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The present invention relates to a stemfop.repairing lacerated or severed
fibrous connective tissue, referred to herein as "connective cords" or

"cords," 5 particularly tendons and |iganents.
Background of the Invention

TENDON AND LIGAMENT REPAIR SYSTEM
Eield of the Invention
The present invention relates to a system for repairing lacerated or severed
_ fibrous connective tissue, referred to herein as "connective cords® or *cords,”
5 particularly tendons and ligaments.
Background of the Invention

Repair techniques for lacerated or severed tendons and ligaments ("connective
cords" or "cords") vary widely depending on the nature of the injury and the particular
cord affected. There are large differences in the extent to which access can be

10 obtained in the least obtrusive manner, in the amount of cord excursion, in the
surrounding eavironment, in the stresses to which different cords are normally
subjected, and in the healing characteristics of different cords. In addition, often there
is no consensus of the overall best way to repair a given cord. ' Examples of often
injured cords having different accepted repair techniques are flexor tendons of the

15 hand and the anterior cruciate ligament (ACL) of the knee.

For example, repair of a long flexor tendon that has been severed is typically
achieved by suturing the severed tendon ends face-to-face. Historically, the joints
across which the tendon acts were immobilized for from three to eight weeks to
protect the tendon while it healed, because a freshly sutured tendon can withstand

20 only a fraction of the tensile force to which a healthy tendon is subjected during
normal use. Immobilization results in scarring and adhesion formation along the
length of the tendon. Range of motion is adversely affected, particularly in the case of
flexor tendons which normally glide smoothly through and over the unique system of
tendon tunnels and pulleys of the hand. Nevertheless, it was thought that fibroblastic

25  ingrowth was required in order for the tendon to heal, such that immobilization and
the resulting decreased range of motion were considered necessary evils in order for
effective healing to take place. More recently it has been discovered that flexor
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15 ACL possesses important mechanoreceptive and proprioceptive capabllmes. Graﬁ
reconstruction sacrifices these capabilities. (2) Autografting involves considerable
donor site morbidity. (3) To avoid donor site morbidity, occasionally a cadaveric
graft is used. This carries the risk of disease transmission.

These problems with ACL reconstruction have led to renewed interest in

20  primary repair of the ACL. In the case of primary repair without augmentation, small
bores are drilled in the adjacent bones approximately at the anatomically correct sites
for normal connection of the ACL. Multiple loops of suture are used for reconnecting
the ligamentous stumps to the bone. Several loops of permanent suture can provide
an initial strong repair. However, over time the strength of the repaired ACL often

25  decreases, which is indicative of a failure in the healing process. In general, it is now
accepted that healing tendencies of the intra-articular ACL are poor, particularly when
compared to the neighboring extra-articular medial collateral ligament which heals
readily.

Failure or long-term weakening of ACL primary repair has led to techniques

30 for "augmenting” a primary repair. These can involve suturing biological material,
such as a section of patellar tendon, across a repair site, and the use of artificial
augmenting strips or sheaths which typically have been flexible and fibrous in the hope
that healing of the ACL will be promoted, rather than being inhibited by, the close
proximity of an artificial "shield." Strips or bands of Dacron, polyethylene or carbon

35  fiber have had their opposite ends stapled or otherwise anchored to the adjacent bones
to provide the primary or secondary support for the "healing” ACL.
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it is important that the sleeve be as thin as possible so as not to interfere with the
gliding motion. In addition, normal gliding may be enhanced by forming the sleeve in
1S  an oval shape with a horizontal major axis much longer than a vertical minor axis.
The mechanical interconnection of the cord ends and the sleeve preferably is
sufficiently strong that immobilization is not required. Strengthening and healing
promoting exercises can begin almost immediately.
The sieeve and any mechanical connection components can be bioabsorbable.
20 The period of bioabsorbability is selected based on the healing characteristics of the
affected connective cord. Ideally, the sleeve and mechanical connection components
will remain sufficiently strong over time such that the overall force that the repaired
connective cord can withstand always is at least as great as the force to which it is
normally subjected. For example, in the early stages when the cord itself has
25 essentially no resistance to separation, the sleeve and connection components will
withstand a strong tensile force. As the connective cord heals and is capable of
withstanding substantial force on its own, the partially absorbed sleeve and connection
components need not withstand as much force as at the outset.
The connection pins can be formed with sharp tips for driving through the
30 sleeve and enclosed cord end portions. The pins can extend between aligned holes in
the sleeve. The sharpened end portions of the pins &an be cut or broken off following
insertion. Preferably, the opposite ends of the pins lie flush with the outer periphery
of the sleeve when the repair is complete. In addition, the pins can be formed with
interior shoulders to engage against the inner periphery of the sleeve for reliably
35 holding the pins in position.
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esleevecanbeaumtaryenclosurefortheconnectxvecord,le having a

continuous peripheral wall, or it can:be formed wnth 2 hinge or hinges along one (
longitudinal side for opening and closmg in clamshell fashion, or it can be formed of
separate pieces. Inthecaseofahmgedornmltxplepleeesleeve,thepmscanbe

15 formed integrally with the sleeve for. penetrating the-connective cord as. the sleeve
partsarebroughttogcthcr Thesleevecenbedesngnedmsuchawayastobend
about a transverse axis, and ‘may have a smooth Lovering for normal excursion
without snagging or abradmg adjacent tissue. One. severed end of a connective cord
canbesecuredmasleevemaccordancemththepresem:nvennon, with the sleeve

20. being. adapted to be secured to a bone, part:cularlymthe case of an ACL severed

' close to its normal connect:on to the tlbm or. fcmur

The foregomg aspects and many of the attendant advantages of thxs invention
_ will become more readily: appreciated- as the -same becomes, better understood by
25 reference to the. following detailed. descnpnon, when. taken in conjunetlon with the.
accompanying drawings, wherein: ..
FIGURE 1 is a top perspectlve ofa. severed ﬂbrous cord of connective tissue
repaired in accordance with the systetn of the present invention; . :
FIGURE 2 is a side elevation of the repaired cord of FIGURE 1, with parts
30  broken away;. .
- FIGURE3isa vertlcal transverse sectton along lme 3-3 of FIGURE 2
FIGURE 4 is a graph illustrating the relatxve strengths of a sphce in
accordance w1th the present invention and a healmg connecttve cord over time;
FIGURE S is a top perspective of a component of the sphce in accordance
35  with the present invention, namely, a connection pin, and FIGURE 6 is a longitudinal
section thereof;,
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FIGURE 17 is a somewhat diagrammatic top perspective of the strips of

15 FIGURE 15 and FIGURE 16 assembled with other components of the splice of the

FIGURES 18,19and 20 are corresponding, diagrammatic, longitudinal

vertical sections illustrating different stages of cord repair using the foil strips of -
FIGURES 15-17;

20 FIGURE 21 (on the drawing sheet with FIGURES 15-17) is a top perspective
of a modified foil strip usable in the present invention;

FIGURE 22 is a top perspective of an alternative splice in accordance with the
present invention, and FIGURE 23 is'a corresponding top perspective of the splice of
FIGURE 22 with parts in different positions;

25 FIGURE 24 is a top perspective of another embodiment of a splice in
accordance with the present invention;

FIGURE 25 is a top perspective of another embodiment of 8 splice in
acoordancemﬁltbepresentmvenuon,andFIGUREZSuamdeelevahon of the
splice of FIGURE 25;

30 F!GUREZ?lsatopperspecnveofmmeraltumveformofasphcem
accordmcewuhﬂlepresetnmvennon,mdmzslsamdeelevamnofﬂ\e
splice of FIGURE 27,

FIGURE 29 is & top perspective of another embodiment of a splice in
accordance with the present invention, FIGURE 30 is a somewhat diagrammatic end

35 elevation of the splice of FIGURE 29, and FIGURE 31 is a longitudinal vertical
section of the splice of FIGURE 29;
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m&, FIGURE 37 isa longitudinal vertical section of the splice of FIGURﬁBS
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FIGURE 35;
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15

20

'extemaleompone:uofFIGURE39

FIGURE 41 is a fragmentary transverse vertical secnonofasphceofthe
general type shown in FIGURE 35, but with 2 first modified internal component,
FIGURE 42 is a fragmentary transverse vertical section corresponding to FIGURE 41
butwnthasecondmodnﬁedmtemalcomponent,FIGUREBlsaﬁ'agmentary
transverse vertical section- corresponding to FIGURE 41 but with a third modified
internal component, FIGURE 44 - is- aﬁ'agmeuarymsvelse vertical section

- corresponding to FIGURE 41:but with a fourth modified internal component, and

25

30

35

FIGURE 45 is a horizontal section along line 455 of FIGURE 41; _

FIGURE 46 is a top perspective of another embodiment of a splice in
accordmeemththeprsentmvenhonwuhparushownmexplodedrelauonshtp and
FIGURB47:satopperspechveeorrespondmgtoFlGURE46buththparts
uwuﬂﬂat o
HGURB“uawppmpecnveofamtherfomohsphcemamrdancemth
thepresentmvennonw:thpartspamallyassembled, L

FIGURES49and50areoorrespondmgtoppetspectxvesofarepmrsystemm
accordancemththepresmmvenhon,lﬂustmnnganaltemahvewayofwwmga
splice to a damaged connective cord; :

FIGURE 51 uatopperspechveofmothermbodlmmtofa splice in
accordance with -the present invention, with some parts .shown -in  exploded
relahonshlp,andFIGURBSZmaﬁagmentarymhrgedtopplanofapomonofthe
splice of FIGURE 51;
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20 Thesphceofthepresentmvennomsusedforrepunnglawuedorsevered

fibrous connective tissue ("connective cords"), particularly ligaments and tendons.

One embodiment of the splice 10 is illustrated in FIGURES 1, 2 and 3 in conjunction

with a connective cord C, such as & flexor tendon, separated at a locationL

intermediate its opposite end connections (not shown) to adjacent bone and muscle.

25 Relanveszesofﬂxeeordandspheeeomponentsueenggeratedmﬂwdmwmgsfor
- ease of illustration and description.

The primary component of the splice 10 is a unitary, substantially rigid or
semi-rigid sleeve 12. The interior of the sleeve is of substantially uniform cross
section from one end 14 to the other end 16, sized to snugly receive the severed end

30 portions of the cord. The separation location L is situated midway between the sleeve
| ends. In accordance with the present invention, the cord end portions are secured
within the sleeve so as to maintain the separated ends in abutting relationship to
promote healing. In addition, the severed end portions are interconnected with the
sleeve for substantially uniform distribution of force across the cord. Tension can be
35 applied to the cord through the splice even before any healing has occurred, thereby
enabling normal functioning of the repaired cord immediately or soon after the repair.
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FIGURE 7 1 3niliell 1B 6 d0RE! 'Piffthef, ANdAbAtNRl i GERT Defow tn Rthecald bF PATTS
mechanical fasteners for securing a cord within the sleeve, preferably the rigid or
semi-rigid - character of the sieeve results in-the fasteners being stably positioned

10 wnthoutmbstantmldeﬂecnoncausedbytenswnapphedtothecord o

- Formanyeonnecuvecords,mcludmgﬂexortendons,sevéredcordends -
maintained in abutting relationship will heal over time and gradually regain the {
pre-injury strength. In-accordance with the present invention, the splice 10 can be
formed of a rigid or semi-rigid bioabsorbable polymer. The ideal relationship of the

15 _mengthofthespheeasoomparedmthemengthofﬂwheahngcordmﬂluMedm
FIGURE 4. As represented by line 18, nmually(nme"O")theabumngseveredcord
ends will not inherently withstand tension whereas, 2s.represented by line 20, at t=0
the splice and cord connection will withstand the entire maximum force to which the -
cord would be subjected in normal use. The splice weakens as it is absorbed into the

20  body, as indicated by the downward slope of line 20. At the same time, the repair site
heals and strengthens. Ideally, at each stage of healing the combined strength of the
sphceandthehealmgeordlsatleastequaltothemmnmmfotcetowlnchthecordls
normally subjected: In the case of a flexor tendon, normal healing is completed by
abouttwelveweeks,uwhlchnmethetendonuselfmﬂwuhstandmmalfomesand

25  the splice is no longer required. An appropriate blend of bloabsoxbmg polymer, such
as polydioxanone (PDO), polyglycolic acid (PGA), polylactic: acid (PLA) or a
PGA/PLA copolymer, can be selected based on the healing characteristics of the
particular connective cord repaired-and the dimensional requirements for the splice in
order to achieve the desired strength and bioabsorbing properties. In addition, the

30 sleeve and/or the components securing it to the cord can be coated or impregnated
with an agent or agents to enhance healing or decrease adhesion or scar formation
such as hyaluronic .acid, angiogenic factors, growth factors and/or collagenase
inhibitors. Such agents can immediately diffuse into the body directly adjacent to the
repair, and/or be released over time as the sleeve is absorbed. . :

35 . Inthecaseofoonnecnveeordsthatmovealongorthmughadjacenttlsme, :
bone, etc., andparhwlaﬂymthecaseofﬂexortendonswhlchpassthrough_asenesof
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accordance w (PAAS an
Fl GURE | eepldis B R 0he of MPW%FW%@%@?QM
and conf or ned acgordingly, the Qalslofg cwpssnesation. In a representativecapplication s a
somewhat dlsagr%ﬂ&&mmw&qﬁvem phtmibr axid ifddior 8¢ and

FI GURE 16 asse het” congpaqnent,s qQf the,s I esent
i nventi on; mgl‘él o Q‘g‘ﬁ?ﬁg"‘ﬁﬁ twice the

di agrammatic, lhﬁglbbfthélniiﬂbrms 'l’heslei Ol' ﬁmlﬁllnhisubé fdﬂfo@ﬂt

R R o 68 i .

of a nodified IOGhbedsfoqus tbaabﬂéd ifurthendeqs; Lcenate onotherwise injure the cord ends.

