongate tensile nenber 312 is
agai n connected with a bone anchor 314 by a suitable nethod, such as a
knot 312a. Bone anchor 314 is securely affixed, such as by a threading. 10
action w WQ#H/2845one 316. A helical anchor 318 is recei 28 %8hgat e
tensile nenber 312 and is adapted to be-g¥tated into a tendon 320. Heli cal
anchor 318 is connected to a retaining nenber 322 in this enbodi nent
ei t her thr ougAcliom28®atitisiala ehdon lof Gigameao mecadvantagedushkoemyr inatber 324,
whi ch again may conprise a crinp nenber, is integrally 15 formed with

retaini ng neghgle $drdiddl siésu' % nalicfranahby 2981 edhABEted fbArdthfion abitimched
configuration, apparatus 310 is very simlar to apparatus 250 shown in

0 2 onel Sfettirbl BRHG@ sGRCRP G Heb Aol BubirpRhTtraficUierdifiRO", 520 and

fibers there g general Ty si nusoi dal etween the~coils of

anchor 318. 20 other alternative tendon bone repair ratus 330 i s
shown in Fi g.'"%.e%%ggﬁawém%@%“‘?%éfw a ea'ﬁeq'é‘?l)ﬂ'b % 2[9282&??3 90ABR 330
connected in _a suitable rigid manner to bone anchaor, 334 such that it may
be pl ace® i nfigamentapq lo %@%ﬁ?&ﬁ\wy ente bane,gag "aiq xed securely within a
bone 336. A helical anchor 338 is rotated into a tendon or liganment 340 in
WO 01/ 28457 PCT/ US99/ 2A0gther embadimanhef a dendormto bene repadmarparawst31Q or
exanpl e, of ‘Figs. 23A-23C. in this enbodi nent, however, a retaining nenber
322 is provi teshdéwn intFig.cZ6B. Irpapparatusi 3@ an elongatehtansile okNb&381 235 shown
in the assenbled condition of Fig. 26. This traps fibers between retaining
nmenber 342 angainhoriictéd Kithta BORE @hckictt3 1By S6itable ngho@diesh 8418 i s

securely received within anchor 338, a |ocking nmenber 344, which may be
integral to Qhot8A242tBorld MBhor 314 is securely affixed, such as by a threading.
10  action within a bone 316. A helical anchor 318 is received on elongate
tensile member 312 and is adapted to be rotated into a tendon 320.

" Helical anchor 318 is connected to a retaining member 322 in this
embodiment either through a mechanical or integral connection. A locking
member 324, which again may comprise a crimp member, is integrally

15  formed with retaining member 322 in this alternative embodiment. In its
attached configuration, apparatus 310 is very similar to apparatus 250
shown in Figs. 23A-23C with helical anchor 318 being trapped within
tendon 320 and fibers thereof being generally sinusoidally trapped between
the coils of anchor 318.

20 Another alternative tendon bone repair apparatus 330 is
shown in Fig. 26. Apparatus 330 includes an elongate tensile member 332
connected in a suitable rigid manner to bone anchor 334 such 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



retaining menber 342, is slid onto elongate tensile nenber 332 agai nst
retaining menber 342 and crinped onto tensile nmenber 332. It should be

appreci ated t al t hough the el ongate tensile nenbers
enbodi rren‘fvgoéﬁg‘\tﬂ] in Figs. 23A-26 are flexible sutures, P?ﬁ/gégﬁﬁig?/ al so be

nmore rigid tensile menbers, such as nenbérs nmade of bioconpatible netals
or they may alternatively be formed of absorbable materials. One or nore
of the othera elanmensimiter toitbe emhasimeant, dobexamplepaf Figspgdfa?ds- By al so be
formed of absorbable materials. 15 Alternative Tendon Repair Apparatus The
i nventi on cogmissembatizeerity hblv@ver rdoedainingt membet 822ds provided heroat least

| i gament-to-|iganent repair apparatus. For sinplicity, only the term

"tendon" is wgfidl MSeRion WithiPdndhes 3381 48 Shovin lire theeusseimbiled cgadieival of
procedure is appropriate with reference first to Figs. 27 and 28. Wen 20

faced wi th r@gabpl Nehig tepYaitRfs BondbdierethinMgdRBRIRH Suondieiih dilsaF geon

must nmake an Fhcision to repair the severed or damaged tendon. Figure 27

shows hg?)gggql@lﬁwg%&? ,[ ﬁ‘ew'cg Rethidify ﬁ%@nﬁr F4d is%hr%? E'efé?\?%]& Rernity grEREred

I nci si on sufgeon 1o gal n access. er the incision has |IF.
WO 01/ 28457 PCTI US99/ 24098 | - ee de the skin flaps 354 are reflected
back for ful $39ia/lpg "%me&hb%?ﬁkﬁé"&&g?% egewggrsqﬂ}%gaﬁawr?fe f}g rieve the
proxi mal tendon segnent 356 of the danaged tendon througgza triangul ar
wi ndow accesketainEggTembes $4a islidhontorglongats JanSiemeMbsE §32388I0SY angul ar
i ncision 358 hel ps prevent the end 5 of the proximal tendon segnent 356
f rom cat chi neptainingi mémber Fdi2sansherpped gatq terjsie mamben332. thghayld bgy
segnent 362 of the danaged tendon will al so

appreciated that, although the elongate tensile members of the

10  embodiments shown in Figs. 23A-26 are flexible sutures, these may also be

more rigid tensile members, such as members made of biocompatible

metals or they may alternatively be formed of absorbable materials.. One or

more of the other elements of these tendon to bone repair apparatus may

also be formed of absorbable materials.

15  Alternative Tendon Repair Apparatus -

The invention contemplates further embodiments of tendon-to-
tendon or ligament-to-ligament repair apparatus. For simplicity, only the
term “tendon” is used herein at various points. A review 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



be retrieved in the same manner. Once the tendons ends have been retrieved
as shown in Figure 28, they are held in place tenporarily with
transfixation needl es 364. The function of these needles Pi é‘ﬂ%ﬁ?y{l&;sd the 10
tendon segW@AU2848E56 362 together without damaging the tity - tendon
whi ch nmust be kept as trauma free as pos8gble to pronbte a good repair.
Figure 29 shows the transfi xed tendon ends 370, 372 wi thout the

surroundi ng ape¥rPMAade tHe skinNfidps<@54 @ie reftatited bacid forl fiull adaicatidatiore of Shevi t h
the invention, access incisions 374 of about 0.5 cmin length is nade

appr oxi mat el yqndge Mrhe Qirddih WAFRAREGSI R PRoXIE). teRden @bgieat BEBIONthe

Preferably, a No. 2 suture 376 is placed in through the access incision 374

of the proxi : of

t he proxi mal ”@%@%&E?@%ﬁfﬁf@qﬁé%%ﬂléﬁ endtaggecgs{(j)‘fl Sftsﬁggeglsgﬁﬂﬁﬁgndon 20
segnent 362 and out, through e access incksion ' ' |__t,endon
seghent 362. %r?c'é’npﬁg si‘ﬁ? %é§7ﬁest?fﬁ33@g'qcéﬂ§? ﬁ%@&&%ﬁﬁ)ﬁ%&%&? hgen endon
with a needle 378, the surgeon pl aces nchor sxstem of this. .iny i on
"nto the BendehihsBEpPXing) tghfion sEament BB ARSENING 98 WiNiow, INCisipR S8  at es
an alternative tool 392" for rotating helical anchor 390 into the tendon.
Tool 392' i ncasiitds retrievesti Jihe, disial segmentiB62 afdhe damngeddendem willjalso

enbodi ment shaft 396" is contained within a hollow sheath 397 which is .

al so fl exi bl ebe fetrieved iratheosarsé marinerc BE@ the téhdpusendshave heen sheat h 397
and may be actuated between a retracted position within sheath and an

ext ended posi tdtfgvéhas BRYWNIiN Fidute 28] Ahey ard heldiih plsde winmpararilgxaithl e shown,
structure 399 conprises spikes that flare outwardly into
transfixation needles 364. The function of these needles is to hold the
10  tendon segments 356, 362 together without damaging the tips of the.
tendon which must be kept as trauma free as possible to promote a good
repair.
Figure 29 shows the transfixed tendon ends 370, 372 without
the surrounding anatomy and transfixation needles 364. In accordance
15 with the invention, access incisions 374 of about 0.5 cm in length is made
approximately 2-3 em from the lacerated ends 370, 372 of the tendon.
Preferably, a No. 2 suture 376 is placed in through the access incision 374
of the proximal tendon segment 356 out through the lacerated end 372 of
the proximal segment 356 into the lacerated end 370 of the distal tendon
20 segment 362 and out through the access incision 374 of the distal tendon
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.



tendon segnent 356 to prevent rotation of tendon segnent 356 as flexible
shaft 396' is rotated, while sheath 397 remains stationary. This prevents
10 the teg@pq&y 9f the tendon fromrotating with the anchor as the anchor
is rotat 88 YA pl ace. Referring now to Figs. 29-31, aPFTU899240%8crnative
hel i cal anchor repair apparatus is shogg-being inserted into.tendon
segnents 356, 362. This includes a first helical anchor 390 being applied

with a tool 392 havi ngFid.53 BA liustiates3ard aRBfhative t6ul 302 foh abtatid8thelichl Wi | | be
appreciated that many different tool configurations may be used in place

of tool 392.antcHér Y ined the BEndoRO! Tob1 39N GhaldEss @@l_eﬁﬂﬁ)qollﬁwggigfgg_ portion
398 having a blunt tip. A trailing end 400 of helical anchor I ncl udes

and port| on 355 MRRENE R o RFlart sRaft Fod a8 ekl Witnih & thBni ch
be f ' . & .sh bl A Anch ' '
305 furtner eeEy a9 whicd 1 AR ISGHler tas abh Brryehe dash eestheor n such

that el ongate.tensile mber or suture 376 nmay be threaded therethrough as
Shown' 1 1O B gVith Shiat 36 safsmpy: B\ RESuatscRRs Weks 7 retRRSTethinesition yuihing

rel easably attached to end portion 398 and elongate tensile nmenber 376

ext ends t hr cigAth aad @@rﬁ"é?mfﬁd pRsitiemas shewsrinim. 3 1olin Beiliustrative t o
rotate helical anchor 390 like a screwinto tendon segnent 356 through
access i nci sxamd shawe, stuaturel 399 compprses spikesSthabdlare ootviardly iito At this
poi nt, the surgeon pulls back on tool 392 thereby rel easing nounting end
portion 398 tendon segment 386abqrevisiit.rotition bfSteRdbAlsegmeAt 386 s5AuKible" Fi 0.

32, a retaining nenber 410 is installed at least partially within helical
anchor 390. shafi 396%is!ratdted, WhRé sHdathi 391 9&Haihe stdtfHary. This prevents
10  the tendency of the tendon from rotating with the anchor as the anchor is
rotated into place.
Referring now to Figs. 29-31, a first alternative helical anchor
repair apparatus is shown being inserted into tendon segments 356, 362.
This includes a first helical anchor 390 being applied with a tool 392 having
15 a handle 394 and a flexible shaft 396. It will be appreciated that many - -
different tool configurations may be used in place of tool 392. A distal end
of tool 392 includes an anchor mounting portion 398 having a blunt tip. A
trailing end 400 of helical anchor 390 includes a drive portion received in an
aperture 402 associated with a hub 404 of end portion 398. Anchor 390
20  further includes a leading end 406 which may be formed as either a
sharpened or blunt tip. Anchor mounting portion 398 further includes a

suitable aperture {(not shown) along its length such that elongate tensile

member or suture 376 may be threaded therethrough as shown in Fig. 29.




retaining menber 410, which is slidably received on elongate tensile 10
menber 376. The surgeon slides retaining nenber 410 al ong el ongate tensile
menber or suture 376 until reaching the position showmn in Fig. 33. This
traps and WQMIEETses the col | agen fibers of the tendon b%?VEgﬁ““Pétaining
menber 410 and helical anchor 390 in a mggnner to be discussed further

bel ow. When retaining nenber is firmy situated within helical 15 anchor

390, the sur gp@s, §REhITESID 19 rRId=RablyCattdbpRE! 10 dH portibn 398 afd eltiiyatéed in
Figs. 33, 34 and 34A. In this regard, Fig. 34 shows rear crinpable portion

414 in an Ur'%rkma%ﬂemb@f 876 'thﬁ%ﬁmougﬁfehéemr of hefi@aingnBPabpon 414 in a

crinped positron securely affixed to efongate tensile nenber 376. This

fixes the anchor struc |8l c . )l nmber
410 securely to the {1 BOPEons thared AR Beloal Anciis S5 kRPN T
anchor structure to the dgsjred |ocation, on elangate tensjle nber suture
376. Upon cor?ﬁ'l“gq"l 6?9"8?”"tﬁ$é tgf%‘&, qqgess mﬁ%ﬁgM’%ﬁt '"f%ggﬁﬁ Segment
362 and a£pl ies a simlar procedure to affix a second helical anchor 420
and r et aiti nghewrbiarFig231t At s peinttheswsgeqrepulissbagloandgol 382 therelye 376
t hrough access incision 374. Prior to crinping retaining nenber 422 onto
suture 376, tréleasinggeounting erdpodion 888 dicn detieal anehor 8ROt eAtithis enilg, 370,
372 by sliding the anchor structure 420, 422 along suture 376 while

appl yi ng a f eihdeas shinbin &s Fiy. 132, taoltaidihg, membep4a 05s tifstakead etilelagt 420, 422
along with tendon segnent 362 toward the opposite segnent 356. Wen the

desired repaigarfARi Withih helidaEar&teHt 39® Antikstibhon t6dIN 1 2RIGsbPRI§rad 0. 372
approximately 1-2 mm apart, the surgeon crinps retaining nenber 422 to

suture 376 i NoiATRE MémBLI™a 8" whith is slidably received on elongate tensile

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 a_nchor

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



Fig. 34A. 10 It wll be understood that other manners of | ocking a
retaining nenber, such as nenbers 410 and 422, in place nmay be useéed

i nst ead of%ogl' el menbers or deformabl e portions of the retaini n?’1 menbers.
As shown i 43 35, opposite ends of suture 376 are cuttHUPY2UME ons cl ose
to the respective retaining nenbers 4148-422 and access incisions are

cl osed, 15 such as by using sutures 424, 426 or another acceptabl e net hod.
Finally, a rsotined3ithroagh 28cess iptaioad324. tPhier e ordriping odtainémgdon ends 370,
372 or, again, another acceptable connection nethod may be used. Fig. 36

il lustrates anerabécd22ionye stitire 376, aNe BargedAay ddjusttivd Bistshcgenber 442
connected to elongate tensile nenber or suture 376 20 and held within

tendon segnempbrieén téiddn s’ 370,1872 iby! éﬁaHrg?ttggsaﬁchﬁr be0Sird 220, 42

invention in nore detail. In this regard, rs 244, which extend

| engt hwi se Wai@#”%&ﬁikdggam%g@i@f%%péﬁgg a{lﬁ)}‘ge,p%%ﬂ RWAAGHoA I B! fh nizQk! S 446 of

anchor 440 as chor 4 ace as previously escri bed.
Thi s engage t will, oc eral l .'nasinuso‘iﬂga%%%tter as WO 01/ 28457
PCTT US95/ 4088 assemilk 470, 443 Aishgvith dottinneroment 362 Sowarding | per s 444
has been drastically reduced in the figure for clarjty. Retaining nenber
442 may al soORROE1SSeqnert3P P YWhen the desitad repais peaion s reashnd, fafuch as a
serrated surface as shown in cross section in this view This will further
hel p retai n eXamplerdwith teridaneends 320,37 vapproximately 2 mmispertaalre and
hel i cal anchor 440 and prevent retaining nenber 442 from backi ng out of
hel i cal ancheurgeét.critmps retbiaigrgamentbiend22etobestureb876 $n dimporsardsimilaatd rai | i ng
end of retaining nenber 442. A separate crinp nenber or other |ocking
structure rray:idqay\, _
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 of the retaining members. As
shown in Fig. 35, opposite ends of suture 376 are cut at locations close to
the respective retaining members 410, 422 and access incisions are closed,
15 such as by using sutures 424, 426 or another acceptable method. Finally,
a running suture 428 is placed at the junction of tendon ends 370, 372 or,
again, another acceptable connection method may 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 within tendon segment 356. Fig. 36 further illustrates the
benefits of the invention in more detail. In this regard, fibers 244, which
extend lengthwise within tendon segment 356 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



used in its place. 10 Fig. 37 discloses another alternative enbodi nent
I ncluding a helical anchor 460 and a retaining nenber 462 adapted to be

fixed into_ place on elongate tensile nmenber 376 in a na 1y
similar toVPH¥2457 evi ous helical anchor .enbodi nents. In ?&?;susgﬁn%@%?rrent,

retaining nenber 462 includes a di scont-b8uous outer surface in the form of
a 15 threaded surface 464 which provides an anti-backout function and wll
al | ow gri ppi nghowint dichdughdidie runiisersanalsdensityi ofi fikpradfidehasibeen drasgicalled i nt o
hel i cal anchor 460. A crinp nenber 466 may be provided to fix retaining

nmenber 462 i nyegliaéd imEhefiginiecids clarite.s Reitdifihg rAbsber 442t mby aldd aave 468 nay
be provided for tool engagenent allow ng rotation of retaining nenber 462.

20 Figs. 37A é‘igg?]r:f’ﬁ?rﬁlcﬁﬁsﬂﬁﬁlt sWr¢hoe 448 Uss SREWNABAENES addrRitedsuMEce as
enbodi nent of a helical anchor 460" and an anchor structure conprising a

o R ORISR 56, T ity S

opposi te, tap%m | 'unt” “ends insertion into a
tendon at _either e 460a’ aneg 460b' . The Mblunt . ends Qa’ %B will WO
01/ 28457 BCT/ {-'Jz@rg/%gstwe%bf giningmepber é‘%@é’ﬂ“‘! ﬁg@%éﬁﬁﬁ?%‘f@ Ay as
opposed to tearing, slicing or otherw se damagin he tissue. he
shar pened or Breygdt Estaining Avemper 444t bgcking 8%8“ gg"?ﬁilap‘?h?ie%%ni%
menber 462' includes a slot 462a' at a trailing end for engagenent with a
rotating tool integré! arimppoembes 45048 idinposad ongp trailingrendr@f; Ketaining hel i cal
anchor 460'. An outer surface 462c' is discontinuous in a convol uted,
general |y hel imeahberedd®r A sepagstearimhp ynersbgrseresther tdekingesteudtuee ofayhied i cal
anchor 460'. Thus, fibers 444 w | be retained during use in a generally
si nusoi dal maps&d iPré WeRR. t he
10 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
15  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.
20 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 blunt ends 460a’, 460b’ will



coils of helical anchor 460" and the convoluted outer surface 462c' of 10
retaining menber 462'. Finally, retaining nenber 462' includes a central"
aperture g its longitudinal axis for receiving an el ongate tensile
menber sué&ﬁggkgze previously described suture 376. Fi gSCTA899240p839

il lustrate another alternative enbodi negp- utilizing a nodified elongate
tensil e nenber 376' having barb or ratchet 15 structure 470. Ratchet

structure 47€presad ting)teyelhin ssuetduring emityesseppased footearidd Zsizinglor €t ai ni ng
menber 474. Therefore, as retaining nmenber 47.4 is noved into helical

anchor 460, dtherwistalanedding tied tissud)COte? ShdrfeneBhrbiunt did | prevent
retaini ng menber 474 from backing out. This therefore provides an

al ternative éd?mghPé}io‘HerﬁgeretJJeGrash\ﬁlal‘i‘.i tég@% irﬂ'éﬂlggpﬁtggefnc s gglo%%? nst

anchor 460 with tendon fibers trapped an resse er epetween.

further sho ' [ tal nj . A74 b for fro

absor babl e \r,rwa?ieé:idgla?trgﬁgﬁ end f%t?b%%ﬂq%@m °g$’¥"9pg‘1‘§'fg?'§£%g%‘feé?mm
retaini nber 474 j.s..ahsorbed, re tensile force w /!l be experienced
at the r pgﬁ?acgpg 3"@34(?52(9 ﬁh?ﬂﬁ‘/%ﬁgﬁbﬁeﬁca@%r I46?)e'nd\’l QUigHsEfac 457

PCT/ US99/ 24098 ,-61 nove slightly further into helical anchor 460. This
gradual i ncrdB&%E i discoptiayeys i g sarvolyted, generplly helical satiner tpr onot e f ast er
and stronger healing. Figs. 40-42 illustrate three potential alternative
enmbodi ment s geherallyiregisternwitbrtbe caiisref helicahehcher 46W, WA, dibdrsi844 As
currently 5 contenplated, the anchors will be tapered froma | arger

di anet er at waill ber @itained deridg tuse dn argenkeallydiimusoidal nddnner beeweagtiend to
assist in threading the anchor into the tendon tissue. However, it wll be

under st ood dafé offhalical GindRbr 4601 gl RS LMol drel dRESERFScade B! ds Wi th a few
of the possibilities

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 elongate tensile member 376’ having barb or ratchet
15  structure 470. Ratchet structure 470 is engageable with an interr'ral-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 474
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




illustrated in Figs. 40-42. In Fig. 40, helical anchor 480, shown in cross
10 ‘'secti 6n, has a varying dianeter along its length and an axis 486 which

is not p%[,{ilwéélé?to el ongate tensile nmenber 376 during ugg.guggﬁ?%gstensi | e

menber 37 s partially within the coils of anchor partially
outside of the coils. In Fig. 41, a simé® configuration is shown, except
that tensile nenber 376 is contained entirely within helical anchor 482 and
15 anchor 482ntne skighithysfurthen ppuochelical atghoediéfl. Thisrgradualdheanegse irs | engt h.
Fig. 42 illustrates an anchor 484 that converges in dianmeter centrally

fromeach endnsifd Strest3at theUspsinsRe vl Prbmiote rxeh smd btrohgédigedlingent i on
wherein the elongate tensile nenber 376 is retained by a wedging action 20

bet ween a retaini ng MeRpRr 46982 A tdtd Bhres Poréitidl AltefHitiveRthBodiidmtare mber
490 may have a serrated or otherw se discontinuous outer surface 494 for

assisting in i L QN ' r agai nst
t endon fi ber éﬁ%cgﬁad@gﬁ’?aﬁ%aakbﬁ%r oggg-%biél%%c{ %gzﬁ?nggyﬁéﬁty density of
fibers 496 is drastjcally reduced ip Fiqg. 43 for clarity. WD 01128457
bCTT U965 408 e mplai e rSHABHIHLE teieresdlthodnitien e @haha 1 n Fi gs.
44A and 44B. This enbodinent is simlar to the enbodi nent shown in Fig. 36
but il ust r attediling endite acamelier iizmetey at @ lapding $nderAssist A threadidah®or habl e
materials. The effect is simlar to the effect descri bed above in
connect i on 5 amichbr Fitgghe 3éndordtigfue. THawever, itwill be aindersgood tihaty mang'
absorbs into the tendon, the repair site will experience a greater anount
of tensile fajther configurgtigney arecpassibie agpwelbwvitht & ésw raftthe possibilitiest endon.
Again, this will speed the healing process and result in strengthening the
repair site. jjystrated 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 432, 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.



Figs. 45A-45C illustrate a further use of absorbable materials 10 for
heli cal anchor 440', retaining nenber 442' and elongate tensile nenber
376". In [ odi nent, each of the elenments will gra sorb as
shown pr O\S'Bé)i@?e“\g;e)ly in the figures such that the functigﬁﬁg$%/2?(rggnsferri ng
nmore tensile stress to the repair site-68 acconplished and such that the
repair apparatus as a whole will fully or substantially absorb into 15 the
tendon after it has f#irfdthéreembedimentsif the invention is showRiig FigthdkftArent , t he,
absorption rates of the different conponents nay be varied by using

di fferent nedet 84Bs. TH® entbodimén, is rsirhidartongheramiimadimént showmn ibdFig.o88red t o
absorb faster than elongate tensile nenber 376" or anchor 440" such that

tension is, @it iflistpdtes Ihaderabt ¥f toraed PétaRlihd Mebiiser 4R ifforRidbsorblibie, af ter
full 20 healing has taken place,.the remaining conmponents can absorb into

the tendon, m%?égﬁ’é.“% lo¥febf ilsséig\?af & oLl clib@dabbGe FB&MRectiond- 46

il lustrates an ernative enbodi nent of the invention conprising a
conpressibl e, . ég.i ca% an recelyl Ja‘ ' W 376 and
Sdapt od Bo. NIRRT a0 30 o DO by AF hotonf B, 242 abb hs HETHE,
PCT/ US99/ 24098 = - 63 conpy essi n,(ﬂ acti.on brought aboutt b‘i a aui tabl e
structure orteBpgRgthereppls site Wil axpeHencs,a oreater,anount abiensile JO16e 1y nenber
502 or an integral or attached crinp menber associated with helical anchor
500 as shownrduring phygical sherany @r Srier metiqn of the tendesr sAeiB. tHaWikany ot her
potential locking 5 structure may be substituted for crinp nenbers 502 and
504 as | ong speedtthe hdatingrpracessmotliresulbin swwengtbesinggha eepainsitenchor 500 is
acconplished. As shown in Fig. 47B, when crinp nmenber 502 or 504 is fixed
onto elongate tensil FigsnisN-48Tallustratel sofugtitee useas iabsorbableemaléttals s pul | ed
in
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 substantially absorb into
15 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 repair.
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



the direction of arrow 506, toward the repair site, the coils of helical 10
anchor 500 will conpress and securely engage the tendon fibers therein. In
this manner, helical anchor 500 will be'locked onto tendon fibers 508 and
the tendonVOM4R¥ATs may be pull ed together at the repair P&T{US973409%e

manner described above. An alternative cghop nenber is shown in Figs. 48A
and 48B. 15 In this enbodi nent, crinp nenber 520 conprises first and

second MOV abySmBRISkIngctAPbroddfit 5\961&9&1 §QuithblR tAGLA o @lonafe 526. Cri np
menber 520 nmay be received on and slid along elongate tensile nmenber 376

in abutting relahi 94;,+§%€%?ea%%aﬁggﬁ § 300014 bR AR 5081 o 1REGAPT 500

and cri nped agalns by squeezing e 20

530 t th Fi 48B. A b,53 534

220 Tometler Souhatt i e beybeife 36, RRRER IO R ™
t | nb 376, 536,, 538 b t t | d
I R e AL,

the manner described with respect to Fig. 47B. WO 01/ 28457 PCT/ U899/ 24098
- 64" An al Ber nstructere maydbereubstispited fozssimp mephers $OL8w S0Ams loogasi ng an
el ongate tensile nenber 552 and a pair of conpressible, helical anchors
554, 556 is stimwitinateifasctictDdf eaodprEdBingl elichl anchan5@0 iseadcongllishgat e
tensile nenber 552 is initially conprised of two .5 suture segnents 552a,

552b. As W t hakeodirh@y Fighagg] tiehscrinip sndfblert®02 UPBOX0Is fiedllditbe: AS in
t he previous enbodi nents, a crinp nmenber 558, 560 nmay be associated with

each conpr essélghgatéﬁhhﬁ@hm%7§% eIéﬁ&at@WenEui@nfe%@?’é’ & pAfRE ihe

menber segnments 552a, 552b may be connect
the direction of arrow 506, toward the repair site, the coils of helical

10  anchor 500 will compress and securely 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 526. Crimp
member 520 may be received on and slid along elongate tensile member
376 in abutting relation to a trailing end pértion 500a of helical anchor 500
and crimped against elongate tensile 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. 47B.



wi th anchors 554, 556 in another suitable manner. The two tensile 10 nenber
segnents 552a, 552b are threaded through a central crinp nenber 562 after
bei ng int ] t hrough respective tendon segnments 564, 566 preferably

t hr ough ré@%@%ﬁg@e proxi mal and distal windows in the ?EH@@W“%?sdescribed
above. Tensile nenber segnents 552a, 558k-are, pulled taut through central
crinp nenber 562. This sinultaneously 15 conpresses helical anchors 554,
556 and pulls tendon Fapareinativéembodimentosfed Pepairt ppara®BEBBO posi tion as
shown in Fig. 49B. At this tinme, a conventional running suture 568, or

optional |y ajfcafopstintan eldtgats terdflé Prérbares B2 aRA% paiPYf BSmBraditig, connect
t endon segnents 564,ﬁg§66 together at the repair sit%. 20 Angt he'r embodi nent

of atendon &gl inchRPSEaU S68 ] dndwrbMbs. doklshu . fipgaLat us 570

utilizes an elongate tensile nenber , S as a suture conprised of one
suture segnent, | aoped thro a . plurali of .. for exanple, four

conpr essi bl e?mR%‘?'Fgegl ' %!ﬁeﬂ%‘%rs]‘eﬁﬁ'lf? "?73’,8'%& IS '%‘é‘a.["/ FH"}IHHD'FEG i W8 nent ,
separate_cri nmenbers at_each |l i cal anchor WO 01/28457 PCTI US99/ 24098