FI GURE 22 I'OS o
t he present |nvent|on ?%QZS is.a CO responﬁ“ﬁqﬁﬁ&ﬂmgﬁ""
per spect i ve of %’ ga

posi tions; 25 flexor MFW‘;{ theaslb@ie 12c64n0bé tabuat OB40WL|’1W ment
of a Spl'ce 'ngrwerthmﬁmmmmcross-secnonaldimennon For smooth gliding, the shell
wall should be as thin as possible, about .025 inch to .029 inch in a representative
1S embodiment, and certainly much less than one-half the minor axis of the sleeve. The
ends of the sleeve can be chamfered to ease sliding of the sleeve,

In the embodiment illustrated in FIGURES 1, 2 and 3, the severed end
portions of the cord C are interconnected with the sleeve by pins 22 extending
between the top and bottom walls of the sleeve. Several pins are provided at each

20  side of the separation location L, preferably arranged in transversely extending rows.
To prevent application of localized forces when the cord is under tension, pins of each
row at each side of the separation location are staggered relative to the pins of an
adjacent row. Also, it is preferred that the pins be of small diameter, approximately
023 inch to .032inch in the representative embodiment, and at each side of the

25  separation location the pins should be spaced apart 4 distance at least as great as the
pin diameter. In the illustrated embodiment, the pins are provided in a 3-2-3
staggered configuration at each side.

Each pin 22 extends through aligned holes 24 and 26 in the top and bottom
sleeve walls, respectively. As described below, the pins 22 can be driven through the

30 aligned holes. Preferably, each pin has opposite end portions 28 of slightly reduced
diameter as compared to the central portion of the pin extending through the tendon,
such that narrow shoulders of the pins abut against the inner periphery of the shell to
maintain the pins in position. The outer ends of the pins preferably are substantially
flush with the outer periphery of the sleeve so that they will not snag or irritate

35  adjacent tissue.



accordance wth the present invention; FIGURE 25 is a top

per spect iy ot her ®&nbodi nent of a splice in acc Lth the
present mvﬁ h, and FIGURE 26 is a side elevation of tﬁé‘m’g&% lice of -
FI GURE 25; 30 FIGURE 27 is a.jgap perspective of another -
alternative formof a splice in accordance with the present

I nvention, and FI.GURE 28 is a side elevation of the splice. of FlI GURE
27, FIGURE 29 is a top perspective of another enbodi nent of a
splice in mm&@mmﬁ%mm Mwmmmma
somewhat dieaglj rm&tthe Rfdlerih bemea ép&hﬁ@ ncirU , and
FIGURE31|S a!! ngl gi zﬂw vert| tisctlono the |ce of FI GURE

PCT/ US95/ 1 obgedvation ports can be about RlSOhBli :ﬁ:d:mat ot thesﬁasmudiﬁanafceﬁm
ook 'VW§§93%2%§%§3§+% of ot gpRh 52t e B ™
todxﬁxsemtomdthreughtheshelltopromotc
healing. Similarly, asseeanIGUREQ thzmnerpenpheryoftheshellcanbe
provided with one or more V. grooves 34 to allow blood flow to the cord. The sizes
: ofpom33mdgom34mmtmal,meptthatmmstbeukenthatthe
10  additional ports and groove(s) do not unduly weaken the sleeve. -
‘With reference to FIGURE 5 and FIGURE 6; eachmeZeanbemoldedofa
autablepo!ymerwuhthereduceddmmetex'mdpomonszsfomngthemow, (
: outwardfamngmﬂarahouldm%formgagngagmnstthemmrpmph«yofthe
- sleeve adjacent to'the holes through the top and bottom sleeve walls. For ease of
15  insertion of the pins through the tendon, each pin can be formed with a sharpened tip
portion 38 projecting from one pin end portion 28. ‘A peripheral groove 40. can be
formed between the sharpenied tip portion 38 and the adjacent end portion 28 for ease
in cutting away the tip portion after insertion of the pin so that the remaining pin end
will be fiush with the outer periphery of the sleeve. Alternatively, the pin can be
- 20 -wukmduxﬁamlywmepmphudgmvemmmeuppMOnmbebmken
- off following insertion. =~
ThemodxﬁedmeZ'showanlGURE7andFIGUREstmbstamaﬂy
-identical to the pin 22 shown in FIGURES 5 and 6, except that pin 22" is provided
~ with a separate stainless steel sharpened tip 38' having a rear blind bore 42 for fitting
25 ona corresponding cylindrical stud 43 molded integrally with the remainder of pin 22'.
The stainless steel tip can be press fitted to or otherwise secured to the stud 43, such
as by a suitable adhesive. In other respects, the pin of FIGURES 7 and 8 is identical
tothepmprewouslydescnbed,mchdmgthepmphemlgoovembaweenthenp
and the adjacent end portion 28. -
30 o GURE9ilh|stratuseveralrepa|rcomponentsthatcanbeusedmsecunnga '
-spﬁceIOm.accordamewuhtheprmennononanmuredconnecWecord
Sleeve 12 can be embedded in-a ferrule consisting of a bottom half 44 and a top
half46. The two ferrule halves can be brought together so.as to enclose the
- peripheral wall of the sleeve. The ferrule halves can have mating registration pegs 48
35  and sockets 50 at the corners and meet at a central horizontal plane. - When brought
together, the ferrule halves define an interior cavity of approximately the same shape



wth partsin'different position; FIGURE 34 is a top
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perspective colbruighong ough the
opposite observation port for drawing the second end into the sleeve. As described
15  briefly above, one or the other or both of the severed tendon end portions can be
compressed prior to insertion. The compressed ends tend to maintain smaller
diameter when the compression force is withdrawn for a long enough period of time
that they can be inserted more easily into the sleeve.
Nevertheless, the cord end may have a tendency to catch on the exposed pin
20 holes 24 or 26 of the sleeve. This problem can be alleviated by use of detachable
plates 58 having cylindrical plugs 60 for filling the pin holes. The plugs are of a length
80 as to extend through the ferrule holes 56 and the aligned sleeve holes 24 or 26,
with the inner ends 62 of the plugs lying flush with the inner periphery of the shell
when the plugs have been fully inserted.
25 Preferably, one severed end portion of the cord is positioned in the splice shell
and secured in position prior to insertion of:‘the other severed end portion.
FIGURE 10 illustrates the positions of the parts with one severed end portion of the
cord C (the end portion at the left) inserted into the ferrule-sleeve assembly.
Thereafter, the plates 58 and plugs 60 are removed. Next, a cartridge 64 containing
30 all eight pins for that side can be fitted on the top ferrule half 46, as shown in
FIGURE 11. The top ferrule half and pin cartridge can have mating pegs and
sockets 66 and 68 to temporarily retain the cartridge in position with the captured
pins 22 or 22 in alignment with the ferrule and sleeve pin holes.
With reference to FIGURE 12, all of the pins retained in the cartridge can be
35  driven through the tendon simultaneously. This can be achieved by a tool having top
and bottom jaws 72 and 74. The bottom jaw 74 forms a platen beneath the bottom
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assenbl ed,; FIGURE 48 is a top perspective of another formof a

splice in_accordance with the present invention with parts partially
assenbl edWOHy16612 FI GURES 49 and 50 are correspondi nd’pqrﬁ? ectives.
of a repair systemin accordance th the present invention,

il lustrating an al ernative way of secuHMn splice to a damaged
connective cord; FIGURE 51 is a top perspective of another

enbodi ment of a splice in accordance with the present invention,

with some [femnile halfidd\nAlternatively) cthel baftom! jawesf: ﬂibﬁiﬁopcaﬂ'%ﬁgf*@’iﬁgé %ri s a
{ragmentar wg@%@%@m&naé hﬁfie&i.ade.thytiﬁ'%mm TS upper jew 72 O
PCT/ US95/ 1355@ownward projecting - pusher rods 76 in alignment: with the' eartndgebores m

FI GURE 53 i o f

accordance hflﬁﬁp egggté *ﬁygn |o% aanﬁ%%@%sﬁim# ary

si de m - to the position indicated @ FIGURE12 a t op.
per Spect | Vén whmmbmawmmmwd&ostﬁm Bluéty'witk B ubper periphery of

thesphcesleeve,mdthesharpenedends%ofthepmspro;ectdownwudbelowme
bottompenpheryofthesleeve —
'FIGURES 13 and- 14 show the relatwe posmans ofthe parts after the
10 clmnpmgtoo]andpmcalmdgehavebeenremoved Thebottomfermlehalf44
pre&rablyhasatransvmeslowl thatpassesmmedmtelybeneaththebottom
periphery of the splice sléeve 12. A scalpel S or other cutting biade can be thrust (
throughtheslotSlto_severthesbarpenedends380r38_'ﬁ'omthebod|esofthe '
pins 22 or 22'. Thereafter; the process is repeated for the other severed end portion of
15 theoordbqngrepured,whereuponthefemnehalvescanbeseparatedandremovedi
andtherepa:rlscomplete. T
' Prefuably,thesharpenedendporhons%or%‘ofthepmsaremﬁcnenﬂy
short that they will not protrude beyond the bottom ferrule half. . However, if longer
sharpened ends are used, a catch plate 78 can be attached below the bottom ferrule
20 3hal£aﬁerthephgsmremwed,thhreeepucle380(seeFlGURB9)forme1vmg
* the projecting parts of the sharpened ends of the pins.. o
WithreferencetoFIGURESlsthrougth msteadofpb:ggmgtheholesof
the sleeve to facilitate insertion of the cord ends, the interior of the ferruled sleeve can
be lined with thin sheets 82 and 84 of a strong foil. - Again, for ease of illustration and
25 description, the dimensions are ‘exaggerated;. particularly the thicknesses of the foil
© sheets. Thefoﬂsheetsmcludeoutersheetsmﬁttedmmdethespheesleeveandmner
sheetsuﬁttedmbmnmllycomgupuslyagmstthemsheets. Each outer sheet
has a central aperture 86 that registers with the observation ports of the sleeve at the
top and bottom. The outer sheets 82 also have larger generally rectangular cutouts 88
30  which expose the pin holes at one end of the sleeve. The inner sheets:84 have central
 apertures 90 which also align with the sleeve observation ports. Otherwise, the inner
foil sheets 84 are generally rectangular and slightly narrower than the outer sheets 82,
but of a width sufficient to cover the rectangular cutouts 88 of the outer foil sheets.
"As seen in FIGURES 16 and 17, the outer sheets 82 are bent to conform to
35 theshapeofthepassagermngthmughthcsphoesleeve12andthefemxle44 46 in
which the sleeve is received. Themnersbeetsuheﬂatmthehonzontalbottomand



5 accordance with the present invention, nanely, a coating for a splice
or repair, woos6612 FIGURE 56 is a diagrammatic perspecti pgrRisoshssqpai r

systemin accordance with the present invention as used for connecting
a damaged connective cord to a bone;-13- FIGURE 57 is a
perspective corresponding to FIGURE 56 but illustrating a 10 specific

repair systemin accordance wth the present i nvent i on for connecting a
damaged connective cord to a bone; RE_58 is a pespective

cor r espondi ng top 6f thealgereandcferrle. MWM&“W s havenarcown,end t3bs 92 paj r
systemin accwwtd&mwm%ﬁmeweﬂnﬁn mhcarbsve&tl ng

a damaged connecti.ve cord to a _bone; €V Q, |
per spective of Sulfa sqdﬁﬁ'fﬁ) t""&sﬂ %%ﬁ. M@Mﬂln
accordance wi tdssenibledowithdhe femﬂsdeevammta(ﬂmm 17), the inner Fendi JOF alb @in holes
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with the presen ion
t he Preferred bottoRkhodi nent 20 The splice of the present

Inventlton Its used fmwmﬂmaseﬂﬁmmﬁﬂdmd fti&tﬁr@‘é&xbeshdd
connective tissue (!connecti ar aments a ons.
One enbodi mntwdt&h@“gﬁmgy%ww%e MQ’F}
conjunction  viewing throogle drenetmesvatior: porfale, Emmmeﬂdpﬂﬁm ,of the
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and splice cormfsmdhe Srst severod-andmostionis pasitiored s desireds theinner foil strips 84 apg
i[lustration gesoW&s folPtleCferrule-sleeve unit, in tHd)Sarké 'Mﬂcﬁﬁpwm

The interior dqortienotshspion el Thedbliests oun bedctached ox tora away rom
the opposite end of the ferrule. The pin holes aligned with the captured cord end

15  portion then are exposed through the rectangular ciitouts of the outer foil sheets 82,
and the pins 22 or 22' at that end can be driven thrdugh the first severed end portion
of the cord to secure it in position. Thereafter, as seen in FIGURE 20, the second
tendon end portion can be inserted from the opposite direction, followed by removal
of the outer foil sheets 82. The outer sheets are slid out of the ferrule-sieeve unit in

20  the same direction as the inner sheets, opposite the direction of insertion of the second
cord end portion. The second cord end portion then can be secured by insertion of
the pins 22 or 22' at that end of the ferrule-sleeve unit. Finally, the sharpened tips 38
or 38' of the pins are cut or broken off, and the ferrule halves are separated and
removed.

25 In the modification shown in FIGURE 21 (on the drawing sheet with
FIGURES 15-17), a single foil strip 94 is used atthe top and bottom of the siceve,
rather than overlapping strips. Each strip 94 has a central observation port 96 to align
with the corresponding ports of the sleeve and ferrule. Narrow, transversely
extending slots 98 extend inward from the opposite side edges of each strip 94,

30 leaving small joining sections 99. The splice sleeve is lined with two such strips to
obscure the pin holes. When one cord end has beén inserted into the sleeve, the strip
parts at that end are pulled to separate the strips at their centers by breaking the
joining sections 99, and to expose the pin holes at that end. The other end portions of
the strips remain in position obscuring the pin holes at the other end of the sleeve.

35  The first cord end is secured to the sleeve as desciibed above, whereupon the second
cord end is inserted from the opposite end of the sleeve between the remaining parts



section fromone end 14 to the other end 16, sized to snugly receive the
sever ed %ﬁi}‘}‘ portions of the cord. The separation | ocgéyy gﬁh

Situated m 2bet ween t he sl eeve ends. I n accordance wt ﬁ%e
present invention, the cord end portiggs are secured wi thin the sleeve
so as to maintain the separated ends in abutting relationship to

pronote healing. In addition, the severed end portions are interconncted-
with the sl.eeve for substantlally uni formdistribution of force across

the cord. ofthefailstips, Sichperts argthen semioved, apd thesegond gasd gad isrmecured te even

before anyihgglaevelg has ocurred, thereby . . enabling normal functioning
of the repaired,card |mred at el Ve or on after he 1 epai WO
96/ 16612 d‘l‘ with'a pro% af ti:eappro:nmate _

PCT/ US95/ 1dibiefisions given above, but with larger du.meter pin hola and pms (appro:nﬂmtely
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di mensi onswﬁﬁﬁdiw ﬁﬁb‘eﬁ’wm‘é@'@s néxtendon ha vmsmess-mhnt ially -
as normal &8 appro nieﬁdwtamemh Wﬁer%
: co transmtted

?ﬁnggEa{W émvggsta - u %ﬂﬂgl IM&F@ abl e for
t he severemndnnjmd]jomm“eﬁttedmthesphm Mﬂiﬁe\mmml ntain
the abil ti 4. " Th8'splict> lbdve W fohfied 6P3' Rilikdide Folymer, nonbioabsorbable but
similar in physical properties to bioabsorbable polydioxanone. One free end of the
spliced tendon was clamped to a. stationary block. The remaining free end was (
clamped to a low friction slide which, in turn, was secured t0.a cable. The cable was
~ suspended over a single pulley and different weights then were secured to the hanging
15  cable end to applydifferent tensile loads to the spliced tendon. . - : :
: Thesphcedtendonremmedmplacentatenmleloadof%9Newtons(478
hlogramsofvuhedload)for“secondsatwhchumethetemngmmnotthe
splice, failed. Thesphce,wlththemdonandpmsmplaee,wasremovedﬁ-omthe
testing structure and examined. No evidence of failure was seen. The cut.tendon
20 endsremmncdmsiblyopposedwnhmtheobmauonpomls,wuhmmdemeof-
separahonorgappmgattherepmslte lneontrast,slmilartestmgwasperformed
using flexor tendons "repaired” by suturing. Themrerepwsxteslmwedsagnsof
visible gapping upon application of 16.7 Newtons to 21.6 Newtons (1.70 to 2.20
kilograms of vertical load). ' The sutured repair failed immediately when tensile load
25  was increased to 24.5 Newtons (2.50 kilograms of vertical load). o .
After repeat testing, some splitting of the tendon fibers adjacent to the
- connection pins was seen at higher forces. . Consequently,ttnsprefexredthatthe
numberofpmsbemcreasedandthatthepmdiameterbedecreasedtoabout .023 inch
to .025 inch for a more uniform application of force throughout the repair site. . The
30  surprisingly strong forces that can be withstood without substantial separation of the.
 abutting severed ends indicates that the splice can be used. for connective cords
su'essedathlghetloadsthanthosenormallyapphedtoﬂexortendons o
. In the embodiment shown in FIGURES 22 and 23, themodlﬁedsleeveloo
has a long integral hinge joint 102. along one side. . The sleeve can be opened in
35  clamshell fashion to.the position shown in FIGURE 22 for reception of the severed
end portions of the cord. Thereafter the sleeve can be closed to the condition shown




applied to the cord. Further, as described in nore detail below, in the
case of M%hcal fasteners for securing a cord w thin gdey #g
preferably th sem -rigid character of the sleeve results in
the fasteners being stably positioned 10 .j4i thout substantial deflection

caused by tension applied to the cord. For many connective
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and/ or the conrelationships of the rsgvered tends haf theocordGn abd preferably dhe itranswegseat ed
cross-sectional shape is not altered substantially, It is most important that the sleeve
be able to bend or flex in the direction of its minor uxis, i.e., up and down as viewed in
FIGURE 24. The pattern of openings 112 can be selected to allow greater flexibility
20 of the sleeve in that direction while minimizing longitudinal deflection. As for the
previously described embodiments, the cord ends can be secured in the sleeve by
pins 22 extending through aligned holes 24 in the top and bottom surfaces of the
sleeve.

FIGURES 25 and 26 illustrate another embodiment of a sleeve in accordance

25 with the present invention designed to flex in the direction of the minor axis. The
unitary sleeve 120 is formed with transversely #xtending slots 122 at the top and
bottom. There still remains a continuous longitudinally extending rib 124 at each side.
Tension applied to the cord still is transmitted- through the sleeve lengthwise, but
increased bending or flexing of the sleeve in the direction indicated by the arrows 126

30 in FIGURE 26 is permitted.

Sleeve 120 of FIGURES 25 and 26 can be connected to cord ends to be
repaired by pins as for the previously described embodiments. An alternative is to
suture the rigid or semi-rigid sleeve to the cord ends, such as through holes 24'. If
suture is used, it is important that the sleeve be 1igid enough that the suture can be

35 tightened substantially. The tensioned sections of suture extending between opposite
walls of the sleeve act substantially the same as rigid pins.
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promote flexing of the sleeve in the direction of its minor axis. In addition, rather than
MNug:wwuuc;mutkwumﬂuwmﬁlﬂuadaum,ﬂu:ﬂuwexsﬁxnwd\mﬂnumqyd
straight pins 148 extending upward from the bottom' section 146, in alignment with

the slots 122 of the top section.. Thetopsecnonlulsfomedwnhnuegralpmslso

- which_ are curved -approximately concentric with the . axis of the hinge joint 142.

20

Pum1501ne&mﬂﬂyan:ﬂuywdeﬂlﬂwlﬁus122|nthcbouon|uxnmnofﬂmsdamm
lhtuqthaawaedumkcfﬂhsandtlueﬁMzdnzﬁnluuumnuRMonofﬂwsmxwg
over the vertical pins 148. The top portion of the sleeve is closed, thereby puncturing
the cord ends and-further securing them by the curved pins 150. - If pins 150 were

. straight, the collagen fibers would tend to be torn as the straight pins were rotated

25

30

about axis 142. Bywmngthepmsappro:nmatelyconcenmcaboutthehmgejouu, a
less damaging puncture of the cord is obtained. Thereafter, the projecting end
pnﬂumsofﬂwpmmcanbeaﬂﬂhﬂrwﬂhﬂweﬂumxcfﬂmskan:Thedunmcanbe
hduintheckmedpoﬁﬁonbycmmgsupks,ormnunu,ﬁwexmmphr

~ Another clamshell embodiment - of .the Ppresent inveation is - shown in
FIGURES 32 and 33. Sleeve 160 has a bottom sectlon162 with an array of rigid
puml64pmmummgyuhaﬂyupwmﬂthudhmm Two side-by-side top sections 166
are provided, joined to the bottom section 162 by integral hinge joints 168. The two
top or "lid" sections 166 are spaced apart at the center of the sleeve. With the lids
open, as illustrated in FIGURE 32, the cord end portions and sleeve are moved

. 1ehﬁveu>aumcﬂurﬁnphmdngﬂunxwdendpoﬂkmsamdnaﬁmmgﬂmnninpoﬁﬁom
- with the cord ends abutting at approximately the center of the sleeve. Thereafter, the

35

lids.166 can be closed. The fids have lock tabs 170 that fit over projections 172 along
the adjacent edge of the bottom section of the sieeve. - Pins 164 project through
holes 176 in the top sections. When the lid sections have been closed, the projecting

-



10 The sleeve also can be short enough to allow for bending of the flexor
t endon t hr ougiyegriesrz t he pull ey systemof the hand. In a reprPCHUSYSI5550

embodi ment as used for repairing a . fl exor tendon, the length of the
sl eeve 12 can be about 0.340 inch, substali-ially greater than the
maxi mum cr oss-sectional di nension. For snooth gliding, the shell wal |

shoul d be as thin as possible,~ about .025 inch to .029 inch in a

i hor - axi o of eBfocioBa gf te s el o & gh Hish Y S0t 0 e PRI T

ease sliding dhe pine aré provdded in transversely exttendirige raws) ovithrthe: pins |of seach trow n
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and bot t om walspased fropythe sd Jempms GF&F‘OBﬁ‘trPﬂ rt@'bl%ﬁ? the-djameter.of #.pin si de
of the sepgration I[ané iadfitibnal Rilahshelk mbodinicat GF dhé Présedimvertion! th,ndl ng

ndier tensi on FIGPRE S, ookl 60 has™Y 1o, s L ined 3o 3 ol deian 184 by an

| ocati on are dntegratbhiage joidtd86\at one sidec Straight dftegnal pins 188 pd;]entelpWard)ﬁomAl so,

nch 16 032 1o Soifhn peifof 18 rsenfﬂ{’. ??%MM%%@* foas (o

25 separati oﬁthe)manmtmm é@bmma Bing 190 formta
| east as gpeairafsverddCrow Qﬂ'ﬁﬁxﬁ’lsﬂ N Alihink e shadp@idd PO Bui RRY! |

tSIhgepl ns are prQvi d&g !I n ﬁ www@m@gersd !conghguratmn . at ;aclhn

the top and bahé splice 1sclosedl mlcanbemmned/mlt}le clised] positior byl hbeked\,

:)Ihﬁ Eggsog;z)og%d portlons %&Eﬁ%ﬂ y regﬁg%%lﬁt“g ?og%sy%?;each

conpared to t o freq edgerportion offthe bettom section.c Wi

T e el 22 St o it )

pi ns pref erabl@’%’%ﬂé@é b&?\‘%ﬁ‘em% 82 %id cad'be formed'in scparate P‘“"‘“‘q’
that one severed end portion of a cord could be fixed in place and have the
corresponding top section or lid closed, followed by securing the other severed cord
end portion in position.

20 In the embodiment shown in FIGURES 35-38, the modified splice 200 in
accordance with the present invention has separate top and bottom sections 202
and 204, respectively. The bottom section has straight rigid pins 206 projecting
upward therefrom in alignment with transverse slots 208 through the top section.
Similarly, the top section 202 has pins 210 projecting downward in alignment with

25 transverse slots 212 of the bottom section. When the top and bottom sections are
brought together, the free end portions of the pins fit in the siots of the other section,
as best seen in FIGURE 37. This helps to assure that the pins are held firmly in a
vertical position without deflecting. The projecting sharpened tips of the pins can be
cut flush with the periphery of the sleeve.

30 In addition, the bottom section has an uundercut shoulder 214 extending
lengthwise along its upper edge portions, to mate with a corresponding lip 216 of the
top section. The lip 216 interfits with the undercut shoulder portion as best seen in
FIGURE 38 for holding the top and bottom sections togethex after the severed cord
ends have been secured in position.

35 Alternatively, as seen in FIGURE 39 and FIGURE 40, the top and bottom
sections 202 and 204 can be held together by a spring clip 217 having hooked end



flush with the outer periphery of the sleeve so that they wll not snag or

irritate jacent tissue. WD 96/ 16612
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The top and bottomwal s of the sleevelg. have aligned observation ports 30
| ar ge enough that the cord ends nmay be viewed so that the separation
| ocation L can be pr eci sely positioned at the center of the sleeve.

In the representative enbodi nen ~ observation ports can be about . 050

inch in di M 218 ﬂmmmnﬁﬁlmm%mmt Brefershly; then port s

32 we proviydge! ﬁ'ﬂuﬁx 'dﬂfaﬂ@ﬂ%&sﬁ”ﬁr i

pur pose of pé€ tin Nnovl se nto. an throug the shell
" to prom)te“?!”"{H K?" q?@b?f‘ﬂﬁdmtﬁmmﬂ@
peri phery ofthesplichel | can. be provi ded wit.h one or nore V grooves 34

are not Scri ??Saffhg‘@%%ﬁpﬁ‘ﬁ%“{ WW&%aﬁﬁh%#%Mn%a&s?%ﬁaﬁf‘
po][ts and deseribed onasmml}lméh ingegral pins 206' can be used)V t h
%Elr ?%@ngep'wd%;%ﬁot he.redy c] ﬁﬂﬁger end. ﬂghg\mﬂgiﬁﬁﬁ“ahe =
forcemoreumfornﬂythroughthemofthecofdheldmthesphce
10 " As seen in FIGURE 42, another alternative is -for the pins 226 from one
section to be received in cylindrical sockets 228 formed integrally with the opposing

section. Sockets 228 can be formed with sharpened tips. ‘The cylindrical sockets 228 (

hdptongudnfythepmsZZﬁandpreventthemﬂ‘omdeﬂechngwhenloadmapphedto
thecord. - :

15 WithreferencetoFlGURE43 pmsﬁ'omonesectnoncanbefomedas
cyhndncdbosses230hawngshamenedupsz32deslgnedmpassthrwghsmallhdes
in the opposing section. The tip portion.of each pin can have a neck 234 of reduced
diameter which engages in the. corresponding hole to achieve a snap fit connect_ion.' '
Thépeﬁphuyoftheoppoﬁngsecﬁoncanhaveadepreésibnzmmchthﬂthe

20 sharpened tip 232 ofthepmdoesnotprojectbeyondthemuermostmchesofthe
periphery of the opposing section. -

AnotheralternatlvelsillumatedelGUREM and FIGURE 45.  Pins 238
ﬁommsechon_mappmmatelysemmlarmcross section. - Pins 239 from the
other section also are substantially semicircular in cross section and abut with pins 238

25 - along a diametrical plane. Each pin braces the other against longitudinal deflection.