-65 may Pe efYtHis SRApENES R84, ePP Wit thepther mbodimentssthis mayrke i cal
anchors 574, 576, 578, 580 to a conpressed position as the two suture end
572a, 572b /8P MNA.1Zsuturg.o Agnindbafreyiows empodimnents, &gpmpamember 558, :
enbodi ment of Fig. 49A and 49B, pulling the two ends 572a, 572b 5 through
central cri npE0rendyche B8sbojated witimebclanempsdsgibie npalieakamchon 554¢ 155@br anchor
574, 576, 578, 580 and bring tendon segnents 584, 586 together to a repair
position at theireSpgrtiveitansiitmembin segrehts 55245526 ma e Bofinkbiedg suture
or other final attachnent nmethod may be enpl oyed by

with anchors 554, 556 in another suitable manner. The two tensile -

10 member segments 552a, 552b are threaded through a central crimp
member 562 after being introduced th'rough respective tendon segments
564, 566 preferably through respective proximal and distal windows in the
tendon as described above. 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 6ne 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



the surgeon to conplete the repair. 10 Figs. 51 A, 51 B and 52 illustrate
an alternative manner of enploying helical anchors to connect a repair
apparatus to tendons and |iganents. Specifically, this S oys
first and WOOYR#Shelical. nenbers 590, 592 with at |east o;nlggao 4@{1

hel i cal members 590, 592 being novabl e -B8ward the other to trap and
conpress tendon or |iganent 15 fibers 594 of the tendon or |iganment 596

t her ebet ween. mAg b élimipbte as tesuturenself ofill polt éaoh eftthe helical amchets e
| ocki ng menber, such as a crinp nenber 600, may be used to connect

el ongat e tenskhg, B9BDEYE5S80 @ a cHMBREREY dp@stttbmﬂwtm@bwra érd8, 592 such
that tendon segnent 596 may be pulled and placed under tension wth

el angat e 1 enskl s, B 7E e AitecPthrblgh BEnSRRGYAD mERBEISERIAS MR | 1 0.

51 A, 51 B an I se generator 602 1s connected with a

Anal ogous 252'?%%95%%:5*& 48R #%%ﬁ@&gﬁ R B8 un 39250?06'
California. Wen a netic inpulse ul ses are su |IedWI
gener at or 5602thrapgh wpntgramrn&mmw %Mgp glitppeously;g @arqSép%a& first

hel i cal menber 590 onto second helical nmenber 592. To acconplish this, for
exanpl e, firshelinal aoahomB7be 7@y 5881 BBORad; kring tRokipRSeaBTN AP 4 E8G med
froma magnetic nmetal material, while second helical nenber or inner
menber 592 i stdguthedtd a cepair pasitiorgh ethich paints eads 872a, 572hanay beeutdoes
not deformthrough the application of an el ectromagnetic inpulse. As with
several ot her ;RFRAOHNARIY Sutfe dhother finanittachmédt metigal may depdrapyeldy

general technique of prOV|d|ng two portions of a tendon or |iganment anchor
structure wi t fyak, 488 ito Yafpdtel thetepsit.ng Movabl e tovard
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 .the 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, 592 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 connected 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



the other portion to trap and conpress tendon or liganent fibers 10

t herebetween. Furthernore, prior to crinping of nmenber 600, crinp - nenber
600 may b@ }éﬁg al ong el ongate tensile nenber 598, after coll apsing outer
hel i cal . Denber 590 such that tendon segment 596 is npYSHUSY/240a8
appropriate repair position at which peB6t the surgeon may crinp nenber
600 to retain tendon segnment 596 at the repair position. I'. 15 Fig. 51 C
i || ustrates eallgppefirst halicabmember Hi9Gdomoreecondiielicalimerabacs92. tTp t he

enbodi mrent of Figs. 51 A and 51 B. In this enbodi nent, however, an inner

retaini ng nmeadeemplish' thisafocaxgmplecfist delitdl riember SEHIPRF helidal PREABEA L0 a
hel i cal nmenber. Retaining nenber 462' can be fornmed of absorbabl e or

non- absor balBs0 Rdyebé abnedXtbal & myrebElstaf fbteridl, Wil SELGIPRbIGA Nr caded

over elongate tensile nmenber 598 after insertion of outer Ical menber
590 wi thin tgadar 30 fhnet MdrhBbr 39 ' ARIERRG 12 Watrial dhdll
uncol | apsed or expang"eglrst-at e, a52 %mepﬁr%ﬁ?n T %ﬁgg,madtﬁﬂa'lr%'(‘:(gi ves
bot h el gnga il gﬁgﬁgr 598..and retaining.nenher 462'. After
Tnsertioh o}tﬁ%"?g'isemd%& 8?°'%§"?“%§‘%?PW638°0\§ @iy gJecteompanstissoo/ 24098
-67 electronmagnetic,inpul ses are applied to col|lapse outer helical menber
590 gener al"i‘"g’ufs@' t'ﬁﬁ%ﬁé F?Y‘%S% %thsagmpﬁdwnt ofithisdnyentiomy shisagsinessi ng
tendon fibers 594 between outer helical nenber 590 and inner retaining
nenber  462'€mplay§ the generahteshniquetofipreyigdingetyke portdms afea/téndohuste an -out er
5 discontinuous surface, such as a convoluted or threaded surface 462c' to
hel p ret ai nliggmept enchehstrudtuee withatdedstmespdrtidn béingnmoeslslartgward | ocki ng
menber 600" may be crinped or otherw se | ocked onto elongate tensile
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 590 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 elongate tensile member 598 and retaining member

462’. After insertion of retaining member 462’, one or more




menber 598 and agai nst retaining menber 462' to |ock the anchor structure,
conprising retaining nmenber 462' and helical menber 590, to 10 el ongate
tensile nenber. It will be appreciated that |ocking menber 600" may not be
necessary WQUR$158i ven application of the inventive conc&fITESMAYE ~ 53A-53C
Il lustrate another alternative enbodi nengz7of a repair apparatus 610

enpl oying generally simlar concepts to the enbodinent of Figs. 51 A and

51 B. Speci fi glabirymapRetit §npbidés arpapplRidu® ddilapdd outerdvgitalyragmiber $90endon
segnent 612 and again includes an elongate tensile nmenber 614 connected

with a first bald.om) td”ﬁ@?&s:ﬁ&ﬁ sR¥wh inSiolibanks tﬁ&@ﬂ?%ﬁ'fpr@gﬁng Redspnd

hel i cal rrenber 620 Ts initially contained in a hollow 'helical carrler

622. Carrier ﬁ@@rff?sﬁnge{%%%%‘{r:h qucélmh%bgigggc?% ﬁe”&&nk@e ter "d”

of second helica | cal

rotated into nber astlc ex s, to th shape of
carrior 602 oBZ1-sReURDRE FEOWR: [FAMRS MRPta AP SPAL s S e Uerg ot or
"D'. As further shovvn in Fig. 53B, as carrier 622 and second heli cal
menber 628 aré's%'ﬂféﬂl&?slW@%eﬁﬁ%asmﬁlme‘i?’ﬁhﬁe&d@%s!alﬁ‘aﬁ%é‘@?éJ tci si on
624, carrier 622 is rotated over WO 01/ 28457 PCT/ US99/ 24098 -68 first

hel i cal nmenbehelprétaimsgripuot btherglissendageHihprs 598. As negessagy, &hxking
counter-rotated or rotated in a reverse direction, second helical menber
620 is | eft balemtera00’ may beaninhpedomdthecisedockeahpntesaesgatecensild | r st
hel i cal menber 616 thereby trapping tendon fibers (not shown) between 5

nmenber 616 anmerErBISINd abhinERetBmintPARAbYr VIO tollbck e &fshbrt 0 hol d
second helical nmenber 620 stationary while counter-rotating carrier 622 as

shown in Fi 9. sfd&urdRYmpidiRg ftafMing Aenhisdr 482, arfdl I81REL et 89D, to
10 elongate tensile member. It will be appreciated that locking member 600’
may not be necessary in any given application of the inventive concepts.
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 diameter “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. 63B, as
carrier 622 and second helical member 620 are rotated into tendon

segment 612 through an access incision 624, carrier 622 is rotated over



menber 614 will be effectively connected to tendon segnent 612 and nmay be
pl aced under tension while, for exanple, pulling tendon segnent 612 to 10 a
repair po iotigg1 s previously described. Fig. 54 illustrates an alternative
enbodi nent’ O34 appar atus 630 essential ly enpl oyi ng aPFEVEPEA%Bechni que
as conpared to the enbodinent of Figs-683A-53C. In this enbodinent, a

hol Il ow, helical <carrier 632 has a smaller outer dianmeter "d", than the
respective dfirstnbeltical mémb@' 6 h8s dud further shownfing. 53@, secanigr 622 isal

menbers 634, 636. Elongate tensile nmenber 614 may be suitably connected to

first heli catournebmtateddor rotatell ima rebées ghrettien, Useeonll Helisaltrembpot 614a.
In this enbodinent, first helical nenber 634 is rotated into tendon

segment 612 g0 @RfObeHIRG anBrBYiliGME Yoritefts bP @EmipreddRsSaraiasl fisdtmi I arly,
carrier 632, which contains 20 second helical nmenber 636 in a resiliently

conpr essed | %d}y [ nﬁ, Mpag;ger 634.
Wth secondsl?]e ?ltzllgl%"{rf%‘r}%gr ?gé&hg%gﬁgggﬁﬁ‘aﬁéeéﬁéﬁ ?:a }8’;?%% er 632 is
counter-rotated, a ho in. Fi 4 | eaving second helical nber 636 to
Fosi |1 ently BSERan 18 MLmicltiar 520y 1t P nePessRey 1 ANE Sgoomq ordon
fibers (not shown) b en first WO 01128457 PCTI US99/ 24098 . - 69 second
hel i cal rrentﬂ-?r'g sﬁé‘?ﬁ?‘?ég&a' Wembgaél statignary, while cquntgrdotatingcarmiene nher s
634, 636 securely affixed to the tendon fibers, elongate tensile nenber
614 may be ph2eed shawerintRigsP3Q@. dpprurestpvabopaairier planggtetensile12 to a
repair position as previously described. It should be appreciated 5 that
t he respect imemiienfddewill bxf etiettivedy commented t® tédop2Egnmehtd®BU2 ab@Gnayray vary
wi thin the sane anchor system That is, helical anchor 616 nay be slightly
smal [ er or |y placed bademehsionl while, [for egattpngulingiteadormsedraentsd42 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 832 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 embodiment, 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




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 res enploy at |east one noveabl e anchor | otrap
fibers . ‘%‘%Wﬂé&# itself and anot her anchor nenber. Fi g_P@@ﬁ%dﬂ}Ehg%r at es
anot her alternative apparatus 640 conpri@®d of a helical anchor 642 and
el ongate tensile menber 644 and a retaining nenber 646. These three

el enents opewsacend bgligahenersberis| 634,636 With garries & mevad. andheligat
hel i cal anchor 642 and retaining nenbers 646 are each initially slidable
al ong el ongatnserhbarsi 634 n&30 sectrély affixeddatthe ttemdon &benseetomgateitensil¢ agai n
be a flexible suture, sem-flexible or rigid tensile nenber. In this

enbodi ment, RéAbS 64 RAPBE phiedasider ansiors ahd @ised 3bIpifittendorgdgiment udes
one or nore slots 648 extending froma |eading end 20 646a. Al so, retaining

menber 646 i J fEL 185aif pdLifBA'YS! dHADAsI) HeBEribed!! itstbukP Be appfatiftedd
surface having a genera Py threaded configuration. It wll be appreciated
that, as getajni 6 | Q i kG al 42t endon
or |iganment f%ﬁteﬂ% {E%g?&i eoév\in%r{e\?\? 'rflotfebp‘-e('}(Iai ?'a@%@gggéeF \c/i\gér?zgsur ggg' égg of
retaining menber 646 and the inner surfaces hel i cagl 1/ 7

PCTI US99/ 240383Y Vaiy Withi,thessame anche/sysigm- ?’fﬂm,'s»ﬁm@@-ceﬁ\%’ °’§3¢%Eﬁ¥re at
the | eading. end of retaining nenber 646 w || conpress due to the_slot. or
sl ots 648 andeslightlyamalier 85darase thandwglisakanches 620 ardihelical ancher B3tain t he
assenbly fixed on elongate tensile nenber 644. Retaining nenber 646 nmay be
formed of a Smawmberslightly satallat bolasgaritban delical gnehdr 636pivhile retaining thef or m
and clanp onto elongate tensile nmenber 644. A rel ated enbodi ment utilizing
col l et-1i ke gbilitgttorteap tersloaviibers 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 6486 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



Figs. 56 and 57. In this enbodinment, an apparatus 660 generally includes a
heIicaI anchor 662 and a two-piece retaining nenber structure conprised 10

i nner retaining el enents 664; 666. Anchor t ai ni ng
eI enent s g@g 1923%52 are initially slidable along an el ongg%éﬂfbggg 4% menmber
668. One or nore slots 670 are forned af/0a | eadi ng end of inner retaining
el enent 664 and one or nore slots 672 are fornmed at a trailing end of
out er r et ai nancharl @h2n1AtdH6 sametime, the cnliet strugtiracs the Jeading erd 06
di scontinuous to help trap tendon fiber between outer retaining el enent
666 and hel i egthininr mamiis 546 wilbeamplesd duel tovthe/sioteor slotsob48iagd voill wi | |
I ndi cate the function of various elenents shown in Fig. 56. Mre .