* FIGURES 46 and 47 illustrate another two-part sléeve 240 in accordance with
the present invention. Such a sleeve consists of identical unitary collars 242 each
adapted for being secured to'one end portion of a severed cord. ‘Each collar can be
secured to its respective severed end portion by-suture, rigid pins, or any other

30 effective manner for transmitting force from the cord through the collar. Each coliar

" has a tongue 244 at one side, in line withi a tunnel 246 through a boss 248 of the other
collar. Inuse,thecordendporﬁonsaremndvﬁthinﬂleiirespecﬁveconargand
thetwocoﬂarsarebmughttogethermchthatthemngueswarerecavedmthe
tunnels 246. The tongues can have ratchet teeth250 for engaging an integral

35 pawl 252 of the tunnel, to hold the pieces together in the condition illustrated in

A



outward facing annul ar shoul ders 36 for engagi ng agai nst the inner

peri phery ofwdb@i6612 sl eeve adjacent to the hol es through tpeanisegsasg
Pottom sl eeve wal |l s. For ease of 15 insertion of the pins through the

tendon, each pin can be formed with a she9pened tip portion 38
projecting fromone pin end portion 28. A peripheral groove 40 can be
formed between the sharpened tip portion 38 and the adjacent end portion 28

for ease ' tijng a ne tip portjon,affer ingertion oftthin SO
that the rensFIFUBEAT, i mieh Sonditge, 1B gEversd szt fhe cred 6Lalei, ek tepmiehy

of the sl eeveappkbdmﬁalnondabmnsdnaed)thnm@nhbeoﬁﬂmtewmd SUffICI ently by
the peri pheral gr opye 0 of f

foll owi ngs ingertion, mm{?ﬁ Bmgapﬁsnﬂ??” ME 7
and FlI GURE 8 NMMHGHREI}% and 47, de thatseparate cdﬂarspsm &2 seoured torthe

FI GURES 5 sand,&aegx&ﬁ@t h wm? %i@d@ Qﬂ#ﬁ

st ai nl ess steel shar enH Méﬂ g ds;bar?grﬂ?ﬁ?qo:’% 59%@[439 % #?I ng
25 on a cor?

remai nder of W&smzszatﬁhﬁo;sm bottois. Flexible ling)of fail ﬁmbérﬁaﬁﬁﬂeh&d to

t her wi 3yt bI dpe
'h ot hor - r eopiahdSoafes 28, Rt piebg iendl idies i the hendi 2P B e’ Sute gl o
pr Sv![ (ﬁgs% geéﬁﬂ%MMOMMMmMmmemahégfal
an C&tilars! Q,l')ge@lg, anPh QBEOQ @EE:E @g
ctor dancer vidttom o e &8 %mﬁm:ls:é;w r?g@ammm;im ﬁﬁ
accordance
Sl eeve 12 cam@oﬁmmmmafmmmwmzmwwbmmmwme and a

encl ose t hQa'W’"W i B B B 08 bRl 131 oo can

have mating regi st god 450 dlgstraterag altemiative vy of sechring seveeeds endhd

meet at scengdribng 6F 4 §&°F"‘W Pnasﬁrﬁ

ferrul e hal ves defi ned g&rg:f%toegl or gé‘?/lwg appr OXi qﬁ“eﬂgarre gﬁépe
splice encircles desnreg staggered array of

boles 262 in its top and bottom. Aﬁermsernonofthecordends,holesarepunched
through the cord in alignment with the holes 262. With reference to FIGURE 50, a
mold 264 is fitted over the sleeve. A quantity of settable plastic 266 is injected into
20  the mold for flowing through the holes punched in the cord ends, After the plastic
material has set, the mold is removed, and the plastic material is trimmed flush with
the periphery of the sieeve 260.
The embodiment of the present invention illustrated in FIGURES 51 and 52
uses a composite sleeve:270 having two separate end collars 272 and 274 spaced
25  apart by a center collar 276. The adjacent ends of adjacent collars can have matching
undulating edges 278 including, for example; central humps or nose portions 280 on
collars 272 and 276 received in central depressions. or valleys 282 of collars 276
and 274, respectively. The separate collars are connected together by links 284 which
permit limited resilient flexing of the collars relative to each other, particularly in the
30  direction of the minor axis of the composite sleeve. The inner periphery of the sleeve
preferably is smooth with no internal projections which would hinder fitting of the
collars on the severed end portions of a damaged connective cord.
Links 284 can be formed integrally with connection pins 286 that project
perpendicularly downward therefrom. Holes 288 are provided in the tops and
35 bottoms of adjacent collars, with recesses 290 at the top sized to receive the links.
‘When the pins are inserted downward through a cord, the tops of the links lie flush
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the outer WOSSHERIZy of the sleeve 12, with flared ent r ance P 15550, .

opposi te ends | eading into the inggrior ofthe sleeve. The conposite.
ferrul e has observation ports 54 regi stered with the observation
ports of the sleeve, and through holes 56 registered with the sl eeve
pin holes 24 and 26. .5 ~ Wth reference to FIGURE 10, the flared
ent rances SMtlehanﬁndertdfehdpdrpheryofthecoglposl&sleweameﬁ‘heibauﬂnpndsofon of a

LB 18 AR AR e o i B b

end portion n be co o L nsertion, prefera I

cl anpi ng toamwmheénleam iy the| Bottoms susaces-of, the icollary Mmmw 9for ce
throughout the shdrpéhedlitips W¥tid Btén @an bBuf BffY A Kast [#hé U rﬁaibpdﬁ may be

enpl oyed for_Jjnsert d to.t I I
Suture cdn BEGEC Iasﬁ?%m Thge hssvpiy Borts 354 Jor Sievine. foe” o 5] cove,
ei t her by pqmmmgdeﬂmMageécmﬂuenssntemhe;gﬁhutpnonpmﬁonofthepmsend of t he

sl eeve or throug ?’W ﬂe@'ﬁ{égbgf% mspassed
t hrough one observati on por ac to e _secan en portlon ’and

t hr ough t he such as colipes ﬂeﬂ@t?gér\ﬂaﬁcah dimengipne rmwgetme collers apaling i nto
the sl eeve. sﬁﬁhﬂ%ﬁ%&hﬁh&Qomhlblttheﬂe:nngmovementofonecollarrelatwetoanother In

10 - addition, the bridging portions of the links can have weakemng grooves 294 which
assist in permitting the flexing movement, preferably without introducing a tenidency
 of the finks to expand or contract lengthwise. For example; it still is preferred that the (
length of the composite sleeve 270 not increase or decrease substantially due to forces ' '
applied to the repaired cord. In addltmn, limited sndeways fiexing of the sleeve (in the
15  direction of the major cross-sectlonal axls) can. be penmtted by tapermg the
' depressions 290. '

The embodiment illustrated in FIGURES 53 and 54, similar to the embodiment

shown in FIGURES 50 and 51, uses a multi-part composite sleeve 300 including end
'~ collars 302 and 304 spaced apart by a middle collar 306. ‘As for the embodiment of
20 FIGURE 51 and FIGURE 52, the collars have identical cross sections and are aligned
lengthwise of the centerline of the  sleeve. - . Separate -pins. can be provided for
extending through registered holes in the tops and bottoms for securing the collars to
the damaged cord to be repaired. In the embodiment illustrated in FIGURES 53
and 54, three rigid pins 308 are provided for each of the two end collars 302 and 304,
25 joined at the top by flush bridging portions 310. The middle section has two pairs of
pins 312, each’ pair forming a transversely extending row with its pins staggered
relative to thie pins of the end:collars. The pins of each pair.can be connected by a
fiush bridging portion 314. The pairs of pins 312 are arranged at opposite sides of the
center of the sleeve such that each pair- penetrates a different severed end portion of

30 the damaged cord. :

To allow flexing of the sleeve in the dxrecnon of its minor axis, connectmg
links 316 are provided at each side. One end of each link is pivotally connected to an
end collar, and the other.end of each link 316 is pivoted to the center collar 306. As
seen in FIGURE 54, the links are received in tapered recesses 318 which allow limited

.35  swinging of the links relative to the collars to which they are connected. The pivotal



15 briefly above, one or the other or both of the severed tendon end

portions ca conpressed prior to insertion. The co fUs6%h sS85 S
S fenestzs | o

t'end to nai di anet er when the conpression force IS

wi thdrawn for a | ong enough period of ti.pg that they can be inserted
nore easily into the sl eeve. Nevert hel ess, the cord end may
have a tendency to catch on the exposed pin 20 holes 24 or 26 of the

sl eeve. This problemcan be, all ev1 ated by use, of detachabl e Hag ates 58

havi ng cyl i n¢onaestion cake alieved by mward, grojecting buttons|of the links being tedyf o

| engt h ﬁmpbgd‘ﬁghaggogmém t he ferrul e holes 56 and the al i gned
sl eeve hol es 24 or h the |nner nds of th lugs | vying
Mﬁg been

flush with the |nr%srnwm'r Ve cor BSH
fully insert adlati®to surrounding tii!uef preﬁrh‘t;lythumtetesmfaedo’éadlqemhl mconhn@e

cordis p Si 4 “Eﬁeﬁ W %st ﬁﬂ.ppl’l or
to |nsert|90n opp?‘%éi gﬁvgtgivgf(g % n’aggi % 510 I ‘1us ates -
t he p05|t|on§mpth futep petiphegy. t ﬁ)nsrmet isrte slm%mm@ooth outelcord C
| (Tth he e]pd porth i 3-fohes{§af é%vehﬂéﬂ@%'betd)sdtﬁmef%lﬁg&ﬁaﬂ %euvly
Co s 20 BB SRR R el o A R b e He
ferrul e hal f Piéferably, sllmmtng covers at mmdrlmafgmltpmud:eofdoh doxd fend@d pi n
cartri dgei ca} &g& r@g and sockets 66 and 68 to tenporarily
r

retain the c np05|t|on with the captured pins 22 or 22' in
alignment with th ﬂbrfﬁfsmcﬁﬁmwii ppmmesee connective cord C, sughtas an

reference to AGICUR tdatclodk to Bhe bMeBbﬁv&sB £ Whick & shaurafbe sw;iéd:ﬂe&e&am be 35
ﬂ;{/:/ﬁg E h)lroou t'he t engon ? g@:l t %negﬁa‘%/c lJhl S, can ‘E?ﬁ1 ac\ﬁi eved 3% t ool
pl at en beneqirbvibdﬂy Oesttibed (generically designated as "S" in FIGURE 56), whxch sleeve is
' 15  secured to bone B at the opposite end from which the cord extends. For example, the
sleeve can be provided with mounting ears 380 having holes 382 for bone screws 384.
If there is a short ligamentous stump C' remaining connected to the bone B, preferably
such short stump is left attached to the bone to promote healing with the longer
captured end of the cord. The cord can be secured within the sleeve by pins, tight
20  sutures, or any other effective attachment mechanism, but preferably the sleeve still is
rigid or semi-rigid such that tension applied to the cord is transferred through the
sleeve to the bone.
For example, in the embodiment illustrated in FIGURE 57, the sleeve 390 is
sized to receive an anterior cruciate ligament A and has four rows of holes 392
25  arranged in a staggered 3-2-3-2 configuration, such holes being provided in opposite
sides of the sleeve. Pins of the type described above are inserted through the
registered holes to secure the ligament in the sleeve. Tensional forces applied to the
ligament are transferred through the sleeve, substantially uniformly throughout the
cross section of the ligament, and to the bone by way of the connecting ears 380 and
30 bone screws 384.
Similarly, the embodiment illustrated in FIGURE 58 uses a sleeve 300" of the
type described with reference to FIGURES 53 and 54. However, one end collar 302'
of the sleeve is provided with attachment ears 380 having holes for bone screws 384.
The anterior cruciate ligament A has its severed end portion fitted through all three
35  collars,if little or no stump remains attached to the béne, to be secured therein by the
pins arranged in the 3-2-2 configuration of collars 304' and 306". Links 316" at the
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ferrule h;‘???% A?ternatlvely, the bottom jaw of the tool ggﬁ”@%ﬁ%’é’e"a

| edge or proj ection of the bottomZerrule half to hold it stably in
position The upper jaw 72 - has downward projecting pusher rods 76 in
alignment with the cartridge bores in whi ch the pins 22 or 22 '

reside. Bringin he.two jaws to ether has the effect of 5
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end porti onlimited Swinging move:ne;umghe dipecition cbf theigminorpaxis ofiche deevel elfhal ves
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302"

| Ineaehmstance rttsdestredthatthedamagedendportronoftheeordbe B |
stably positioned relative.to:the bone and/or any remaining llgament matenal for a
penodoftxmesuﬁerenttopenmtheahngtooecur I
15 Addmmal testmg was - conducted 1o determme representatlve forces. .

used with an ACL The ACL consists of multtple bundles_, In one test, a single
bundle was used, and in two- addrttonal tests, full ligaments were used. For each test a
- ligament and its long attachments were harvested from a fresh frozen cadaver. The
20  ligaments were severed close to the femur, but at the opposite end a tibial plug T was
cut ‘such that the tibial -stump of the ligament. remained attached to bone (see
FIGURE 59). The plug was secured in a ringR. The severed end portion of the
ligament was inse'rted“into a testing frame of the. type.shown in FIGURE 59. Such
frame has a top. plate 400 and a bottom: plate 402 .connected together with an
25 - intervening spacer 404. Intermediate srdeplates 406 were secured at the end of the
testing frame opposite the spacer. A cord receiving | reeess was thereby formed at one

- end of the testing frame, of appro:nmately square cross section, about .32" x .32".
“The top plate and bottom. plate had aligned pin holes 410, each about 0.047"
in diameter. The holes were provided in four transversely extendmg rowsina 2-3-2-3
30 configuration. Pins within each row were spaced about .08" apart, and the rows were
spaced such that their centerlines were about .08", apart. In addition, the sideplates
were provided with. registered columns- of holes 412, of the same diameter as
-holes 410 each columnhaving four holes spaced 08" 'apart The vertxcal columns
- were aligned, respectively, with the second -and fourth horizontal Tows, ie., the

35 horizontal rows conta:mng three holes. . '




and the repair is conplete Preferably, the sharpened end
portions 38 f the pins are sufficiently short t oGkssy | |
not protrudea[)eyon the bottomferrule half. However, if Ionggre'imrs

shar pened ends are used, a catch plate 7823an be attached bel ow the bottom
ferrule 20 half, after the plugs are renoved, with receptacl ess 80 (see
FI GURE 9) for receiving the projecting parts of the sharpened ends
of t he pi ns. W th: referepnce to Fl GURES~<15 through 17, instead
of plugging the h&h asfirse test, the single ACE dwndleapproximatelyt 4mm, 8 diameter, oyast he
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i nner sheets 84 h!ﬂ/g‘ ect)é' §f{h cokd p“é g?cf'lﬁhg§ %5 B fpparptus, u q%Z@ﬁ t he
seeve obser valNewtonsdd® pouridsher wi se, the i nner . foil sheets 84 are

gener al | y;4 ect ang%@;séébﬂd%ﬁt,wﬁﬁlyA held Uskd, | W? ﬁ'ﬁ{ou‘? ég 8%'"%

but of a wdth suf cient to cqover the rectan

outer foil shBB‘F§ cordwaspmned n the testing apparatusbritwo Rins-in eachyof the
sEeet Sh8t2hea; e sl eev?%ﬁmdtﬁuﬁgr?wg]m | e 4 Qﬁﬁbw filg DY
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and of 150 Newtons (33 pounds) was reached at 3 mm displacement. At 200 Newtons
15 (44 pounds) the tibial plug fractured through cancellous bone with the ligament still
held fast in the testing apparatus.

A third test using a full ACL approximately 9mm in diameter was conducted,
this time pinned using only the top and bottom holes with the pins in the 2-3-2-3
configuration. Line 418 shows the results. Three millimeters displacement was

20 reached at 100 Newtons (22 pounds); and the ACL tore from the testing apparatus at
a force of 310 Newtons (69 pounds).

In the ACL tests, the hgament was not cu'cunﬂ‘erenttally restrained as is
desired in the present invention. Nevertheless, the substantial forces incurred prior to
failure illustrate the usefulness of the system of the present invention for repair of an

25  anterior cruciate ligament, including attachment to bone where appropriate.

Because of the different healing tendencies of the connective cords with which
the present invention can be used, different materials or blends will be required for
different applications. For example, an ACL hesls quite differently from a flexor
tendon, and will require materials that absorb over-a much longer period of time to

30 assure that adequate healing has occurred before the augmenting effect of the repair
system in accordance with the present invention no longer is present.

While the preferred embodiments of the invention have been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of invention. In addition, while the invention has

35  been described with reference to humans, it also has application in animals.
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entrances roper positioni ng can be achi eved by Vi ew ng through

t he observatlon portals. -Lf desired, the severed:end, portion of the 10
tendon can firdt be%@!‘s‘e@mﬁ%ﬂmﬂ#ﬂﬁﬁww%w dugnge to

FI GURE 19j oint moveni&l$ del Goniprisiag @/ lRfllow MecPO bf & 1id op B&f- 25

Sﬁlsr[re::ln ﬂ?lnﬁerlﬁeﬁoﬁr 4tare N r’8ﬂ§emé'y&%f m t Wr u![ﬁesleeve'

t endon wasecurisg theecord Ehcthé chevesmhtthﬂdmdleapphbdmaehb eordtlsrtnnﬂnaydf rom

the opposﬁrg‘_l ?lfecw;ehe ferrule. The pin holes aligned with the captured
cord end portiron then are exposed through the rectangular cutouts of

the outer foil shee

and _t he pi.ns 0 -t hat. can be
driven through2the ﬁ‘?s’?"@eem E‘n&ﬁ% ltl'angizch é“o&“ﬁ’ (9 secure it

i n positi bivabsbrbableahitesial. as seen in FlI GURE 20, the second t endon end
portion can be inserted fromthe opposite direction, followed by renoval
3. The splice defined in Claim 2, in which the sleeve is impregnated or (

coated with an agent selected from the group consisting of agents for enhancing
healing, agents for decreasing adhesion formation, and: agents for deterring scar

4.  The splice defined in Claim 1, mwhwhthesemrmgmeansmcludes
meansformechamcaﬂysewmgthecordmthesleevemchﬂmmnmnapphedtothe

cordmmsnuuedmthedeevembstmmyumfomlythroughoutthecmsssecnon
of the cord.

S. ThespheedeﬁnedmClmn4 mwlnchthesemmgmeansmcludes
tensioned suture secuonsextendmgbetweenopposmgmrfacesofthe hollow sleeve

6. The splice defined in Clum 1, in which the sleeve has opposite walls
for extending along opposite sides of the cord, the securing means including several
ngtdpmsextendmgbetweensaxdwalls

7. ThesphcedeﬁnedmClmmG mwhlchatleastsomeofthepmspro;ect
ﬁ'omone.ofthewallsandaremtegralthhsmdone,wall

8. The spllce deﬁnedmClann6 mwhlchatleast some of the pmsproject
from one of the walls, aremtegralwnthsmd one wall andextend through openings in
 the oppos:te wall.
9. ThesphcedeﬁnedmClmms mwhnchthesleevehastopandbottom
sections defining the opposlte walls.
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of the outer foil sheets 82. The outer sheets are slid out of the

ferrule-sle in 20 the sane direction as the inner pcqfiRokessso
opposite th?y #uiimer?‘@—zr of imsertion of the segomd=cm————coremwend. portion.

The second cord cah be sEs:ur @dTHI® SHEESTHASOREDH t he
pins 22 or 22 ﬁtj‘ﬁ“ﬁﬁ)ﬂﬂm g ferrul e-sl egve unREPEAGED |y, tihe
shar pened tips o t he p| ns ar and the
ferrul e hal ves are separat ed ané‘l In the

modi fi cati on show 19n Fifbesleevedefiped din, §w|“h htq%e@etwmd bottomrseciiggss

15-17), a si nglethidgeditogéthdr® 94 is used at the top and bottom of the sl eeve,
rather than overlapping strips Each strip 94 has a central observation port

96 to align h t t e.
et ou ¢ Pansver selh” * Hhe s RRARAT B, buBlng wiins i BBl d Btk
opposi te si detogethes. of each strip 94, 30 |eaving small joining sections
99. The splice sleeve |s I|ned with two such strips to obscure the

pi n hol es. Wien ongacor gpe afefines th Umrst &l whikhOth insShete \Bod: tﬂlﬁn&k” p

parts at that end ar u to separat strips at, th Ir centers
br eaki ng t he ©xt &tﬁpﬁb&g Mﬁf W@%‘l@@ PR that
end. The ot hemﬁadﬁpﬁuﬁﬂewﬂmoﬁﬁedeeve,sﬁﬂpns&ﬁlpmndmrlﬁngdfl’edmeddmaterfor

nd 15 Sacur ofbimine MeciieRl o e hosiil 168 oSSl of sah of S cubbdly °'

cord end is imwallsofthesleeve.t he opposite end of the sleeve between the
remai ning parts

13.  The splice defined in Claim 6, in which the pins are of a diameter no
greater than about .025".

14.  The splice defined in Claim 6, in which the sleeve is elongated, the pins
being arranged in transversely extending rows, and the pins of one row being
staggered relative to the pins of an adjacent row.

15. The sleeve defined in Claim 6, in which the pins have opposite ends
substantially flush with the outer periphery of the sleeve.

16.  The splice defined in Claim 6, in which the pins having body portions
for extending through the interior of the sleeve, each pin having a sharpened end
portion projecting from such body portion and a peripheral groove between the body
portion and the sharpened end portion for separation of the sharpened end portion
from the body portion.

17.  The splice defined in Claim 1, in which the sleeve is elongated and of
substantially uniform cross section throughout its length.

18.  The splice defined in Claim 17, in which the sleeve is of oval cross
section, having a major axis dimension and a minor axis dimension, the major axis
dimension being at least about twice the length of the minor axis dimension.

19.  The splice defined in Claim 18, in which the length of the sleeve is
substantially greater than the maximum cross-sectional dimension of the sleeve.

“‘sﬁ'iit‘l‘ii‘ilﬂiﬂtﬁ“"“’
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the foil s
secured to
prototype s

%555 I R | IR . L

and t he secoﬁﬁnuﬁ?ﬁuﬁﬁﬂ |s
'-—-«...__‘ '

PPﬂ! %uch parts are then renove

the sl eeve. ., : 26T etedd With a
pl'ice sleeve having the approxi e f]s gi ven above
but with |arge dianeter pin-hotes and pi nd=tapp . 033 inch)
a 2-3-configuration at each side of the STe Fe=| exor tendons

arranged in
wer e harves
cross-secti gag
the inner p
using a sur
in the spli
splice sle
simlar in

end of the

remai ni ng f

t ed f zﬂ.m T Tl'hslspliaeohﬁned‘,adﬁiaﬂmla ewtiich: tﬁehbed!)lhshtl

ver ed

petigheral
Qﬁid’@t{eeilalf dfin ngsll area enconpassed by
er|p ery oé tEe ks prototype. slﬁeve was selected and se

gi cal __scal The_severed - tendon end ortions were

ce sl ébve sn!@edmpd\mﬂm 17 cinvhich the op endbottom
Woumo%abmdlaﬁ@e ® ¢ach vthet baweal pdamah'f&aihseﬁwme

aod & b RSSO %’e&aﬂmﬁmms‘” Ba ) onar y bl ock

ee end was clanped to alow friction slide which,

fitted
e
but
free.
The
in

turn, was secure@2to mm defined im Olaim2 s including m;sefodenhmtmmgathel ngl e

puIIey and
end to appl
The spliced
(4.78

testing str
and pins in

dlebves ?ﬁi&tcl sed ts then were secured to the hanging 15
y different t e |oads to the spllced t endon.

t end in Ie | oad of ,46. e
ki l og&g ﬁ’&@?‘?w @"’Pgl @'&&bﬁ@v E'Ff’
section are hingedttbgether. splice, fai I ed The splice with the

place, was: renoved fron1the testing structure and

exam ned. No evi ance-rﬂé B@Je'déﬁﬁ

remai ned vi
of

si_bl y“opposed mnthln efvagﬁgh por%ﬁP%gpﬁﬁgﬂmﬁgﬁgép
of a thickness

of about 025"u>dmnu

2s. mspmdeﬁnedmcml,m'wmch'mammaommdm
an observation port located approximately- midway between its ends.

26.  The splice defined in Claim 16, in which the observation port is about
.050" in diameter.

27.. The qﬂwz defined in Claim 1, in which the sleeve has an inner

| penpheryhawngalongxmdmaﬂyextendmggrowetoaﬂowvasaﬂarﬂowtothecord

28.  The splice deﬁned in Claunl in which the sleeve has opposnte wall
portions hmwngauwﬂuns ﬂmmuhnnmm,andlmdwmngtnaum for ohnnmxmg the
apertures at the inner periphery of the sleeve.

‘29, ThequzdummﬂlnCMans1nvﬂmmnheobanwungnmumsummuks
phgnmmﬁumibrﬁMngtheqnﬂnﬂstmnluwmglmuremk:mbﬁmmmnyﬂuﬂtwmh
the inner periphery of the sleeve. -

- 30. TheqﬂweddhwdnmChnnzs|nWMmhﬂwmbmnmmngnumnsmdmmw
athmsheetoveﬂymgtheaperturesatthemtenorofthesleeve '

31 ThesphcedeﬁnedmClmml including a ferrule having an interior
cavity for receiving the ﬂanm:ﬂummn,ﬂu:ﬁunﬂelmwmgcnuxmneemdslmdumng
flared entrances leading to the interior of the sleeve.
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separ ation or gappl ng HHL'! I"“;'Mﬁ!!ﬂ%“t . In contrast, simlar testi ng was
per f or med epai red" by sut uri Ng pcThNesisssy

repair S|te S|gns of vi si bl e gappi ng upon appllcatlon of 16 7
Newt ons to 21 6 Newtons (1.70 to 2.20 27. kil Q@eaus of - septi-aa o= oad) .
The sutured repair failed i mediately when tenSIqeﬁis.O@qi"f_‘?fS!-mSMENl creased
to 24.5 Newtons (2.50 kilograns of vertical |oad). REPLACED Afler
repeat testing, sone spllttl ng of the tendon f i heps—ach-aeert=—t6—1
connection pins w2 sedFheasplies defined fin Claim 31, wowhich thenslee hasqpﬁopteewdhed

t hat the Wmﬁ Mg ﬁ?mape
decreased to pggmm%nc% 025 1- n@g tfe%r"lgawnremlfﬁil f om
appl i cati on dHng aeryres ligned,

strong for ceswithithe sioeve Ifatma&xonéﬁthelpmsﬂbmgrﬂleﬁmﬁemﬁvﬂblsbavof t he
abutting severed ends |nd|cates that the splice can be used for connective

Condons. % e %ﬁﬁfﬁeﬂﬁwmﬁ@%@é SR 18 the X"

nodi fied sl eeﬁeeulsoodhavmsan emmghm;%m@@hemim%e
side. The sl gg¥fleGAd tHasicpened i n 35 cI anshel | fashion to the position
shown in FIGURE 22 for receptlon of the severed end portions of the

\(;\%rgél '{ggrlgafter tﬂe sl,ﬁ‘eve la Eedc'l Oéﬁ EP I he I Rqﬂetﬁl Oﬂ shgomled of a

PCT/ US95/ 155 5lurality of pieces, and including means for normally interconnecting said pieces for
reception of the sleeve therein but releasable for separation of the pieces from the
sleeve.