particul arl yclagfd 8gaifist éleAbatanehsile MEmbeRB44cR retdih 2he AssdthBlyFitedion
segnent 676, the surgeon slides inner retaining elenment 664 into helical 20

anchor 662 t %lghp% &%@ﬁé’ﬂ\érhlﬁ%@%ﬁ%ﬁiﬁ&%&%@( sédrnf\ékﬁﬁe dfnétgs ge! i cal

anchor 662. ock the assenbly 1nto plaCe and to expand outer retalnlng

el ement 864 1o Lyt ey %.io%gfmaa%gdeg,% {0 BgB el ot SHLRSRp Spkges L rneT

retainin terna I nner el enent
664 into out er retainj n el & e‘{]é\ 666. This si mul t aneousl y expands outer WO
01/ 28457 PCTFBQQ@WZW@@@F 18fber§44-ni ng el enent 666 through the action of
slots 672 and contracts the |eadinhg end _of inner retaining element 664
through the action of %I’%‘f’?%%b%!m?"& utitigias s@liehiifes syrtue i FWOVRIN out er
retaining el enent 666. Thus, in the position shown in Fig. 57, apparatus
660 i s readyFiger 56and 57 adi shid @maedimant, rantamarawerﬁﬁaxeemmlbemcwde@ repair
t he tendon by pl acing tendon segnent 676 into tension using elongate
tensi |l e nenbehehédl.anchgr 662 and ativopiece remaininganamber stragyuee edbmprie®d agai n
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
16 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 element 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



enpl oying a helical anchor nenber 692 and a retaining nmenber 694 each
connected for sliding novenent along an elongate tensile nenber 696. 10
Ret ai ni ng nmenber 694 may again include a drive portion 698 for all ow ng
retai ni ng WOOH2$5%94 to be rotated into’helical anchor 68$T/UPR}24098

enbodi nent illustrates a manner of prevepijing counter-rotation or backout
of retaining nenber 694 after installation within a tendon. In this regard,

a ratchet Strfe?%wgeelmgn{ 8681 thrslrfFt adtidn 61 $1bR06 P2 @nBQdntRktOthe et ai ni ng
15 nmenber 694 for engaging a trailing end 692a of helical anchor 692. As

retaining ne . 694 J S Yo o ' : cture
700 wil | engglgga'{‘Saeﬁdl ng';‘g%g’;%giﬁ'gﬁ{ %eﬁi(r%bit/gﬁ!t‘" @gﬁ‘i’] eﬁr%g%%tg{rf‘%ﬁgﬁs ?Zpgi ni ng
menber 694. Fi 59 illustrates t elical anpchors, 70 [ Lch the
20 heli cal co?’?‘%aé?geﬁeﬂt'@??ro%ﬁ e\(l)&(?ﬁ'% 8?”?%'??&%’.“"??%‘%“ %T%S/ggé Jrs}\eu\éw’]i"ﬁ t he
vari ous enbodinents of this i nven{i on to beéég?r I nterl ock the hel,ical
anchor st r uct thecPagition shewndn figr § {RARaratus 660 isrepdy fofusein,aerqidancs,)
anchor 702 may be initially rotated into the tendon and, subsequently, the
second hBl i cedithatineHovertize eancepts torepaiidthertendon hy Mlacieq itenfarsegnaanty t h
the first WO 01/ 28457 PCTI US99/ 24098 -72 helical anchor 702. The assenbly
is then used 6M6dnmotasioncusing klongate tensdetmembera®@8.wi t h one or nore

el ongate tensile nmenbers or tensile nenber segnents to place a tendon

under tension during a Figpes lillidtratgEas arkinatieuppakads 690eadain
Alternatively, the coils of anchor 702, 704 may 5 interlock in a |ateral

direction as é%ﬁ%iﬁ#}aﬂe@cal%c%]g htimhbérdaRbhy aRevdiRmg rhédbepebd &dcrone
anchor rotate into the colls of the other anchor. Fig. 60 illustrates an

alternative 2RRA ebE fgrlgldlﬂb WovEhedt 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 helicali 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 interlocked 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



flexible helical anchor 712 is wapped around an internal retaining nenber
714. Helical anchor 712 may be fornmed fromsuture material, for exanple,

10 t hat iv?o‘?ﬂ@ 45? the sane with an elongate tensile nenber 716 used in
accor dancE 2w th >t he inventive concepts or which is sepaPSTESY¥24098an

el ongate tensil e nmenber which may exteng2through a central |ongitudinal
aperture (not shown) within retaining nmenber 714. Leading and trailing

hook menber shélit8l anéibriz02.bThe asserdbly is ahery uséd gadrdade withhpe 712 at 15
the ends of retaining nenber 714. Fig. 61 illustrates force vs.

di spl acenmentinoeritiers, drier withl dneddr menCABhgaiRNRhSId heRiberd Br BERGENT | Nventi on
as conpared to conventional Kessler repair techniques. The helical anchor

repair appar hel) o : - Wi e enbodi nent of
Fro 378 Tocitbel BRGMSRE €fbiapd'a tefftord andeh fehSRA MRS brata™3 0 \i cryi

d i in. ' f ] ly 5
Gancter SR RclielRRdin At bR, ShRZoIF af SBefor A8L draney Y ™
di spl t, i . t he .t endon_. ts at low levels of
Cenot 1o ¥ or datioRBR o Fherel e shanon Priar a8 Wb antuaiehaBSongat e

tensile nmenber of the present WO 01/28457 PCT/US99/ 24098 -73 invention. In
ot her wor ds,theoils of opg anghenatatepinte the peilssefthe othenancherwi | | sust ai n
much higher levels of tensile force without significant anounts of gapping
occurring between t heFigeffoilustnates @ alterpativedapparatus i3 1 whickssi t ch

techni que. For this reason, a patient who has undergone a repair 5 using
the present flexitdathietical @achomZt2 gowrapped amvedd aindhierasltetdigingdHembeRySi cal -

therapy than a patient having a Kessler stitch repair. Utimtely,
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
demopstrates 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




the patient will experience a quicker recovery tinme and nore nobility
proXimate the repair site using the present invention. Fig. 62 illustrates
an alternative enbodi ment of the invention 10 wherein an, ﬂ} ﬁ+

appar at us W?&"&%‘%r. ses a tensile nenber 732 and opposi te SFl cal anchors
734, 736. Anchors 734, 736 are coiled in73epposite directions such t hat
rotation of apparatus 730 in a single direction wll cause helical
portions 734,invattiorn é&motherovards, it belicat pechars ®f dhe psesent ivveidionswijhent s
738, 740. Apparatus 730 may be fornmed with various 15 degrees of rigidity

or flexibilityustsintmbb® higher 16\1s optersils iforee withainsigaificantramosin{siof shown)
I n accordance with the invention nay be used to hold anchors 734, 736

securely to t&é‘pd:gar @eeumn?%%wezh%sqeﬁ&m SnddTRS ebsmi;aréu td'ehd'Rbégigd  anchor

based repair atus o e present invention nmay al so be enployed in a

tendon 20 1 et Li@KbalAULES FEP IndTeadd, ggamwhéngmﬁaar G rodiand 64

Retri eval be inser t endon sheat™h throu a w ndow
752, whi be, trian haped reV| qusl be rieval
devi ce 7§o m%egébser?ﬁe%ir ’@Gﬂp“ﬁ“s 199 f1olF 4 0@%& Y @ ‘f "IQSE‘S%4 havi ng
a helical retrievi ng menber 756 at one end and a rotat ab) eéﬁnob 758 WO
01/ 28457 PCT/ PRxsi¢al 10etapy-than apatiant &aving 3 Kesipostitea repair- ditmately. rod 754
is contained within a hollowinner core 760 which, in turn, is contained
within an out the patient Wi Zexparience atauiaken reasveey timecand mese mebiliivef er abl y
provided within hollow outer core 762 and may be actuated from
non- oper at i vepgdmbateotie epab sitecusimethet presepoimventiors. shown in Fig. 63. This
i s acconplished by reciprocating a knob 768 back and forth. Wen knob 768
is nmoved to the 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. Retaining
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



left, as viewed in Fig. 63, this extends anti-rotation nenbers 764, 766
into the tendon sheath 770 to prevent rotation thereof as rotatable knaob
758 is subsequently rotated and noved inwardly to rotate helical nenber
756 into Y’é"l‘@ﬁﬁan end 772. Once helical menber 756 is PGEUYIY249%t ed i nt o
tendon end 772, knob 758 may be pulled70 the right, as viewed in'Fig. 63,
to retrieve tendon end 772. It will be appreciated that retrieval device

750 may be ¢onlidctediat an GpPYsith bAEI ShLIGH YR 754 A&drithel withip 4 he concepts
di scl osed 15 herein. As one exanple, device 750 may further 1nclude an

i nternal retRAIRWAShrE Eofs 760 WhicABI Rfn, i@sc%rnftﬁﬁ?/& gslfiﬂwill?%hiogﬁ r G&gber 756 to

retain tendon fibers therebetween as previous scussed above with

respect to Aot - ~{0s 1 en air ar.at.us. Anot her
pot enti al a??ﬁle'r (r%g}tlr &égﬁg’?sﬁéﬂ'ﬁé’??@%& %‘% %%Ee’é@eﬁ{%ﬁ%ﬁ”‘ﬁwﬂer and outer
helical 20 retrievi ne s 776, 778 are | oyed to cqunter-rotate into
tendon end FPIOW gﬂpﬁq&ﬂrg}g@t% ey @t?ﬁﬂ?@ﬁe@ PMICTPRAIANIVEPPFITIBES dBp| oyed
to counter-rotate helical nenbers 776, 778, thereby elimnating tendon

r ot at i on® whithe qnesativa Pesitiens shawe én Fig. £3. ahisrig aceomplishesibion end 772. |
WO 01128457 PCT/ US99124098 -75 Figs. 67-71 illustrate another alternative
enmbodi ment deciprecatinges kneb i763drackandaioptho y Whendawibo68 s oaved b theo

previ ous enbodi nrents wherein at | east one portion of an anchor structure
noves Wi th rleftpastvidveed imEigh6B, this @xtedslstantirolatiohimenbiers 364, f76®ingo ar e
trapped between the 5 portions and the anchor structure is affixed to an

. el ongat e t enpgltend@BRéath 770 RApleveht Ajtatian tRétRaf aé rstatdtle kol P®@Nsand
conprises a pair of anchor
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.




nmenbers 802, 804 which may be crinped together and sinultaneously crinped
within a tendon 806 and securely against an elongate tensile nenber 808,
such as a_suture or other tensile nenber as described abg(\é 929& @gch anchor
menber 802YO 8VWA4 el udes respective long | egs 810 and ﬁgé short

| egs 812 that register together in alterygting fashion when in opposed
relation as shown in Fig. 67 and as shown being applied through opposite
access incisions 814, gifk. 67-Fi glustrate dnother GRemativé 2mbddimentibetise t ool 820
having a pair of novable 15 jaws 822, 824 used to apply anchor nenbers

802, 804 to tpegon idkéhtion og%ar%?&ngMptﬁwsféwa& dhboditiént§26, 828

for hol di ng anchor nenbers 804 in opposed relation as shown in Fig.

Cha "o S B gy BB i i R
4. |
anchgi menber?"° @ﬁ@nﬁpgﬂgoﬁkt&@§% t%-ﬁ]c{c} C‘I'#%rg ﬁ!&fﬁ?gﬁa%%g gSQBt o e

conplete. As shown in Fig 70 and WS 82 824 a ers 826,
828 are b50ud4ﬁ”'°'ﬂ‘-b@@‘i’ HE? aPF'b?ﬁﬁtﬁé’tb"&s‘Fﬁ éﬁé‘g "g"e'lfgetg’B '?‘

position shown in Figs. 70 and 71 egs 810, 812 Wi II be deforned or
crinped per mdn@artigulan @ qnp@rams@mzm%mvwm@sgmw@@s pairzef grehari on shown
by respective pockets 830. At the l|ocations proximte |onger |egs 810,
this wll | ochkembetso802rp804rghi8binay8dd crimpedectogettdyrandisimslien®34lynd, nore
specifically, to the tendon fibers conprising tissue 834. At the area of
proxi mat e sh@rimpDwithilda tanddo 80BRHdeseeubélY agliét anwildrgdie tendileped nore

directly onto elongate tensile nmenber 808. This action is brought about by
the tapered gRghtePB08! sBOFES aBkRure3eBother 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
156  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 opposed relation as shown in Fig. 69. As further
detaiied 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



illustrated in Fig. 68 and by conmparing Figs. 70 and 71 which show the
grippers in the sane actuated position. In this enbodi nent, tool 820 nmay be
actuated to a first 10 position sufficient to grip tendon fibers 834, but
still all WY g notion along elongate tensile menbdCTdEEY 2498 ng t ool
820, or another nethod, tendon 806 may-Agien be pulled to a repair position
by sliding anchor nenbers 802, 804 al ong el ongate tensile nmenber 808. At

t he appropri pbeitioneghawn by sédpective poeketsi 880.mAY the Iddationl poXiyhater t her
actuating tool 820 to 15 the position shown in Figs. 70 and 71. In a

t endon-t o- t enghyyer 1643810, this Wil foektdhehBF Mentbiis 80R) GOZERY the eRdoRai I Of
anchor nenbers 802, 804 may be rigidly affixed to tendon 806 in the manner

i1 lustrated iti@suEé 884 aHY, Mdte sgaci_ﬁeautnﬁ% thledend@én ﬁbe&aéomﬁamn§ *Eﬁsé% l.di ng

adj ust ment may be acconpli she I n e opposite side of the Tear foll owed

oy 2, Lnal o AP ol SHGE oS B2 B RIPRD9, 88F, 20

descri bed above. a her "apparatus si m to Figs.
67-71, ut enploying a single anchor nber 84Q havi respective | ong and
Short 1 e8s aMN b RMbaLTaREHERe,OT HRNG~e Ha0tle IBRMORE OB 145 o ¢ e
previ ous enbodi ment, except that only one of the opposed jaws would WO
01/ 28457 PCTAEkmmishreyght abgut by the wpgrediprgle of gripRers, 826,828 @sone
conprised of recesses or pockets, in order to bend legs 842 into a
posi tion sui itstretddoin Kig 968 lapddhyi eppering:Rigen70tands{ ik wddah shawthe el ongat e
tensile nenber 808 and also tightly deforming |egs 844 substantially
di rectly agagrigperslionhasamearsudted position. 808 as 5 shown in Fig. 74. Again,
this enbodi ment conprises an anchor structure having an anchor nenber 844
with at |east one portihQRisféhBédiment, tbol 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



respect to another for gripping and conpressing tendon tissue
t her ebet ween. Furthernore, before the final crinping action takes pl ace,

anchor menber 840 can initially grip tissue 834 and nove 9gisogtpgate 10
tensile neMOM2888 to a suitable repair position where u 3 r geon

may finally crinp anchor nmenber 840 securgly against elongate tensile
menber 808 as shown in Fig. 74. As further shown in Fig. 74, each access

i nci sion 814, &lfirel &n BRGNS G s Gudhiadorid ¢drapasedBébrec8dsesoor pocketerin
suitable method. 15 Wiile the present invention has been illustrated by a

description Ofgr&é?etome‘?ufdgééigﬁinfﬁf@%'B?ﬁftﬁmaﬁﬁtaw R t_tdpﬁﬁ,g?@mﬁglitmrs have

been descri bed 1Th sone S not the intention the Applicants

detait: The pristinB3 48 franE SeddRiReRbel BORTHRCARG ot Motifnd L)

een 1 Irrus ive o ny "featuresS which

20 may be nodified, used singularly or .in various conbinat,i to be
linited by théeaseddt |SUB§WF'B®GC‘H8?%¥ ﬁSa'ﬂﬁfd?'PP%%tgﬂe%‘!;g eaf&beeir%gé

modi fications will readily appear to those skilled in the art. This has
been a ddscr ishpimmindTigt V\é p'f%'érn‘th'ﬁ AMbAineNt corepriseRi amanghor stictvreed

met hods of practicing the present invention as currently known. Various
aspects of WOhadingSatbanetET/ rusudEe 8649with 28 least onemostion srovadle withused al one
or in different conmbinations. The scope of the invention itself should

only be defi negsgust tbanofieridedrippingrand cotyaeesingwendoratissue . |
1111121212322 0 1 I 12112171 1121111 WO 01/28457 * CL Ms * PCT/US99/ 24098
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



-79- 1. Apparatus for repairing a tendon or |iganment conprised of fibers
extending in a lengthwi se direction thereof, the apparatus conprising: an'
el ongate_tensile nmanher adapted to extend within the interior of said

t endon OWQ?I&ﬁﬁnt ; b.a first helical WQM@W“P%SQr“ on
within the interior of said tendon or.7giganent; and at | east one retaining
menber coupled with said elongate tensile nmenber and operable to hold said
hel i cal anchfs iiventienthby Berused aXdr ¢t indiffetdnit kohitinatidne! | THe sdopwai d t endon
or ligament. 10 2. The apparatus of claim1 further conprising: a second
heli cal anchpihe MEndbN 28/ I1shBRA SritF BB UeliRbadiby the dppehaéd erimsed W th said
el ongate tensile menber and operable to hold said second helical anchor to
sai d tendon_or |.i . fibers, 15 wherein said first and second helica
menber s are“&ﬁg%bggg?gﬁw%e inserted into said tendon or |iganent on
opposite sides of an injured portion thereof and, together with said

el ongate tensile nenber, further adapted to hold said injured portion in a
desired repair position. 3. The apparatus of claim2, wherein at |east one
of said first and 20 second helical anchors is coupl able for novenent

al ong said elongate tensile nmenber. This Sheet Has Been Replaced liii Il
Ut | 1U 111 111111 WO 01/ 28457 PCTI US99/ 24098




-80 4. The apparatus of clai m I rst helical anchor is

coupl abl e for novenent al ong & m @v E %El | e menber. 5. The apparat us
of claiml in said first selc Cal sai d menber
are conne&oew nmovement - al ong said el ongate 5 tensil elgcrerlte 9g)rzghgnd adapt ed
to be fixed at a desired position. 6. T¥9-apparatus of claim1l1l, wherein
said first helical anchor further conprises a helically wound wre. 7. The
appar atus of 1¢cl ai m 1 f Apparetus forpepairing ar ®ndoniondigement comprisad ©dci at ed
with said retaining nenber for gripping said fibers against said 10 first

hel i cal anchebersBextER8indnRa Rhgthveike direttivd therkef, ahs appathtusicamprisihgrenber
Is configured to be received within said first helical anchor for hol ding

said fibers between sghQidiafd frifle MRsHiSr Aibrodits ekidt withl gl anchor
9. The apparatus of claim8, wherein said retaining nmenber 15 includes at

| east one detqr 0 be Iocked onto said elongate
tensile mentn’-)'?t nﬁbﬁefgﬁ tH‘?ﬁgh ?pﬁ%rﬁg \[I Tl [11l MS This Sheet Has Been
5??'23223 EMl lsl :chll_} |U|S|9|9} 3 jﬁgtglllél{cal anchor con!hguredI \Jor ||_Ir|1:‘s x &T;IL \1N|{hm tf1e mtgpor
of said tendon or ligament; and
at least one retaining member coupled with said elongate

tensile member and operable to hold said helical anchor to said fibers

extending within the interior of said tendon or ligament.

10 2. The apparatus of claim 1 further comprising:
a seco_nd helical anchor; and
at least one second retaining member coupled with said
elongate tensile member and operable to hold said second helical anchor to
said tendon or ligament fibers,
15 wherein said first and second helical members are adapted to
be inserted into said tendon or ligament on opposite sides of an injured
portion thereof and, together with said elongate tensile member, further

adapted to hold said injured portion in a desired repair position.

3. The apparatus of claim 2, wherein at least one of said first and
20 second helical anchors is couplable for movement along said elongate

tensile member.

heet Has Been Replaced

BT



-81- 10. The apparatus of claim38, wherein said retaining nmenber includes
a slot to allow coupling of said retaining nenber onto said elongate
tensile nenber. 11. The apparatus of claim8 further conprising a slidably
5 adj ust aBYRIY8i ng nenber for hol ding said retaining :Héﬁﬂ@?”fg‘ﬁ”sai d

el ongate tensile nmenber. 12. The apparatggs of claim1l, wherein said

| ocking nmenber is integral with said retaining nenber. 13. The apparatus

of claim1l, guherei n sHhélapserktustoMEIEieN , Weherdifl saRPAfsA Neticdlr ehsaig
retai ning nmenber. 14. The apparatus of claim 11, wherein said | ocking

menber is a cgLbiEBleBFRfIvendent alohy SMARicHdate Ensik Fhéthbdr, Wherein said

| ocki ng menber and said retaining nenber are each configured to slide

i ndependently along said 15 elongate tensile nenber. 16. The apparatus of
claim8, wherein the exterior surface of said retaining nenber is a

di sconti nuoug surface gdapted to aid in_holding saj fipers between said
retai ni ng mefber and sﬂ'ﬁj ;ma}rg'fushcgf: ‘ﬂﬂ'&? 1am6?'8 sﬂd grsgﬁgﬁ?al%ﬁgbgﬂd
Replaced 111111121212 t00E b0 i1 it piri 11111111121211211111Fff WO

01128457 L ssaidpetginingnembersare gpnnegted foR mouamanitaleng said|elongate wher ein

sai d discontinuous surface further conprises a serrated edge.
5 tensile member and adapted to be fixed at a desired position.

6. The apparatus of claim 1, wherein said first helical anchor

further comprises a helically wound wire.

7. The apparatus of claim 1 further comprising retaining structure
associated with said retaining member for gripping said fibers against said

10 first helical anchor.

8. The apparatus of claim 1, wherein said retaining member is
configured to be received within said first helical anchor for hofding said

fibers between said retaining member and said first helical anchor.

o. The apparatus of claim 8, wherein said retaining member
16 includes at least one deformable portion adapted to be locked onto said

elongate tensile member. _ ——

L]
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18. The apparatus of claim 16, ' |
conprises threads. 5 19. The apmmﬂi}ﬂm%
tensile _nmenber and said retadini ng enbem | e respecti geabl e
portions WPOVHMST di ng sai d retaining nenber at a desi re%&h@?’?ﬁgﬁ al ong
said elongate tensile nenber. 20. The -8pparatus of claim11l, wherein said
el ongate tensile 10 nenber further conprises a flexible suture. 21. The
appar atus of 10 ai m 1, Tecspparatisiaf cainngaivherein Saideretaimingemefbrer her
conprises a rigid nmenber. 22. The apparatus of claim1l, wherein at |east

one of the egRERES sIbERS b BIBERg of hﬁdfﬂeféﬁinpehémbr aRtd1ssidand the
retaining nmenber is 15 conprised of an absorbable material. 23. The

appar at us of | a [.said retaining nenber further conprises a
hel i cal stru%'?h%@%ﬂ?’yg{?&%rms Been Replaced 1111111111111 [111 111 1111
WO 01/ 28457 PCT1US99124098 -83 24. The apparatus of claim 23, wherein one
of the first helical anchor and the retaining nenber is sized to be
received by the other of the first helical anchor and the retaining nmenber
to forminnettand out eherpRRaaius ofsiain §.f“§h25?°'?ﬁﬂs‘&§r?aﬁléﬂi‘i§y of claim 24,
wherein at |east one of the first helical_ anchor and the retaining nmenber
i s novabbe t adinstablenlockinganember fent kaldingsaifl tedaining membejdaseid f i ber s
t her ebet ween. .

elongate tensile member.

onti nuous surface further
Im& wherein said el ongate

12. The apparatus of claim 11, wherein said locking member is

integral with said retaining member.

13. The apparatus of claim 11, wherein said locking member is

10 separable from said retaining member.

14. The apparatus of claim 11, wherein said locking member is a

crimp member.

15. The apparatus of claim 11, wherein said locking member and
said retaining member are each configured to slide independently along said

15 elongate tensile member.

16. The apparatus of claim 8, wherein the exterior surface of said
retaining member is a discontinuous surface adapted to aid in holding said

fibers between said retaining member and said first helical anchor.

This Sheet Has Been Replaced
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26. The apparatus of claim 24, wh outer helical menber I's

col | apsi ble toward the inner heI | QM&M "mwmfal n said tendon or 10

l'i gament fibers therebetween. claiml vvherel n said
retaini ng YM&¥Ts a solid rrerrber with an ou§[ er’ surf acRCHHSPPC4%8 nhel i cal

anchor is collapsible onto said outer sgpface. 28. The apparatus of cl aim
27, wherein said outer surface is a 15 discontinuous surface adapted to

trap said fibgrs agai nJhesppdrdias o€ 2laimals,heherein s4itildisdonkinlibus klitfecé | | 1 |

[1 111l L This Sheet Has Been Replaced titi Il 10U 111 til0l 11111 WO
01128457 PCT/H%Q,%{.%Q%SGS 84efrdted 8g@Pparatus of clairm1, wherein said
first helical anchor fornmed froma flexible suture materlal and said

retaining menber is adapt ed to be inserted into said tendon or |iganent
with said flexible suture mat eri al di sposed generally helically about said

retaining ne r and s dtend ? {aé rrEnt.fib hel.d t her ehet ween.
30. The appardtus of cl prﬂpfgra 8’%’“5 VRSN, dsgentipyous syiface j
formed froma flexible suture nmaterial. 31. The apparatus of claim 30,

wherei n the flugtiepeamprises thrgad®rial forming said el ongate tensile nmenber
Is of greater tensile strength than the

5 19. The apparatus of claim 8, wherein said elongate tensile
member and said retaining member include respective engageable portions
for holding said retaining member at a desired position along said elongate

tensile member.

20. The apparatus of claim 1, wherein said elongate tensile

10 member further comprises a flexible suture.

21. - The apparatus of claim 1, wherein said elongate tensile

member further comprises a rigid member.

22, The apparatus of claim 1, wherein at least one of the elongate
tensile member, the first helical anchor and the retaining member is

15 comprised of an absorbable material.

23. The apparatus of claim 1, wherein said retaining member

further comprises a helical structure.

This Sheet Has Been R eplaced
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10 flexible suture material form ng said helical anchor. 32. The apparatus
of claim1, wherein said helical anchor has a dianeter, a | eading end and
atrailin nd said dianeter varies between said | ' trailing
ends. 33.q%§§&%%garatus of claim 32, wherein said dianmeter reée ﬁ%@g in 15
size in a direction fromthe | eading ené3-0 the trailing end. 34. The
apparatus of claim 32, wherein said dianeter increases in size in a
direction fr@d.the | eafheagppamtuot blain 124, Iwhereamone of thel fidst Ihelicall 11111
11 10 111l L MS w This Sheet Has Been Replaced 1111 TTTT11]

FITETTETTTT ] ghbhoMkd ARS AdrdintigTimeiviber 216198d to BB rdbeivéd bgrAaothersof the
repairing a tendon or l|iganment conprised of fibers extending in a

l'engt hwi se di§ChdIRBI bASHEIUnd thBGeRiMMiAg FhéRbECTPfdril MBer ahd bateraAldicapcond
hel i cal anchors integrally formed a wre wth an el ongate tensile nenber
therebetmeenrnéﬁ£%3anchors being helically 5 wound in opposite directions;
and wherein sai itTst and second helical nenbers are adapted to be
inserted into said tendon or |iganent on opposite sides of an injured
portion thereof and, together with said elongate tensile nmenber, further
adapted to hold said injured portion in a desired repair position. 10 36.
Appar at u® f o5repairi n§{"a appa@dys of cleirg Zfe wherginpat least epe of the first

helical anchor and the retaining member is movable toward the other to

retain said tendon or ligament fibers therebetween.

26. The apparatus of claim 24, wherein the outer helical member
is collapsible toward the inner helical member to retain said tendon or

10 ligament fibers therebetween.

27. The apparatus of claim 1, wherein said retaining member is a
solid member with an outer surface and said helical anchor is collapsible

onto said outer surface.

28. The apparatus of claim 27, wherein said outer surface is a
15 discontinuous surface adapted to trap said fibers against said helical

[

anchor.

heet Has Been Replaced
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fibers extending in a lengthwi se direction thereof, the apparatus
conprising: an elongate tensile nmenber adapted to extend within the
interior of said tendon or liganent; and a first helically coiled

conpr essi BYROUHEor configured for 15 insertion withi n BATUSH2E or of
said tendon or liganent, said anchor beiggg couplable with said el ongate
tensil e nenber and, being conpressible during use to trap the fibers of
sai d tendon @8.|i ganmenThé Bpparatus Sf7claibhd, ayhmreintsaid fifst Helican sifehbris her
conprising: a second helically coiled, conpressible anchor configured for

20 insertionfyirkdt frohh8 fleRiohs k@Furé’Fna"—'téhél dnngihd rétai kdgamm G dacreg! abl e

to said elongate tensile nenber; IIIIIIIIIIIIIIII Il * CL s
This Sh 9 d
Tt R e e e s 1

inserted intg,said,tendo a on, opposite ldes. 0 n ured
portion ther §E§P°aﬁ%| 999%'6@Y ﬁsvcﬂkﬁ’ %%é'& spid J&?*PE'QPJ"%'PE&% ane sa'f'atr‘?QF’P Ofember,
further adapted to hold said injured portion in a deS|red 5 repair
positionB 38'gmﬁénhﬁbﬂﬁdFU%ﬂU¥e%§QNQﬁP37 wherein at |east one of said first
and second helically coiled, conpressible anchors is coupled for novenent
al ong said elongate tensile nenber. 39. The apparatus of claim 36 further
conprising a slidable Iocking 10. nmenber coupled with said el bngate

tensil e nmenb@0.and adafliedpparatus| af claim @9{ wfmtenheslaucbelbhgate@ehsdb
conpressi bl e anchor at a desired | ocation on said

member is formed from a flexible suture material.