35.  The splice defined in Claim 31, in which the ferrule has a transversely
extending slot aligned with the outer periphery of the sleeve for reception of a cutting
tool therein.

36.  The splice defined in Claim 1, in which the sleeve is formed of separate
sections moveable relative to each other between a closed position closely receiving &
section of the cord and an open position in which at least one of the sections is spaced
from the cord.

37. The splice defined in Claim 36, in which the sections are hinged

together.
38. The splice defined in Claim 36, including means for maintaining the
sections in the closed position.

39.  The splice defined in Claim 1, in which the sleeve is formed of separate
sections, each of said sections being hollow and being substantially aligned axially
with an adjacent section, and means for joining said sections together.

40. The sleeve defined in Claim 39, in which the joining means permits
limited swinging movement of the sections relative to each other without permitting a
substantial change in the length of the sleeve.

41,  The splice defined in Claim 1, in which the sleeve is adapted for
receivingseveredendporﬁonsofaconnecﬁvecordwiththeseveredcordendsin

i




in FI GURE 23. The top and botton'lwww w U sl eeve have aligned hol es
24 for 2, 22' of the ¢ PTEVIY radescri bed. y, a
central ot?g%rva }%n port 30. is provided in at |east tﬁ&’i’%@’g&% he
e_t he hinge 4goi nt 102, t he sl eeve has

_ AR p e sleeve i's closed. The flanges can be 5
stapled, cji pecHEFy.lAaamd or'flot herwi se secured together to maintain the
sl eeve in The — eresed=pdsition. Sleeve 100 has the sanme physi cal

characteri sebmnmelaumh:prmdu fmlsmgmtmmng thicsevered cehds rdbattingess: tenbibn cis t han
one longitu ed at the cl osed
WWW% hgalng oﬁm@fg appirtc [

side of the sl eeve. ation, it may be
desirable for the,sle a a.nc W th the present i nventi on to

flex or bend fors% dp h@ieﬁhm%mwﬁw&r
enbodi rrent ethMcmated boneF oorhiettived cSIdCRY the bohe add BF ar r ay

\(/)\/Tthout al terl ng ﬂhl mb %W%nmlc@g?%ﬁﬂ@cﬂ " th Sl Seve

ability to Wdly_ anchor ‘the connection pins: . . . Stated in anot her way,
al though the sleeve can bend or flex, preferably it will not 15 change its

| ongi tudi nal di ng31si oThé spliceadefinéd i/ Claintlan! t“t%r g
rel ati onshi goof t he g{lﬂ_ ends .of tgtgF or an pr&?eer aﬂ% ;bhw
transver se 6@'&’@ ptsdfyr It is

most i npor t securinghdo théeond end eneans conﬂeetnﬂathe ﬁm hﬂdldieafndf
A0 -;{! : . GURE 24.

direction o 2 .
The pattern o* opem&ﬂ& ?Iﬂ an be_sel e %/%G%’aﬂr}ép#@%aﬂﬂlty 24
of the sl ectaintaining the eo e-etmbmally@hmmmm relagivgitothie bahe dafing>ct i on.
S for the relative neitef\te Sieesbishd iGehdiy 5. L he cord ends can be

secured iin the sleeve by

4. ThesleevedeﬁnedmClmnl mwhxehthesleevenseonsh‘uctedfor
ﬂanngmaduechontanwerselyofnslmgthmtheutmbsmuallyahmgthewemﬂ
length of the sleeve.

sl eeve. At r

| 45.  The splice defined in Claim 44, in which the sleeve is of generally
elhpnealerossseehonhavmgamajora:nslongerthanthemmorms, andmwlnchthe
sleeve is constructed for flexing in the direction of the minor axis.

_ - 46.  The splice defined in Claim 1, in which the sleeve is adapted to receive
adjacent ends of a severed connective cord, the sleeve including a first component,

_ meansforseeunngtheﬁrsteomponenttooneoftheseveredendpomons, a second
eomponent,meansforseetmngtheseeondeomponenttotheotherseveredend
‘portion, and means for i mtereonnectmg the first component and second component to
form a composite sleeve with the severed cord ends abutting such that tension applied
to the cord is transmitted through the sleeve wuhout mbstantmlly altering the
positions of the severed end portions. of the eord '

47. ThespheedeﬁnedmCluml mcludmg asmooth external coating
wtroundmgthepeupheryofthesleeve

48. A splice for a connective cord normally tensioned in the body during
joint movement, said sphce comprising a hollow sleeve formed of bioabsorbable
material and sized for closely receiving a seetlon of the cord, and means for securing

* This Sheet Has Been Rep. laced




p;i ns 22 extending through-H"lmmmul‘%E“Ji n the top and bottom surfaces

of the 5 and 26 i1 ust r abgrareix
enbodi nent &éw@‘eeve i n accordance 25 with t SETL 1

designed to flex in the direction of thegginor a
sl eeve 120 is fornmed with transversely extendi ng

bottom There still remains a continuous |ongitud xtend| ng rib 124
at each si de. Tensi on applled to the cord still is transmtted

through the dhecord thahe;sieane sach that tension applied te thessord istransaitted through e of
the sleeve ingdelh@ direction indicated by the arrows 126 30 in FIGURE 26
Is permtted. Sl eeve 120 of FI GURES 25 and 26 can be connected

oo oo e® '\ D0 o Thelsahea ieiged n ol 85 it which o B vmly g
sl eeve to thenmﬂareﬁ&ham&ﬂybewangﬂrmwmbebe&%uchtﬁattmonaﬁ 16 thes

be. 35 'ttléh{%}?‘*’&t@%@%@t.éﬁf yece et Sl Al b i S, 7T

bet ween oppodifi d. walls of the sleeve act substantlally the sane as
rigid pins. W96/ 16612

PCT/US95/ 15550 50,  The splice defined in Claim 49, in which the securing mehfs includes
several rigid pins extending transversely of the sleeve.

51.  The splice defined in Claim 48, in which the securing means includes
sections of tensioned suture extending between opposite walls of the sleeve.

52. A splice for a connective cord normally tensioned in the body during
joint movement, said splice comprising a hollow sleeve sized for closely receiving a
section of the cord, and a plurality of rigid members extending between opposite walls
of the sleeve for securing the cord to the sleeve such that tension applied to the cord is
transmitted through the sleeve without substantial deflection of the rigid members.

53 The splice defined in Claim 52, in which the rigid members are pins.

54.  The splice defined in Claim 53, in which the sleeve is elongated, the
pins being arranged in transversely extending rows, and the pins of one row being
staggered relative to the pins of an adjacent row.

55. A splice for use in repairing a damaged or broken connective cord
comprising bridging means and means for securing connective cord to the bridging
means, the bridging means being adapted to receive connective cord and made of a
material sufficiently resistant to tensile stress such that in use tension applied along a
repaired connective cord is transmitted via the splice

56. A kit for a splice for use in repairing damaged or broken connective
cord comprising:
(a) bridging means adapted to receive connective cord,
(b) means for securing connective cord to the bridging means, and
(c) instructional material teaching the use of the splice for repairing
broken or damaged connective cord.
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The enbodinment illustrated in FIGJ imlar to the
enbodi menw gglmﬂn FI GURES 25 and gmlﬂﬂ”mg“lﬁml"jlﬁeve 1 Rﬁ?—%
transverse 9 extendi ng slots 122 i%h tthe™ ob ahd bottom wever ,
sl eeve 130 hgs=separate top and -Smttom pieces 132 and 134,
respectively. ans ege 132 and bottom piece 134 5 neet

EE%' he sides along a scall oped border 136. The
cord enuSean1 h| n the sl eeve by horizontal pins extending

transversely bet Wden Themethod of/kepairin edmﬂmmm Wblcblmt he
sl eeve, andj %é&iéheéfthe cord into the mt&hm fornidg bfanot her

b0t 1 om sect iaEsarpalie gateril 8 B Sroms sevionioR casely epeiung g cte‘;?famﬂd

i ntegral hi sgeuringithé carilto thiersidene siach thuttensich wpplitdtorthd eordisteshsmiitteds, t he

top wgé d bottom section 146 each have transversely

ext endi ng IOt .. pronote flexing of the sleeve in the direction
of its mnor axis. In addl't-i on, rather_than . = havi ng, separate pins
driven through S8he Jheanethod dr (laims7, jng the

strai ght pi Rerdltddhextededi Nng upward fromthe bottom section 146, in
alignment with 15 the slots 122 of the top section. The top section 144 .

is formed with integr cur ved. r oxi, A
concentric with e aiﬂ‘? 'ﬁ?‘ﬂ?%é%)ﬁeﬂd‘é%ﬁ ﬂgﬁ.‘dﬁm m‘V'“PlFﬁEP g\‘er ably
are aligned cnrdtoﬂlhelewthysnms mﬂhbplmﬁwmlghshteordmhmh pmspmjeeeﬂgdly

In use, the Ry fleSibetd grCare fitted in the bottom section of
t he sl eeve, Bie overgﬁ%e vertica p| ns 148. The top portion of the sieev§

by *he ourved p, - ot pedii Sofany i Cld sE oG oo, e ers 10y

fibers woul cbohefoi-mlﬁﬁgﬂnrdamgeddmnnmc&rdnbﬂﬁbme.e rotated about
axis 142. By curving. the pins approximately. concentric about the hinge

joint, a s d %&ﬂnﬁ’ fép%ﬁg fdamﬁef%:ﬂehﬁne Wkl after,
the proj ectl ng eﬁ@ R of Q %}& ‘comprisés

asecuonofthecordmtothemtmorofangldorsemn-ngtd elongated sleeve
of a cross section for closely receiving the-cord, and securing the cord to the sleeve
mchthattensnonapphedtothecord:stransmnttedthroughthesleeve '

62. ThemethoddeﬁnedmClmmﬁl mcludmgmechamcaﬂysecumgthe
eordtothesleevemchthattensnondforceapphe@tothccordnstrms:mﬁed
substantially uniformly throughout the cross section of the cord to the sleeve.

63. The method defined ih'Claixn62, including securing the cord to the

sleevebymserhngseveralpmsthroughthecordwhnchpmsproject rigidly from the
sleeve into its hollow interior.-
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portions of the pins can be cut flush with the exterior of the sleeve. The
sl eeve can b%ﬂ?&lﬁf eld in the closed position by clips, stapi,@fmsﬁwﬁo
of the

sutures, for exanple. Anot her cl amshel | enbodi ment

present invention is shown in FI GURES 32 and 33. Sl eeve 160 has a
bottom section 162 with an array of rigid pi ns 164 projecting
vertically upward therefrom Two side-by-si 41%0p sections 166 are
provi ded, joined to the bottom section 162 by integral hinge joints 168.
The two 30 top or "lid" sections 166 are spaced apart at the center of the
sl eeve. Wth the lids open, as illustrated in FIGURE 32, the cord end
portions and sl eeve are noved relative to each ok?ér for piercing the

cord end portions and _retaining themin position, Qe cord ends
abutting at approxi @' }ent er of the sl eeve. ,

lids 166 can be clo M @s have lock s 1

projections 172 along 35 the adjacent gdge 4&f LE&2.

sl eeve. Pins 164 project through S '

the |id sections have been cl oszg, the prds 31
PCT/ US95/ 15550 >

Pref erably, t he pi
with the pins of each £

3 2 | L[z

¢ %7 2 4
1™ 30 28
37,4 2 ),

S
k4l (LA
. ¥, v;‘ N
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22 34 26 28
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staggered relative to the pins of the nost closely adjacent row, and with
each pin wogAsgi2f rom the adj acent pins by an ampbunt equalpcyfugdknds8est

the dianmeter of a pin. 5 In the additional clanshell enbodi nent
of the present invention shown in FI GURE 34, sleeve 180 has a top
section 182 joined to a bottom section 184 by i ntegral hinge joint

integral pins 188 project upward from t he
ns 190, cur JJgB&lapproxi mately concentric about
: joi nt, pro' Adownward fromthe top section

i yfeen rows of pins 188. Al pins
ntly shert that they will not
ot Zien the splice is

186 at one side. Straight
bottom secti on 184,
the axis of thef
182. Pins 190 form &
have shar pened ti ps,
penetrate or extend

cl osed. Splice 180 ¢ ai ned ;ﬂ; cl osed position by hooked,
| ock tabs 192 at thg j e of thefs sect ﬁa fitting into depressions
or holes 194 al Be free edge 4m the bottom section Wth

the splice closed, s are 15_"grﬂ ";1‘|n rows with a 3-2-3 ag ed
configuration at egfivafile of the cej‘_‘.' As represe b
broken |ine 196, thﬁd!ggl' f 0L EURE 5%3%te pi eces such

one severed end port rd N e a

correspondi ng top se or d closed, med af i h

severed cord

[
ST ositi on
e rmdlfl 00 I 1
separat e M tom

G (1l !..\
shown i n Fl GURES UH&-‘»‘T a‘é‘érdanc
the present inventi u'M‘W!' NSy202 et 27
204, respectively. ThRY section has strai ght Z s 206 ;”
proj ecting upwar 0 ther efromin alignnent wt sverse &
through the top sec Simlarly, the top n 202 2%
proj ecting domwar%g?em with 25 transvers 2 of
bottom secti on. \Wen fop “and bott om sect i o? i\ < r oaght o
together, the free end portions of the pins fi 6 lgs of ¥nhe
secti on, 40 79