31. The apparatus of claim 30, wherein the flexible suture material
forming said elongate tensile member is of greater tensile strength than the

10 flexible suture material forming said helical anchor.

32. The apparatus of claim 1, wherein said helical anchor has a
diameter, a leading end and a trailing end, and said diameter varies between

said leading and trailing ends.

33. The apparatus of claim 32, wherein said diameter reduces in

15  size in a direction from the leading end to the trailing end.

34. The apparatus of claim 32, wherein said diameter increases in

size in a direc:cion from the Ieéding end to the trailing end. ”mi,c””,ﬂ"!!”-’mmm
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el ongate tensile menber. 40. The apparatus of claim39, wherein said
slidable locking nenber is integral with said helically coiled,

conpr essi or. 15 41. The apparatus of claim 39, ' | d
sli dabl e Wé’c‘ﬂﬁ%p member is separable fromsaid first hél 6[249?/§&3&c0iled,

conpressi bl e anchor. 42. The apparatus-gg claim39, wherein said slidable
| ocking menber is a crinp. 'H1U TLIHTTTITIITITiE2 L N s This Sheet Has Been

Repl aced 113%111111 1AA hpparbtus idrirkpairM@ Dendod of liganiedbLomiHsea of- 87 43.
The apparatus of cl.aim 39, wherein said first helically coiled,

conpressi bl efiﬁéﬁrﬁteh&ﬁgqﬁ‘éﬂe%pa% Qir86gbr! therbsY, thaabBskRtug cohpiely: t hat

varies along said | engt r at us for affixi ng a tendon or |iganment

to a bone, the 5 appafr"g% Hﬁd%@ aﬁeﬁqm glala%ﬁeheaaqﬁ thadapt ed

to extend V\nthlnthe in erlor ten elcal anchor

receiving said ate tensi and red, t.0 ced within
the tendon oPfI % Sgﬁdni'ﬁgﬁ%gbeiwa‘?& %'&Fﬁ%&'%?‘ﬂggtﬁ"ga‘@ ongat e
tensile rrenber for all ow ng attachnent of said tendon or |iganment to said
bone. 455 ThwoMpgdpaRpesie d&!’Pﬁ'ﬁ"Hﬁ’sdzP"\durther conpri si ng: '

wherein said first and second helical members are adapted to
be inserted into said tendon or ligament on opposite sides of an injured
portion thereof and, together with said elongate tensile member, further

adapted to hold said injured portion in a desired repair position.

10 36. Apparatus for repairing a tendon or ligament comprised of
fibers extending in a lengthwise direction thereof, the apparatus comprising:
an elongate tensile member adapted to extend within the
interior of said tendon or ligament; and
a first helically coiled, compressible anchor configured for
15 insertion within the interior of said tendon or ligament, said anchor being
couplable with said elongate tensile member and being compressible during

use to trap the fibers of said tendon or ligament therein.

37. The apparatus of claim 36 further comprising:
a second helically coited, compressible anchor configured for

20 insertion within the interior of said tendon or hgament and couplable to sand

slongats tenels merber; H|I|||| 10 1) lIIl
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a retaining nenber adapted to be retained at a selected position along
said elongate tensile nenber to hold said bone anchor, said 15 el Ongate

tensile ne d said helical anchor together with sa
|'i ganment Q&"ESH@E‘ sai d bone. 46. The apparatus of claim 4'%"{/@#8&@% sai d
retai ning menber and said bone anchor iggl ude cooperating | ocking portions

for connecting said retaining nenber and said bone anchor together with

sai d helical anchor 20ywmkéin@aREfidt laydiseessd Reliodl9boilbd) tdrhprebdiblel 11 1111
L1111~ This Sheet Has Been Replaced X11111k | I1I\I]I WO 01/ 28457

PCTI US99/ 2409800 f%rd adaplifs #PBE ibeptBa Fheoldad Bartion Wﬁqﬁhéhtsai p&% i ng
menber i s Sl ze an con

lgured to be recelived at |east partial yvmthln
said helical _.anc . 4 f ng a
11 dabl e | oo ST '"»Efs?mgtﬁf’ﬂﬁif Hin soGedielidh ot febiEraid Yaigels "2 G
adapted to hold.. . sai ainin a _des d | ocation al ong said
el ongat e t endensile Mg QF u@er ?ﬁ%ptgggarl'ﬁ’?‘iéa’&m’b'f RPAON 1niAHesi %sai d
sl i dabl e | ocking nenber is separable fromsaid retaining menber. 10 50.
The apparft ugepdir pegitian48, wherein said slidable locking nenber is forned

integrally with said retaining nenber. 51. The apparatus of claim48,
wherein said slidable |locking nenber is a crinp nenber.

38. The apparatus of claim 37, wherein at least one of said first
and second helically coiled, compressible anchors is coupled for movement

along said elongate tensile member.

39. The apparatus of claim 36 further comprising a slidable locking
10. member coupled with said elongate tensile member and adapted to hold
said first helically coiled, compressible anchor at a desired location on said

elongate tensile member.

40, The apparatus of claim 39, wherein said slidable locking

member is integral with said helically coiled, compressible anchor.

15 41, The apparatus of claim 39, wherein said slidable locking

member is separable from said first helically.coiled, compressible anchor.

42, The apparatus of claim 39, wherein said slidable locking

e e A DR D
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52, The apparatus of claim 44, wherein said helical anchor is 15
conpressi ble. 53. Apparatus for repairing a tear in a tendon or |iganent

conpri sedw f0 &Q;rs extending in a |l engthw se directi Onftf?ﬁrs?%ﬁ?t he
[ : e 1l

apparatus conprirsing: This Sheet Has Been Replaced 1111
1111 WD 01/ 28457 s * PCT1US99/ 24098 -887an el ongate tensile nmenber adapted
to extend within the interior of said tendon or liganent; a first helical

anchor configared for ThHasspddratusvwifidiim BBewihereinisalid fisst helicaliyt eoian or
liganment; 5 a first retaining nmenber coupled with said elongate tensile

menmber and C%Pﬁ&é&% BRcAYY iAklublés 8 lemtith landl fuYthie? Fiildsh Mildmhdtep ahat i st
hel i cal anchor to hold a portion of the fibers to said first-helical

anchor; a se | r configured for insertion within the
Séﬁall% {I@Ju%%@#d |@H§

i nterior of ndon or Tiganent; and 10 a second retaini ng nenber
coupled with said elongate tensile nenber and configured to be at | east
partially received within said second helical anchor to hold a portion of
the fibers to said second helical anchor. 54. The aﬁ{)arat us of claim53,

wherei n sai d#i rst and\RRaFas Tor affixing Adendom er H9ament 15,2908 the | cast one

def ormabl e portion adapted to 15 be | ocked onto said elongate tensile
menber. B5. appraraiiseooprsiog: cl ai m 54, wherein said first and second

an eiongate tensile member adapted to extend within the
interior of said tendon or ligament;
a helical anchor receiving said elongate tensile member and
configured to be placed within the tendon or ligament; and
10 a bone anchor coupled with said elongate tensile member for

allowing attachment of said tendon or ligament to said bone,

45, The apparatus of claim 44 further comprising:
a retaining member adapted to be retained at a selected
position along said elongate tensile member to hold said bone anchor, said
15  elongate tensile member and said helical anchor together with said tendon

or ligament against said bone.

46. The apparatus of claim 45, wherein said retaining member and
said bone anchor include cooperating locking portions for connecting said

retaining member and said bone anchor together with said helical anchor

20  held generally there between. H“‘“j “\||L| “Ill “lLl“ l!ll
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retai ni ng nenbers each include a sl i
portions to be | ocked onto said elgg‘!ﬂﬂlﬂ’@lﬂﬁm
of claim53 further conprising ftlrsg apg;, secona 40 slidabl e | ocking
members f VOOt i vel y hol di ng said fiPst and ‘second PEUP2H38 nenber s
to said elongate tensile nmenber. This Skggt Has Been Repl aced
11111112112111421 11121121271 211212122121217 12121 11212 11 J4 WO 01/ 28457 M
s |'' 4 PCT/ 4389/ 24098 The Upparatud be cRip a5 iwherein sdidiretahfing Ydembpérissai d
slidable | ocking menbers further conprise crinp nmenbers integrally fornmed
on sai d firsts,eahd 86MsLres taibirdGeiVBaTRE Ichst partiaRy ViR 3aR{ halical ¢! ai m 56,
wherein said slidable locking 5 nenbers are crinp nenbers forned
separately fr, id retaining nmenber, each being configured to slide

i ndependent |y al orig said el ongate tensile nenber. 59. The apparatus of
claim53, wherein said first and second retaining nmenbers each have

di sconti nuous outer surfaces for holding said 10 fibers respectively
between said first and_second retajning nepbers and said fjrst and_second
helical anchd&. 60. ThBeappaiys,ef 6iing |44 tHrther cRRmrising 2 slidakie QGkiRG nuous

surfaces further conprise serrated edges. 61. The apparatus of claim59,
wher ei n €ai d ndérpbencounlied yvith said elongate tensile member and adapted to hold.

espective deformabl e,
‘"Kl E!Fmer. 56. The appar at us

said retaining member at a desired location along said elongate tensile

member.

49, The apparatus of claim 48, wherein said slidable locking °

member is separable from said retaining member.

10 50. The apparatus of claim 48, wherein said slidable locking

. member is formed integrally with said retaining member.

51. The apparatus of claim 48, wherein said slidable locking

member is a crimp member.

b2. The apparatus of claim 44, wherein said helical anchor is

15  compressible..

53. Apparatus for repairing a tear in a tendon or ligament

comprised of fibers extending in a lengthwise direction thereof, the

apparatus comprising:
This Sheet Has Been Replaced
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15 surfaces further conprise threads ap arat us of cl ai m 53,
wherein said el ongate tensile nenber nd second retai ni ng

menbers include respective engageabl Id| r et ai ni ng
menbers atYHHEFE positions along sari d\‘erongate tenS|I w&ﬁ” Thi s
Sheet Has Been Repl aced ~Il-~I11 1IIIIIW9III 11T it i- WD 01/ 28457
FEYEEi it rtittbjgr et s 1t il PCTIUS99/ 24098 -91 63. The appar at us

of claimb53, wherein sa glopgateotensilé aemhber ad@dedbto extenbanithipnghel ses a
flexible suture. 64. The apparatus of claim53, wherein at | east one of the

el ongat e t engtbRoNBNORH tehdbh bt igdmb®d;i cal anchor, the second helical
anchor, 5 the first retaining nenber, and the second retaini ng nmenber

further comprise an aﬁl%tg?egksnh&féh%wcahf.%géu P SrsBARSH Widhin e el 53,

wherein said first and sec ave respe Ive anet er s
and i ncl ude rg gﬁct ve % and trailing ends, and said dianmeters each
vary bet ween g ﬁeé'gﬂf'r?é gﬂ'('ﬁ' "o traili ng ends. 66 The apparatus of claim
65, wherein said di arreters each reduce in SI ze in a direction fromsaid
trailingnds toward safistretaining member ceupnled Nathppdreienaste tensilg m 53,
wherein each of said first and 15 second helical anchors is fornmed from
wire. 68. Thenemberrandieonfiguseditonbeat I¢ast ipastiallyoregeived rwithindaid, §rgior t i on

helical anchor to hold a portion of the fibers to said first helical anchor;
a second helical anchor configured for insertion within the
interior of said tendon or ligament; and |
10 a second retaining member coupled with said elongate tensile
member and configured to be at least partially received within said second

helical anchor to hold a portion of the fibers to said second helical anchor.

b4, The apparatus of claim 53, wherein said first and second
retaining members each include at least one deformable portion adapted to

15 be locked onto said elongate tensile member.

55. The apparatus of claim 54, wherein said first and second
retaining members each include a slot to allow the respective deformable

portions to be locked onto said elongate tensile member.

56. . The apparatus of claim 53 further comprising first and second
20 slidable locking members for respectively holding said first and second

retaining members to said elongate tensile member.
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at a trailing end of ' :
the respective heli 48’”9#@5!@@”& e tendon or |iganent. This Sheet Has
Been Replaced 111111 11 1111211212112121211211111111111 WO
01/ 28457 NYQOB##?1Us09/ 24098 -92- “59. *The apparatus of cTGVHIB3% ¢ her
conprising a tool engageable with at |ex®t one of said first and second
hel i cal anchors for rotating said at |east one helical anchor into the
tendon or |i gent. 70Thélppagmas of bhim(56; vaherelsaitMafitdable Icokirg i r st
helical anchor is 5 connected for novenent along said elongate tensile

menber and f néhBers RRIRRE icdhitlisk Reikip BhePitiers iritb§ralp SbAREE oh QaldPhilst sai d
first helical anchor at a desired position along said elongate tensile

menber. 71. A RbHS r%&ﬁniﬁﬁpﬁérﬁﬁﬂg. a tendon or |iganent conprised of
fibers extending 1n a engthwi se direction thereof, the apparatus
conprising: 10 an elongate tensile nenber having a |l ength adapted to
extend within the interior of said tendon or liganment; and a first anchor

structure coupl ed for venent alo the length of said elongate tensile
menber and |£§<ab| e at IFEGGBEP%%F nglaw .avr\gﬂsm said aﬁ‘l’%dmﬁl%k'@ai d first
anchor structure having first and.second fiber gripping 15 portions

confi gur &l féonembersrare SHimp membars formadseparately Eranusalgmq@mlm | i ganent ,

at | east one of said fiber gripping portions being novable relative to the
ot her to gri pnaraber, feablk beirngheordigeired: ton slide2ind@pendenplyralong saiti eldrgare 71,
wherein said first fiber gripping portion is a helical anchor and said
second fi ber tgtidileanegbearti on is a

mrhor for engaging a tool used to rotate

59. The apparatus of claim 53, wherein said first and second
retaining members each have discontinuous outer surfaces for holding said
10 fibers respectively between said first and second retaining members and

said first and second helical anchors.