~
Q

FRACTION OF TENSILE FORCE
&

O.4-
03
0. a é
7/ME
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: wo
as best seen in FIGU&E“E?? This helps to assure that the pins are held

firmy in a vertical position wthout deflecting. The projecting
sharpened tips of the pins can_be cut fl@gfgwi th the peri pheror 9?%
sl eeve. 30 I n addi {4, t &P ection has an undercut shoul dé

214 extendi ng | epg N S upper e portions, to mate with a
corresponding lip 216Qs - Nection _~HeAip 216 interfits with
the undercut shoul der BANJ ) :ESA:FD,/" FI GURE 38 for hol ding
the top and bottom secti p¥@ 2t d¥-<The severed cord ends have

been secured in posi ¥BA.
and FI GURE 40, the top an o, sections 202 and 204 can b eld
t oget her by a spring ClLP gV ng hooked end 96/ 1612 .
PCT/ US95/ 15550 7 | 18- o
portions 218 for fitting in slots 220-0f Whe top and £
Preferably, the body of the-clip fits sgugly '
groove 22 formed in each N E n

peri phery of the clip Li€8
The internal
as

i

N}

I PN J .
H -~




descri bed above, or, as seen in FIGURE 41, shorter integral pins 206" can
be used, wo SéHeg1d hat they do not penetrate the opposing speiriusssnsksy t hat

event, it still is preferred that the pins project substantially
beyond the nidline of the splice in order#t1§ transmit force nore
uniformy through the are of the cord held in the splice. 10 As

seen in FIGURE 42, another alternative is for the pins 226 from one
section to be received in cylindrical sockets 228 forned integrally with

t he opposi ng sectiofegSockets 228 can be forned with sharpened tips.
The cylindrical socke{ﬁ"ﬁﬁe— help to rigidify the pins 226 and prevent
them from defl ecti ng en logqd is applied to the cord. 15

Wth reference to Ff E 43, ,pins fromone section can be fornmed as
cylindrical bosse§L23 havi ng sharpened tips 232 designed to pass through

smal | hol es in {he opp¢sing section. The tip portion of each pin can
have a neck 234 of reguced di anet er whi ch engages in the corresponing -
hole to achieve a snap fift cennecti on. The periphery of the opposing
section can have que reﬂsio 236 such that the 20 sharpened tip 232 of the
pin does not proj&gt peydnd {he outernpst reaches of the peri phery of
t he opposing sect\l O _+-_l Another alternative is illustrated in
FI GURE 44 and FI GURENG5. TPins 238 fromone section are approximtely
sem circul ar i ¥ 239 f he— -— \ o)
are sbstanti al | ul crjoss section andgyput] Au p| ns 5
along a dianetrjc . H I i brace$ the ot hAQ)» YA | on. ' na
deflection.‘*-- Fl 4 nd 4Y illustrate ! two §
sl eeve 240 i c W he ptesent inventi I e
consi sts of i it A Al g/s 242hreactr—— r] '
secured to one} e tlijo ‘everedede__Eéiiug? B
secured to its Ye s¢ nd por{ion by sutur i n any
ot her ‘ .
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30 effective manner for transmtting force fromthe cord through the

collar. Eac has a tongue 244 at one side, in |i nﬂ%&ﬁkéﬁ
tunnel 246 t rougﬁ{a boss 248 of the other collar. In 323. e cord
end portions are secured within their res ectlve collars, and the two
collars are brought together such that th lQnmnms 244 are received in the
tunnel s 246. The tong agi ng an
i ntegral 35 paw 252 unn al S ther in the
condition illustrate h 12
PCT/ US95/ 15550 -19-
FI GURE 47. In such co f7Zhe cord G abut, and
t ensi on appl i ed § ted through t opp05|te
sl eeve 240. t strated in Fl %?4
simlar to the ephed] RES 46 t
separate col |l ars—242' severed cord end portions,
such as by suturing o [ hr ough opposi ng faces.
One col lar 242" (the i RE 48) has transversely
spaced bosses 252 at I ble line or rap,l nmenbers 254
ext end fr o bos ' e bosses 256
of the other coll gr.
L2 %4
5 2z
52 N NS
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After the severed end portions of the cord are affixed in their respective

collars, t ollars are brought together and held in inhd
Feshend e

tying off cting free end portions of the rails or by
otherwise fixing the rails in the bosses 858t hrough which t hey
otherwi se would slide. Preferably the bosses 252,256 would_have a | ower
profile and be a snooth transition fromth@gperiphieryaf the

associ ated col | ar. FI GURES 4944d 5Q it ustkate app alternative
way of securing sey, »€N portions d Cto apfice 260 in
accordance with thw ntion. Such | hcircles the
severed cord end portio and has the desjr : of hol es

262 in its top and bottomS&t e Nnser ol es are
punched t hrough & c alg

reference to Fl GUgges50,

quantity of setta

t hrough the holes p stic

mat eri al has set mol & terial is trinmmed
flush with he peri phery . The

enmbodi ment t he present J 7. yn FI GURES 51 and 52

uses a conposi g, skeeir, Jo® nd collars 272 and 274
spaced 25 apar t Ny A #%. The adjacent ends of adjacent
collars can have ma Fat i ng edges 278 gl udi ng, for -

exanpl e, central 280 on

274, respective

284 whi ch penNQT AN te silient flexing o) s@dfate to
each other, particula™y 4n the 30 direction gjg#he Zx75 Jor t he
conposite sleeve. The inGRE peripheryfof the g G erggEz I's
smooth with no internal projections ium!h?p.;>ﬁﬁﬁ§§ég?¢( ing of the
collars on the severed end portions o ) i g2l ve cord.




Li nks 284 can be forned integrally with connection pins 286 that project

per pendi cul ameyggimérard therefrom Holes 288 are provided in_the tops and
35 bottons of adjacent collars, with rec es 290 at the tom&ﬁ?

recei ve the |inks. Wien the pins are serted downwar d t hrough a
cord, the tops of the links lie flush WO 96/ 16612
PCT/ US95/ 15550 - 20-

with the remai nder of the periphery of the conposite sleeve 270. The bottom

ends of t he can be sharpened and include necks 292 of reduced

di anmeter for snap% to the holes 288 in the bottom surfaces of the

collars. Any projectl bns of the sha ened tips at the bottom

can be cut off. At |east the upper Agrtlon of t m ddl e col l ar 276

can have observation ports 293 for |eW| ng jt he utt| ng end ggrtlons
‘ ! 'F | N

of the damaged cord to a \\Q\‘\\‘ ‘".\ 3 Rli'\.\\'ll

bet ween adj acent coll ars, s ~—ir o e T Y

“vv
! i RS
p1ns. Wth - N8 I:I/I,AI IS ..:l /llllflll Jw:\\
di mensi oned to space the col |93 e \ . gl t

t he fl exing novenent of one i 2
the bridging portions of Nl
N »u\\\\\\
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assist in pernitting the flexing movenent, preferably without introducing a

t endency | inks to expand or contract | engthw se. GEssKy €.

it still is vg?g%grsr ed that the length of the conposite gFgfg\/se 270 not

i ncrease or decrease substantially due to &/d8ces applied to the
repaired ‘cord. In addition, limted sideways flexing of the sleeve (in the
15 direction of the major cross-sectional axis) can be permtted by
tapering the depressi ons 290. The enbodi nent illustrated
in FI GURES 53 and 54, simlar [9/~sghenbodinent shown in FI GURES 50
and 51, uses a nmulti-part coppg# 300 including end collars
302 and 304 spaced ar -3 As for _the enbodi nent of
20 FIGURE 51 and hav%éﬂooss sections and
are aligned | 23 % e riine of e sleeve. Separate

pi ns can be proyZBs z andi ng t hrough registered holes in the
tops and bot j&&P 5 ; ' ‘5 t he damaged cord to be
repaired. | : GURES 53 and 54, three
rigid pins

/H%col | ars 302 and 304, 25
& e mddl e section has

S $ytransversely extendi ng row
FEAANS O nd collars. The

‘// | ush |
pp0si t e sideg

joined at tHhE
two pairs of
with its pi gk ¢

pi ns of eac 27
The pairs of g

QL

center of
end portion

each si de.
collar, and t 22010
306. As seen in Fl GURE 54,

318 which allow limted
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35 swinging of the links relative to the collars to which they are

connect ed. e Dpiyotal WO 96/ 16612

ST sos, 15RepvdssEE | POYUSISAISS0
connection can be achi eved by inward proje8ffdng buttons of the |inks being
snap fitted in corresponding holes of the collars. As

not ed above, inz& L > g%bstantial excur si on
relative to sur( , r/ rface of a sleeve in

accordance 5 FRHTHE el TV ogE o e s Broep d generically as "S"

in FIGURE 55) ¥ -y method is to

encapsul ate sl@&ey d 370. Such covering

370 can be a SgEFaBE ; Y= €Uring resin, a

rigid or flexib =T 1o =g—=rcel==w appeEr ar ound t he sl eeve.

Preferably, (fP . covers at 3 nal portion gl each
120 7] Lion,

cord end C I [ i ;he sl eeve S. /ﬂth erence
to FI GURE 56, sone S a cﬁ’g C, such as an will
0

tear close to one of the bones ich it should be stabls
that case, the damaged end portion of the cord/?é be
of the type

Q
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previ ously described (generically designated as "S" in FIGURE 56), which

sl eeve is lowoRfidé@md to bone B at the opposite end from whi m%
extends. For exanple, the sl eeve can be provided with rs
380 having holes 382 for bone screws 384. 10{1,19 If there is a short

e

| i ganmentous stunp C renaining connected to bone B, preferably
such short stunp is left attached to 0 pron

&L ;zzeal i Lth the
| onger captured end of the cor VN 4‘ q%zg‘
N /

N e G
sl eeve by pins, tight 20 sutures, A .\\
mechanirsm but gﬁga_ t heistegve va

such that ten® %0 thEQN,
sl eeve to the bone. H
in FI GURE 57, the sleeve 390 is '

ligament A and ha¥four rawe=ni™
3-2-3-2 configur&ion 1' hol es
the sleeve. Pine—gf—fi

applied to tll

substanti al | i
and to the b B
Simlarly, ths !Mﬁfx\ t gist.r, d in FIGQURE 58 uses a sl eeve 300
t he type SOSChAR N r f€Pence to FI GURES 53 and 54. However, one

end coll ar 39%? o<t he sl eege I s provided \}4“1 attag?nt ears 380
havi ng hol es " bone screws 384430 : cryciate |liganment A
has its severed end portion fied tJA ougha g hr e Aollars, if
little or no stunp remai ol by e [k e Dbt} el i
t he pi ns arrangeﬁ4
306' . Links 316" at the

.transferredthrou'gg £ s
t he Cross s i on

pefZti ng ears 380 and 30

(=2 e bl SiTana-m
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WD 96/ 16612
PCT/ US95/ 15550 PP

95/15550
sides al | ow"YRPS6L2, o\ ngi ng novenent of the separate collars ’g 2", 306,

304" of the conposite sleeve 300, tyM8hout allow ng any substanti al
rel ative | ongi tudi nal novenent of the conponent parts of the sleeve.
Consequently, tensional forces applied to the anterior cruciate

| i ganent are tansferred through t/ﬁZonposite 5 sl eeve 300", wth the
forces preferably substantially uniff gy distributed across the

cross section of the |igfgent. P %n be fornmed , simlar to
the links 316 of th S 53 and 54 so as to allow
limted rel ative /g ngi Of th ollars in the direction of
the major axis o e ] Rt limted sw nging
noverment in the War of the sleeve. If a 10
substantial | eng 3 ’ :

fitted in colla
t hat the damage
relative to thg¥

rial for a
period of tinme g %ﬁ

Addi tional test AN | dhFZ ‘ presentative forces
transmttable tR§ > ol Zal it o etk e dpnce with the present

I nvention a736

Blﬁ t he bone, it can be
9’0 [fégnce, it is desired
: I

y positioned
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used with an ACL. The ACL consists of nmultiple bundles. In one test, a
single ﬁﬁfﬂﬂﬁg was used, and in two additional tests, fUupbrikdnsigt s
wer e used. B test a I iganen#ﬁggd its long attachnents were
harvested froma fresh frozen cadaver. 20 liganents were severed close
to the femur, =~ but at the opposite end a tibial plug T was cut such
that the tibial stunp of the liganent renai ned attached to bone (see

FI GURE 59). The plug was secured in_gz 9-RZ08e severed eqd&ﬁﬁktion of
t he I Qgﬁﬁrnserteq/;f’ 222 of the gype shywn in
FI GURE 59. *Yrane el §h O

a bos
connected together with
si depl at es 406 wer T
the spacer. oo
of the testi

testing franme o
¢l fornmed. at one
s # pss section, about.
- y - £ 2% g#Pl ate had aligned pin h N
410, each abpit 0. N AT 316t 2% The hoj es were provided i g our
' Z copfi gurati on._ Pins<fy
|

each row werk s

{5 and the rjows were AP
that their cEnterIines ‘

t. Ih addition, fhe sideplates
o\ 208412, of the y oH r as
hol es 410 ea gpeCed | 08" apart.

col ums were ali gnase oAl 9 th the second and fourth
hori zontal rpws, i. 2 sl ol s ont ai ni ng three hol es.

were providefd withp

200 204

Flg. 37.
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- 23- In a first test, the single ACL bundl e, approximtely