60. The apparatus of claim 59, wherein said discontinuous

surfaces further comprise serrated edges.

61. The apparatus of claim 59, wherein said discontinuous

16 surfaces further comprise threads.

62. The apparatus of claim 53, wherein said elongate tensile
member and said first and second retaining members include respective
engageable portions for holding said retaining members at desired positions

along said elongate tensile member. . S
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20 retaining menber coupled for novement al ong said el ongate tensile This

She;at Ha/s Been Repl ace(rjrbll 111 ljl 111 “"J"“W““ m'u"h WO 01/ 28457 4
PCT/ US99 0 93 nmenber and con east receive
W t hin Salalg)(ﬁg?l Xal anchor. 73. Thé a bpar at'us Sof *cl ai mrﬁ%%@rog%/n sai d
retaining nmenber includes structure coifli-gured to engage said helical
anchor to prevent said 5 retaining nenber from backing out of said helical
anchor after 680pl ant at Tie apgdratushef ¢laipa 53, weherbincdaid Blongatermemsiteé n sai d
retaining menber is a one-piece slotted collet nenber configured to clanp

onto said el gGM& fulr®escbm ?',rggpgrﬂé*m@shfmgrt ion into said helical anchor.
75. The apparatus of claim wherein said retaining nenber is a 10

two- pi ece slotted collet structure with an interior piece and an exterior
pi ece, whereby upon insertion of sai d exterior piece into said helical

anchor and id inter n terior sal.,d interior
piece is ﬁ?‘r gur ed ttﬁ%f"g g'in?j 5§|, g0 3te 'Egﬁet °<=.Uen‘?efal and said
exterior plece is confi redtoe wi thin said helical anchor to trap
said fibers ePHIALR rm'e%a«f'abweﬂh%ﬁf)ﬂ;‘w@ﬁ rangher,) the secend heliealianchery — 1|

c WO 01/ 28457 PCT/ US99/ 24098 -94 76. The apparatus of claim 71, .wherein
sai d anclBor the firgtretaining member, and the second retaining member further

comprise an absorbable material.

65. The apparatus of claim 53, wherein said first and second
helical anchors have respective diameters and include respective leading
and trailing ends, and said diameters each vary between said leading and

10  trailing ends.

66. The apparatus of claim 65, wherein said diameters each
reduce in size in a direction from said trailing ends toward said leading

ends.

67. The apparatus of claim 53, wherein each of said first and

15 second helical anchors is formed from wire.

68. The apparatus of claim 67, further comprising a drive portion
at a trailing end of each helical anchor for engaging a tool used to rotate the

respective helical anchor into the tendon or ligament.

This Sheet Has Been Replaced

[T




further conprises at |east one cr| menber and said one of the fiber
gripping portions further conpri se "H"Iﬂmgi”wbl e portion adapted to
be crinped within said tendon or sai d f| bers 5 77. The
appar at us "XPOUF%F% 76, wherein sai d crinp minbdr turt her PCRBMSRIGRS 5

second defornmabl e portion configured to.ge crinped onto sai d el ongat e
tensile nenber to retain said crinp nenber at a desired | ocation thereon.

78. The appargd.us of clrherapparatuéef eiasimss fLréigvomprising htbsl 10 further
conprises first and second crinp nenbers adapted to be crinped onto said

fibers on Op%abéaﬁéWh 9? IRt Bné! g?@gﬁtﬁ’l'si 8hd 'sEEor'iE?H@ﬁtfal ahehors¥6r appar at us

of claim78 efein saild first and second crinp nenbers each include a

cr i g ana 'PHErisSpiS o e AE fefes ot G W el or ey <7 o cai o

fibers. 80. The apparatus of claim 78, wherein said first and second crinp
menbers further include respective crinp portions configured to be crinped

onto said elongate tengile nenber to retain said first and second _crinp
menbers at a 4&sired | dbaEPaAratyePEERRIM 53, wherpin said first helicpl anghorjis | | |||
CL MS W 01/28457 PCT/ US99/ 24098 -95 81. The apparatus of claim 71,

wher ei n s&i d conobotedsior nmvementalong $aid elangatertensie innérobercand furthearc hor
having coils defining said first and second fiber gripping portions. 82.
The appar at usoddprisirg lockihg stheoterenopdrableito doclasail dirstshelical anchor at a

desired position along said elongate tensile member.

71. Apparatus for repairing a tendon or ligament comprised of

fibers extending in a lengthwise direction thereof, the apparatus comprising:
10 : an elongate tensile member having alength adapted to extend

within the interior of said tendon or ligament; and

a first anchor structure coupled for movement along the length

of said elongate tensile member and lockable at a desired iocation along

said length, said first anchor structure having first and second fiber gripping
15 portions configured fc;r insertion within the interior of said tendon or

ligament, at least one of said fiber gripping portions being movable relative

to the other to grip said fibers therebetween.

72, The apparatus of claim 71, wherein said first fiber gripping
portion is a helical anchor and said second fiber gripping portion is a

20 retaining member coupled for movement along said elongate tensile

Sheet Has Been Replaced

T




5 further conprises inner and outer helical nmenbers with said inner helical
menber sized and configured to be positioned within said outer helical
menber. 83, The appar atus of claim82, wherein the inner helical nenber is
expandabl e QW7 t he outer helical nember to retain sai FHARIUHOB 10

|l i gament fibers therebetween. 84. The appgratus of claim 72, wherein the
outer helical nenber 1is collapsible toward the inner helical nenber to
retain sai d teeddser@nd dondigiited td bé at fedsh paalafil, Weeslved vithil @arPRaical us of
claim71 further conprising: 15 a second anchor structure coupled for
movenent al ongndHyp. | ength of said elongate tensile and adapted to be

| ocated on an opposite side of a repair site fromsaid first anchor
structure, said second anchor structure being | ockable on said el ongate
tensile menmber. TILTIETITDT 22122 11 11T WO 01/28457 | 1 ~I1~I1 T11~L [I11
N (NN PCTI US99/ 24098 Th arat us of claim85,

wher ei n t he sgybnd anch a%‘ﬁ’ﬁ%tﬁfecq?' ?ﬁe}“’?’@{)ﬁg tetaining mg eéecond
fiber gripping portions configured for insertion with said tendon 'or

| i ganent Wit h'“&[) udeg SIFuChiE Wf'gélf%’ 19 srgaggrsaith halicad anchemnte prevegt seidabl e
relative to the other to grip said 5 fibers therebetween. 87. The

appar at usbof tainipgmnembee froinm bepking jout of saidhhelicet ancharrafterfiopianation.
conprises an inner retaining nmenber and an outer helical nmenber wth said
i nner retaining nenber sized and configured to be positioned

74, The apparatus of claim 72, wherein said retaining member is a
one-piece slotted collet member configured to clamp onto said elongate

tensile member upon insertion into said helical anchor.

75. The apparatus of claim 72, wherein said retaining member is a
10  two-piece slotted collet structure with an interior piece and an exterior
piece, whereby upon insertion of said exterior piece into said helical anchor
and said interior piece into said exterior piece, said interior piece is
configured to clamp onto said elongate tensile member and said exterior
piece is configured to expand within said helical anchor to trap said fibers

15 against said helical anchor.

|



within said outer helical nenber and the outer helical nenber is ]
col l apsible 10 toward the inner retaining nenber to retain said tendon or
|l i ganment fibers therebetween. 88. A tendon or liganent _retrieval device
operati ve™PPWBFZ a tendon or liganent end to a desire§CUYEPL Ry
position, the device conprising: 15 an98longate body; a helical nenber
coupled with said elongate body and nounted for rotational and

t ransl at i ona?6novenentThecdpparatustof didien 21 owhatein sbiddanchat streenfreone drive
mechani sm coupled with said helical menber 20 for effecting rotational

novement of faibrtehigils HEMMRE ohBlPinFRhiéni ¢PE did ohé $RABRE Fiband
subsequent translational novenent of said helical nenber to nove said

tendon or i Jrite ' ' I b ' [gll hd 11
P T Igﬁ;gﬁllq% plﬁrﬁjolrfs?fl V\Dr g‘?/ﬁ1 éﬁgs?ggﬁ%ﬁal\f%&pegﬁ 1d{5fslgrélak21§f|8ige§| ﬂo—%é?- 89.

The device of.. L m. gﬂe'_r ' ird . €l Jdncludes a distal tip
and further %%%?‘li’ g"ﬁﬁn gt |3$P§?§?i“gﬁ gﬁ?ﬁ%%ﬁ?gg%ﬁ%%lgd distal tip for

engagi ng said tendon or |iganment end and preventing rotation thereof as
said helical 5 nenber rotates into said tendon or |iganment end. 90. The

device of claim 88, wherein said elongate body_ is a hollow, flexi l:él e body.
r .

91. The Bevi €& of cl ailegaPpafus af claimy {6 hwhetein saidRTimp Mmarpbgr furth

comprises a second deformable portion configured to be crimped onto said
elongate tensile member to retain said crimp member at a desired location

thereon.

78. The apparatus of claim 71, wherein said anchor structure
10  further comprises first and second crimp members adapted to be crimped

onto said fibers on opposite sides of said elongate tensile member.

79. The apparatus of claim 78, wherein said first and second
crimp members each include a respective plurality of deformable legs
configured to interlock after crimping and thereby hold said first and second

156 crimp members to said fibers.

80. The apparatus of claim 78, wherein said first and second
crimp members further include respective crimp portions configured to be

crimped onto said elongate tensile member to retain said first and second

* c L M S *

crimp members at a desired location thereon.



I ncludes first and second, counter-rotating helical grasping bodies each
10 bei ng ‘connected for rotation and translation by said drive nechani sm

92. A nmethod of repairing a tendon or |iganent conprised |
ext endi ng WROH28&gt hwi se direction thereof and having apgilg%h%t%ﬁg% met hod

conprising: 15 installing an elongate tegsil e nenber within said tendon or
| i gament; driving a first helical anchor into said tendon or |iganent;
securing sai dgfjrst heliheadpparstasioficiisa? tl, @herda isaidt anchior atruceureer ; 20
driving a second helical anchor into said tendon or |iganent; noving the

tendon or i JaifRblisdsta o P&isible isiicdl UMcAbr RaViflg €8 defiding daid fitdtiand 1 J!
11111 WO 01/ 28457 * PCIT/ US99/ 24098 -98- securing the second helical anchor

to said el ongat Il e f}g{rp ..93. The method of claim92, wherein the
st eps of secu‘%fc BE’;“?%I&Q%P& (grrtl'gng'econd hel i cal anchors further conprise

gripping the fibers 5 between said first and second helical anchors and a
pair of respective first and second retaining nenbers. 94. The nethod of
claim92, wherein adjusting the tendon o | i ganent further conprises:
movi ng sai d eBdngate t S IMPAFBWES ?iﬁ"f‘hs?e E?‘"tt%eé'fsq angher sn;}(‘;'cb‘ﬁé of

said first and second helical anchors and thereby approximating the tendon
or |iganeht tturther¢ompsises ipmsiandoeiter helical members with said inner helical

member sized and configured to be positioned within said outer helical

member.

83. The apparatus of claim 82, wherein the inner helical member is
expandable within the outer helical member to retain said tendon or

10 ligament fibers therebetween.

84. The apparatus of claim 72, wherein the outer helical member
is collapsibie toward the inner helical member to retain said tendon or

ligament fibers therebetween.

85. The apparatus of claim 71 further comprising:

15 a second anchor structure coupled for movement along the
length of said elongate tensile and adapted to be located on an opposite
side of a repair site from said first anchor structure, said second anchor

structure being lockable on said elongate tensile member.

* c L M S *



95. The nethod of ¢laim 92, ~whereimn said tendon includes a . sheath and

the method further ] ] at |l east two spaced apart incisions in
sai d sheath, t accegmmmlmml‘mmri ng said securing and 15 adjusting
st eps. 96. WY od of fepai M ng a*tendon or |iganent cHEFAUSRUOW fi bers
extending in a | engthw se direction thejggof and having a tear, the nethod

conprising: inserting an elongate tensile nenber into said tendon or 20

| i ganent’ andgeéxt endi ngrecsgisdiatiai of dISAT 85, WheVih Wé $845Hd 11111111
VITI VITI Il ['I1 PCTIUS99/ 24098 -99 rotating a fi rsﬁe%?‘%ﬂar anchor

around sai d §irQEERS PurtidtddnSpridER THEL aRd et %ﬁé&%‘@fs{jb?{t}of said tendon

or liganent on a first side of said tear; hel i cal
anchor.to saj I].&: and said fi.pers: rotating a
second hel i %&%@ﬁg?&ﬁ'{' %%ﬁ%hs‘glltﬁg%{%'ggg qri"ﬁg‘i'"leﬂt "‘ﬂ&hﬁfe‘ea%ﬂn? Rfo the
interior of sai q t endon. or | i.%?nﬁnt on a second side of said tear,;
adj usti ng t hEP'9i"&er JERPIRERALHONS Reing;rpayable relativestthecptherto grig saidhor s
al ong sajd el ongate tensile nenber to bring the first and second sides
t oget her®t o HbergherebgbyeeN.on general |y at said tear; and | ocking said
second helical anchor to said elongate tensile nenber and said fibers
after reaching said repair position.

87. The apparatus of claim 71, wherein the first anchor structure

further comprises an inner retaining member and an outer helical member

with said inner retaining member sized and configured to be positioned

within said outer helical member and the outer helical member is collapsible

10 toward the inner retaining member to retain said tendon or ligament fibers

therebetween.

88. A tendon or ligament retrieval device operative to move a
tendon or ligament end to a desired operating position, the device
comprising:

15 an elongate body;

a helical member coupled with said elongate body and
mounted for rotational and translational movement relative to the elongate
body;

at least one drive mechanism coupled with said helical member

20 for effecting rotational movement of said helical member into said tendon or
ligament and subsequent translational movement of said helical member to

move said tendon or ligament end to the desired operating position.




helical anchors to the fibers furth lﬂ BII'Epm ng the first and
second helical anchors toward respe cond retalnln
menbers usMRPEYetic force. 98. Apparatus for repal ri nf@Y¥ 'g a
tendon or |iganent, the apparatus conprigg-ng: 20 an el ongate ten5| |l e
menber adapted to extend within the interior of said tendon or |iganent

froma first gigde of sarHe Uedicelo? claifE88 W hefdinl @aidf eloAgatetialy in¥Xdded /a28457
PCT/ US99/ 24098 -100 a first anchor body connected with said el ongate

tensile ”e”bﬁfstglsﬁﬁ gaalf{,ﬁﬁe,aggfhgﬁs,pgdy configured for insertion within the
interior of sa tendon or |1 ganent; first securing structure operable to

at | east assi st | n hol délg'tg-r?t%ggﬁfs%xfc JrﬁtngEﬁo{i%ﬁsthﬁgfw éfmaéblfl‘iigal nterior of

said tendon or |iganent sal ear anchor
body connected noyenent. al .el on aIe ensi | e sai d
second anchor t ?fb&f‘ﬁb'r‘ﬁ"?'@?ﬂte‘?ﬂé)%’?d PFFQ’@PF'PEW g{e@ﬁﬁscﬁ@%ﬂiﬁ% t he
interior of said tendon or ganent; 10 second securlng structure operable
to at | ea$t aseerber fr?@@ﬁdﬂ??g“'@é?’éﬁ%%bﬂ'ﬂ?"ﬁw body within the interior
of said tendon or liganment on the second side of said tear; and | ocking
structure operable to hold said second anchor body at a desired distance

fromsaid first anchor body al ong said elongate tensile 15 nenber.
90. The device of claim 88, wherein said elongate body is a

97. The nethod of claim96, wherein Iﬂ@@"ﬂﬁ the first and second 15

hollow, flexible body.

91. The device of claim 88, wherein said helical member further
includes first and second, counter-rotating helical grasping bodies each

10 being connected for rotation and translation by said drive mechanism.

92. A method of repairing a tendon or ligament comprised of fibers

extending in a lengthwise direction thereof and having a tear, the method

comprising:
15 installing an elongate tensile member within said tendon or
ligament;
driving a first helical anchor into said tendon or ligament;
securing said first helical anchor to said elongate tensile
member;
20 driving a second helical anchor into said tendon or ligament;

moving the tendon or ligament to a repair position at said tear;

and



99. The apparatus of claim 98, whergai [ d second securing i

structure conprises projections eqﬁ“&u}'ﬂi’&ﬂﬂiymel y fromsaid ‘first and |

second anchor bodies generally in rd direction with |
respect t¥OYt¥5%| ongate tensile member. 20 100. The apPeh¥3%9@408% claim 99, |
wherein said first and second anchor bagges are tubul ar-shaped nenbers. |
[~~trer el 1~ 1111121 INCL M1 Bill 11112121221212112217 121111121121
WO 01/ 28457 M $ * PCTkk&fthg2he¥econd Bblical Ghchdhtb $818lcHgase dnspbai m 98,
wherein said first and second anchor bodi es are tubul ar-shaped nenbers.
102. The apprsmbes of claim 98, wherein the first and .second securing
structures further conprise portions connected with said first and 5
second anchor bodies, said portions receiving sutures used to secure said
first and second anchor bodies within the interior of said tendon or
| i ganment . . The apparat.us.o Laim 98 further conprising a tool
sel ecti vel ng%gngageabﬁge\mﬁtﬁogpl} Fg’é’?t n¥hgiein the;steps of seawing.saily anchor
bodies for 10 inserting sajd at |east one -anchor body within the tendon or
li gament :  fisst and, gecgridohelicakanghors furthessomprisecgripping thentibersne of said
first and second anchor bodies is swageable to said elongate tensile
menber . 5 10betwhen spidofirst and secandihelicaBaneitass @nd aspaid of respective fisst body i s
connected for novenent along said elongate tensile nenber and further 15
conpri si ng laadlsecgnd retaiting smneopberabl e to | ock said first anchor body at a
desired position along said elongate tensile nenber.

94, The method of claim 92, wherein adjusting the tendon or
ligament further comprises:
moving said élongate tensile member with respect to at least
10  one of said first and second helical anchors and thereby approximating the

tendon or ligament to said repair position.

95. The method of claim 92, wherein said tendon includes a
sheath and the method further comprises forming at least two spaced apart
incisions in said sheath to access said tendon during said securing and

15 adjusting steps.

96. A method of repairing a tendon or ligament comprised of fibers

extending in a lengthwise direction thereof and having a tear, the method
comprising:

inserting an elongate tensile member into said tendon or

20 ligament and extending across said tear;




106, The apparatus of ~claim 98, wherein the first and second securing

bodi 65, L4 bt ﬁ@mﬁﬂmﬂum | |iﬁliiip38 0128457 M St T LS00) 24008
odies. 1

-102- 107%kj°r}ré€a%%d epal Ik N@ as+Lendon or |iganent ha\?FWE'%g;q@gsr, t he
met hod conprising: connecting a first an®Ber body to an elongate tensile
menber; securing said first anchor body within the interior of said 5
tendon or |iganent on aofatirgka firsteheliCalsmiathor arryndcsaidh elonigate tersiieond anchor
body to said elongate tensile nenber; securing said second anchor body

Wi thin the i nnefriber adtl iRtY the ineatibe of Gaid teddGRIVr liYamient OH firstiside of sai d
tear; 10 adjusting the distance between the first and second anchor bodies

al ong said elgiigatq:tensile menber to bring the first and second sides
together at said tear; and holding the first and second sides together at

venbor - 15 108, The mot P BFoa Trths spndtat S BIOBRORIBIRTLE, < o

first andz.second ancghor bodies further conprise engagi ng said tendon or

| i ganent %tharBfﬁ?'ggff s on said first and second anchor bodies. 109. The
met hod of claim 108, wherein the steps of securing said first and second
anchor bodies further JdBHNGs®secqns halicplanghasaragnd seid elonwate tensilend

second anchor bodies within said tendon or |iganent. ,
member and into the interior of said tendon or ligament on a second side of

said tear;
adjusting the distance between the first and second helical
10  anchors along said elongate tensile member to bring the first and second'
sides together to a repair position generally at said tear; and
locking said second helical anchor to said elongate tensile

member and said fibers after reaching said repair position.

97. The method of claim 96, wherein locking the first and second
15 helical anchors to the fibers further comprises collapsing the first and
second helical anchors toward respective first and second retaining

members using magnetic force.

98. Apparatus for repairing a tear in a tendon or ligament, .the
apparatus comprising:

20 an elongate tensile member adapted to extend within the
interior of said tendon or ligament from a first side of said tear to a second

side of said tear;
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110. The method of claim 107, wherein the steps of securing said first and
second anchor bodies further conprise separately suturing said first and
second anMPM2B458i es within said tendon or |iganent. 11PCTAR®AMBhod of

cl ai m 107, wherein adjusting the distangg-5 between the first and second
anchor bodies further conprises sliding one of said first and second

anchor bodi es al ong sg firs¢lapBBér KodyeesiieRteE WY saidVeldrigateitdrisng the first
and second sides together with said elongate tensile nenber under tension.

112. The net H‘%ﬂﬂ%fr, géiaifmtl%ho%gaficanﬁguﬂeaars} ifsePticP Atih 8Rinkerick®

I nci sions are nma to access sai endoh or l1ganent during sald securing

and adj usti ng, st. . thod of claim 107 further conprising:
o $aid Bongel B ey

swagi ng sai ahchor bodies to said elongate tensile
menber at the adjusted. distance. 15 114. A nmethod of -repajring.,a tendon or
| i gament having a tea‘gfrs'f ﬁ%c-”rWEtﬁ%W“é'GrﬂﬂeF%‘?q%é? ait,lgaéhapgiat o ?‘%FE‘P anchor
body and _an el ongate tensile nenber connected therewith through the

i nteri orSof said dirsteansher bedy iwithip the itgrioret gajd tenden peligament anpthg | ng sai d
first anchor body within said tendon or liganment; 1111111111111111211111111
| 11111 WO OfirsR8itte7of sai ttewt $ * PCT/ US99/ 24098 _

a second anchor body connected for movement along said
elongate tensile member, said second anchor body configured for insertion
and retention within the interior of said tendon or ligament;

10 . second securing structure operable to at least assist in holding
said second anchor body within the interior of said tendon or ligament on
the second side of said tear; and

locking structure operable to hold said second anchor body at

a desired distance from said first anchor body along said elongate tensile

15 member.

99. The apparatus of claim 98, wherein the first and second
securing structure comprises projections extending respectively from said
first and second anchor bodies generally in a radially outward direction with

respect to said elongate tensile member.

20 100. The apparatus of claim 99, wherein said first and second

anchor bodies are tubular-shaped members. OO O R O
* L " s *

c



-104- connecting a second anchor bo ' | ongate tensile nmenber;
I nserting said second anchor body V\Ajmuﬂﬂaﬁ!ma&”mhor | i gament on an
opposite side of said tear fromsaidaTlsty y while 5 allow ng
moverment &f° Y448 second anchor body al ong said el ongate ?%§9P@4°9?rerrber;

pulling the tendon or |iganment togetheripy-tensioning the elongate tensile
menber between said first and second anchor bodies; and fixing said second

anchor body qo1sai d el Phgapparatisot claikd 98; Witdreit said Ifpsiednddseodach hol ds
the elongate tensile nenber in tension and holds the tendon or |iganent

t oget her at §ﬁ&&éwrir%st %réegtubﬁlé@ﬂ%ﬂgd%erﬁﬁé}@! ring a tendon or |iganent

havi ng a tear, conprising: connecting a first anchor body to an
el ongate tensile nmenber; 15 securing said first anchor body within the
interior of said tendon or liganment on a first side of said tear; securing
a second anchqr, body wiithin the inferjor of said  tendon gr [iganment on a
second si de Bg)zsai d t\é\t ?aPBﬁ@?‘ﬂﬁlP glaing I?g'é(\'flﬁ{ﬁﬁ'tté‘et%ﬁglapg SREAMEr to adj ust
the distance 20 between the first and second anchor bodies and bring the
first and se&8dingsigaaturesfurthar compisepartians cangeqied avidy seiddirst pad and
second sides together at said tear wwth at |east said anchor bodies and
sai d el orffgat secentahchardisies, sald Pdtipdd Bacahing SBoes 1688 to-sedbre said

first and second anchor bodies within the interior of said tendon or

ligament.

103. The apparatus of claim 98 further comprising a tool selectively
engageable with at least one of said first and second anchor bodies for

10 inserting said at least one anchor body within the tendon or ligament.

104. The apparatus of claim 98, wherein at least one of said first

and second anchor bodies is swageable to said elongate tensile member.

105. The apparatus of claim 98, wherein said first anchor body is
connected for movement along said elongate tensile member and further
15  comprising locking structure operable to lock said first anchor body at a

desired position along said elongate tensile member.

106. The apparatus of claim 98, wherein the first and second
securing structures are integral parts of the respective first and second

anchor bodies.



116. Apparatus for repairing tend he apparatus conpri si.ng:
an el ongate tensil e nenber havi ng "m ,! to extend wthin the
interior of said tendon or Ilganen hor ted for
movenent MNAMHEILEi d el ongate tensi le rrerrber “said fi rs:}%éﬁ'gg%ﬂ Sg’ody
further configured for insertion wthitp2he interior of said tendon or

| i gament and | ockable at a desired position along said elongate tensile

menber; and figyst Secusim@hstrdfaepdiAing Raleatibe of ligamehthavingesiest, the hol di ng
10 said first anchor body within the interior of said tendon or |iganent.

1111111 1111} thédd L:bn"]plriEHgl I 1111 CL MS

connecting a first anchor body to an elongate tensile member;
securing said first anchor body within the interior of said
5 tendon or ligament on a first side of said tear;
connecting a second anchor body to said elongate tensile
member;
securing said second anchor body within the interior of said
'tendon or ligament on a second side of said tear;
10 adjusting the distance betwgen the first and second anchor
bodies along said elongate tensile member to bring the first and second

sides together at said tear; and

holding the first and second sides together at said tear with at

least said anchor bodies and said elongate tensile member.

15 108. The method of claim 107, wherein the steps of securing said
first and second anchor bodies further comprise engaging said tendon or

ligament with projections on said first and second anchor bodies.

109. The method of claim 108, wherein the steps of securing said
first and second anchor bodies further comprise separately suturing said

20 first and second anchor bodies within said tendon or ligament.
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110. The method of claim 107, wherein the steps of securing said
first and second anchor bodies further comprise separately suturing said

first and second anchor bodies within said tendon or ligament.

111. The method of claim 107, wherein adjusting the distance
between the first and second anchor bodies further comprises sliding one of
said first and second anchor bodies along said elongate tensile member
while pulling the first and second sides together with said elongate tensile

member under tension.

112. The method of claim 107, wherein at least two spaced apart
incisions are made to access said tendon or ligament during said securing-

and adjusting steps.

113. The method of claim 107 further comprising:
swaging said first and second anchor bodies to said elongate

tensile member at the adjusted distance.

114. A method of repairing a tendon or ligament having a tear, the
method comprising:

inserting a first anchor body and an elongate tensile member
connected therewith through the interior of said tendon or ligament and
across said tear;

securing said first anchor body within said tendon or ligament;
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connecting a second anchor body to said elongate tensile
member;

inserting said second anchor body within said tendon or
ligament on an opposite side of said tear from said first anchor body while
allowing movement of said second anchor body along said elongate tensile
memt_:er;

pulling the tendon or ligament together by tensioning the
elongate tensile member between said first and second anchor bodies; and

fixing said second anchor body on said elongate tensile
member at a location which holds the elongate tensile member in tension

and holds the tendon or ligament together at said tear.

115. A method of repairing a tendon or ligament having a tear, the
method comprising:

connecting a first anchor body to an elongate tensile member;

securing said first .anchor body within the interior of said
tendon or ligament on a first side of said tear;

securing a sgcond anchor body within the interior of said
tendon or ligament on a second side of said tear;

tensioning the elongate tensile member to adjust the distance
between the first and second anchor bodies and bring the first and second
sides together at said tear; and

holding the first and second sides together at said tear with at

least said anchor bodies and said elongate tensile member. -

PETa
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116. Apparatus for repairing tendon or ligament, the apparatus
comprising:

an elongate tensile member having a length adapted to extend
within the interior of said tendon or ligament;

a first anchor body connected for movement along said
elongate tensile member, said first anchor body further configured for
insertion within the interior of said tendon or ligament and lockable at a
desired position along said elongate tensile member; and

first securing structure operable to at least assist in holding

said first anchor body within the interior of said tendon or ligament.

O