4mmin di a e S i nserted into the opening of the ﬁfﬁﬁ at us
and pi nned %ﬂ%ﬁ@g by vertical pins in the 2-3-2-3 con |gﬁ§§ I on.
Tensi on was applied by clanping the tibit8/18l ug, and force ver sus

di spl acenent neasurenents were taken, represented by line 414 of the graph
of 5 FI GURE 60. There is sone natural stretching of the cord, so that

the fact of di spl acenent does not indicate shifting of the cord in
the test frame. Rather, except as not ed bel ow, the pinned end of the
cord held fast i hg fra In the first test, the cord tore
fromthe testi n%%&r a force of 220 BAPons o0

10 In a se d test, a full ACL was used, apprX|

di anmeter. This

two pins in eaclZ2yt
Q)

rows having three

tine t pERg

@& d was pi nned in the testing app tu;g%.r1

(44 pounds) the
| i gament Si?
third test “UsI a
this tinme pinned usk@
2-3-2-3 confi

di spl acenent was

st 013
/llllllll T

IS IT A S
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20 reached at 100 Newtons (22 pounds); and the ACL tore fromthe testing
apparatus a force of 310 Newtons (69 pounds). t he
ACL tests, 5%%’?F§§ﬁent was not cirpunfqi ially restrainedpgsm{sgmjﬁgb
desired in the present invention. Neverthel'ess, the substantial forces
incurred prior to failure illustrate the useful ness of the system of
the present invention for repair of P42 anterior cruciate |iganent,

i ncl udi ng att agQggnt e Appropriate Because of the

different hea , gl ve chrds with which t he
present inventl One#y)) Va2 .m";:;~; AN | al s or pHends m(ﬂl be

required for
differently fronZ#¥
absorb over a nuch
heal i ng has 0cC 7
systemin acgs
While the prifoPrautees
descri bed, i
wi t hout
addi tion,
humans, it al so has
24
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The enbodi nents of the invention in which an exclusive property or
privilege i@&%ﬁi&ﬁd are defined as foll ows: 1. A Petiosanken 2
eonnective cora norfmally tensioned in E%@ body during joint novenent, said
splice conprising a hollow sl eeve of s ?antially rigid or sem-rigid
material and sized for closely receiving a section of the cord, and neans
for securing the cord to the sleeve such that tension applied to the cord
is transmtted through the sl eeve. 2. A splice for a connective
cord normal ly tensioned in ody during joint novenent, said splice
conprising a hollow sleeve fiorned of bioabsorbael-e _natyrial and sized for
<SS 28 O uring,the cord to
") g
T8t hr ough t he
, : . : mal \y tensioned in
the body during jo Hii KO, C~ j 30! ofl ow sl eeve

ngaﬁgzﬁgr securing -
7 CO transmtted
o284 of rigid

Sicp 51,

the cord to the sl eeve~s
t hrough the sl eev
menbers extendinggzi

'\@TJ\II.IT_HI 14~

Ty 54.
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transmtting tension wthout substantial deflection of the rigid nenbers.
4. The splice defined in Caim1 or Cla|n13 in which th r6$%As8sH
forned of b 9P646#1Babl e nateri al . The splice defined in any
preceding Claiml1l, Caim2 or Caimd4, 15M1%h|ch the sl eeve has opposite
wal I s for extending al ong opposite sides of the cord, the securing nmeans
i ncludi ng several rigid nenbers extendi ng between said wal | s such that
tension applied to the cord is transmtted through the sl eeve w thout
substantial deflection of the rigid nenbers. 6. The splice
defined in any precedlno cl ajam i n which the rigid nenbers are pins.

7. N aim6, in which the pins are unthreaded.
Claim7, in which sone of the pins

SUBSTITUTE SHEET (RULE 26)



9. The splice defined in any of Clainms 6-8, in which at | east sone of the
Ri ns proj ectywd bfigepe of the walls and are integral with said one wall.

10. The splice defined in Claim9, igwch at | east sone

extend t hrough openings in the opposit 7. 11. The splice
defined in aim110, in which the sleeve has top and bottom sections
defining the opposite pal#yg 12. The splice defined in any of
Clains 6-8, in which i 151 I ave body portions extending between the
opposite walls of the hler.- ahd opposite end portions received in the
opposite walls of the E§= e, .: pin end portions being of reduced

di aneter for formng [ oul dler{} f or engagi ng- agai nst the i nner periphery of
each of the opposite yall s{of |{§ he sl €q 13. The splice defined
in any of dains 6-8, “ n whi cfff t he %5§ite ends substantially
flush with the outer piferpherjtof the S e * 14. The splice
defined in any of C gijfs 6- 8, whi ch the pins having body portions for
extendi ng through theflj nteriof |[f /t_f)g, sl eeve, each pin having a

j r g

| |57 35,2
S0 : 7
\ Lg,;,, R8O

) |
C» Lk .

S
/e
-

R

57
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¢

shar pened end portion projecting fromsuch body portion and a peri pheral
roove bet wapmodrwgidody portion and the sharpened end portio

geparation of the sharpened end portion fromthe body porti0§¢HWans&m 15.

The splice defined in any of Clains 6-18/19n which the pins are of a

di ameter no greater than about .025". 16. The splice defined in

~any of Cains 6-15, in which the sleeve is elongated, the pins being

arranged in transversely extending rows, and the pins of one row being

staggered relative to the pins of an adjacent row. 17. The splice

defined in any of Clains 1-4, in which the securing neans includes

tensi oned suture sections extendi ng between opposi ng surfaces of the holl ow

sl eeve. 18. The splice defined in any preceding claim in which
the sl eeve is elongated and of subst ani y uniformcross section
t hroughout its | ength. 26

404

A

Frip.59
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&
19.
section, ha
maj or axis

f

nensi on bei ng at

The splice defined in Caim18,
@&Iﬁ‘ﬁaj or axis dinmension and a mnor axis dine
| east about twice the length o

in which the sl eeve is of oval

Fehiosisn,

Cross

axi s di nensi on. 20. The splice¢9t®ined in Claim19, in which the
| ength of the sleeve is substantially greater than the maxi num
cross-sectional dinension of the sleeve. 21. The splice defined
in Caim19 of Caim20, in which the sleeve has a peripheral wall of .a
t hi ckness m Srher—efe—fat—the—rtAef—eo ' =i 22.
The splice #efi net}i n any greceding claimj}in whigh the slleeve ha$ top and
bott om sect {ons maveabl e rgl ative o each pther bdtween af open pgsition
for insertipr—oi—fihp—cord—grd—a—chdsed—positioncilrcuniergntially ?
restraininglthe coyf. 23. The sp]ice deffined inlany preg¢edi ng
claim in which the|sleeve |has a peéripher wall gf_a thi¢kness of about
. 025" to abput .029,{. 24. The sp]ice 'Qfd I njany preg¢edi ng .
claim in which thepsl eeve|is el ongated an has‘\a Eserv tion poft |ocated
approxi mat ef y m'dvvay\betvveen its enpds. “‘h
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port 2 avotn oo MMM o ©20m 20, o 0t oo et e,

preceding claim in Whi Th'thé sfeeve has 4 an b, ] g\ﬂmgyaqggg

| ongi tudi nal 'y extending groove to allow vaRE AULNGOW 1t 9itte| cord

27. The splice defined in any precedi ng cliai In mhlch t1e sl eeve has

opposite wall portions having apertures therjetih 2@9 nch udi ng neans
for obstructing the apertures at the inner pgeni gf elsleeve.

28. The splice defined in Caim?27, in whijch-+ke—ebstrutting neans

i ncl ud I .
ubstanti bl 'y 11 uanearR it Ol per%ﬁ%ryﬁiﬁw%ﬁ"%

The splice daF¢lameedase definedhas follawp:whi ch t he obstructing means includes a
thin sheet overlying the apertures at the interior of the sleeve.

- 1. A splice for a connective cord normally tensioned in the body during
joint movement, said splice comprising a hollow sleeve of substantially rigid or
semi-rigid material and sized for closely receiving a section of the cord, and means
for secunng the cord to the sleeve such that tension apphed to the cord is transmitted
thxough the sleeve.

2. A splice for a connective cord normally tensioned in the body during
joint movement, said splice comprising a hollow sleeve formed of bioabsorbable
material and sized for closely receiving a section of the cord, and means for securing
the cord to the sleeve such that tension applied to the cord is transmitted through the
sleeve. :

3. A splice for a connective cord normally tensioned in the body during
joint movement, said splice comprising a hollow sleeve sized for closely receiving a
section of the cord, and means for securing the cord to the sleeve such that tension
applied to the cord is transmitted through the sleeve, the securing means including a
plurality of rigid members extending between opposite walls of the sleeve for
transmitting tension without substantial deflection of the rigid members.

4. The splice defined in Claim 1 or Claim 3, in which the sleeve is
formed of bioabsorbable material.

5. The splice defined in any preceding Claim 1, Claim 2 or Claim 4, in
which the sleeve has opposite walls for extending along opposite sides of the cord,
the securing means including several rigid members extending between said walls
such that tension applied to the cord is transmitted through the sleeve without
substantial deflection of the rigid members.

6. The splice defined in any preceding claim in which the rigid members
are pins.

7. The splice defined in Claim 6, in which the pins are ﬁnthreaded.

8. The splice defined in Claim 6 or Claim 7, in which some of the pins
are offset from each other.



27 ed in any prectRENACEMENT SHEH
ferrul e havi ng an mﬂmmﬂlmﬁmﬂﬂ recei ving the[SI"éeve tnerel ,
ferrul e having opposite endd i ricl adi ngzgl ar ed s@p,@:iﬁ*@reg?
interior of the sleeve. 31. The splice ge al rr
whi ch the sl eeve has opposite wall portions includi rg—agred—eape

therein, the connecting means including several pins insertable,
respectively, in said apertures, the ferrul e havi apertures arrgned with

Sleeve. o PerILeS T apns AkieAln Bhy bR CILR-4, b S ndPost okl bF el U 10
a cartri dgepisoprogest fbieone of theavdlisrandlace integral avithngpidogst walhl i ty of pins
received therein in alignment with the holes in the ferrule and the sl eeve.

33. The spli cel(ﬂef 'IIstﬁlﬂ:eadEﬁn@d it @bii® 936 Jdhich & l@’ﬁﬁtc.*.bnié@ffﬂ@é ﬁ:iﬂse i's
formed of a tg% 1\{ , andlncumg means for normall
mterconne«ﬁ"?‘?’i’é ﬁP@E’g%S RPOSHR Vékr of the sl eeve therein but
rel easabl e for separation of the pi eces fromthe sl eeve. 34. The
splice defined iH.anyThf sglicai defind0-iA3Claim Ihiin hwhible the rsteeve Hastop and

bottom sections defining the opposite walls.

12.  The splice defined in any of Claims 6-8, in which the pins have body
portions extending between the opposite walls of the sleeve and opposite end
portions received in the opposite walls of the sleeve, said pin end portions Being of
reduced diameter for forming shoulders for engaging against the inner periphery of
each of the opposite walls of the sleeve.

13.  The splice defined in any of Claims 6-8, in which the pins have
opposite ends substantially flush with the outer periphery of the sleeve.

14.  The splice defined in any of Claims 6-8, in which the pins having
body portions for extending through the interior of the sleeve, each pin having a
sharpened end portion projecting from such body portion and a peripheral groove
between the body portion and the sharpened end portion for separation of the
sharpened end portion from the body portion. |

15.  The splice defined in any of Claims 6-14, in which the pins are of a
diameter no greater than about .025".

16.  The splice defined in any of Claims 6-15, in which the sleeve is
elongated, the pins being arranged in transversely extending rows, and the pins of
one row being staggered relative to the pins of an adjacent row.

17.  The splice defined in any of Claims 1-4, in which the securing means
includes tensioned suture sections extending between opposing surfaces of the
hollow sleeve.

18.  The splice defined in any preceding claim, in which the sleeve is
elongated and of substantially uniform cross section throughout its length.



for

The splice det

y Tecgi
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joining said secti 35 tqust che defined in Claim 19, in which the length of the sleeve is

substantially greater than the maximum cross-sectional dimension of the sleeve.

21.  The splice defined in Claim 19 of Claim 20, in which the sleeve has a
peripheral wall of a thickness much less than one-half the minor axis dimension.

22.  The splice defined in any preceding claim, in which the sleeve has top
and bottom sections moveable relative to each other between an open position for
insertion of the cord and a closed position circumferentially restraining the cord.

23.  The splice defined in any preceding claim, in which the sleeve has a
peripheral wall of a thickness of about .025" to about .029".

24.  The splice defined in any preceding claim, in which the sleeve is
elongated and has an observation port located approximately midway between its
ends. '

25.  The splice defined in Claim 23 or Claim 24, in which the observation
port is about .050" in diameter.

26.  The splice defined in any preceding claim, in which the sleeve has an
inner periphery having a longitudinally extending groove to allow vascular flow to
the cord.

27.  The splice defined in any preceding claim, in which the sleeve has
opposite wall portions having apertures therethrough, and including means for
obstructing the apertures at the ipner periphery of the sleeve.

28.  The splice defined in Claim 27, in which the obstructing means
includes plug members for filling the apertures and having inner ends substantially
flush with the inner periphery of the sleeve.

29.  The splice defined in Claim 27, in which the obstructing means
includes a thin sheet overlying the apertures at the interior of the sleeve.
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32.  The splice defined in Claim 30 or Claim 31, including a cartridge
connectable to the ferrule and having a plurality of pins received therein in alignment
with the holes in the ferrule and the sleeve.

33.  The splice defined in any of Claims 30-32, in which the ferrule is
formed of a plurality of pieces, and including means for normally interconnecting
said pieces for reception of the sleeve therein but releasable for separation of the
pieces from the sleeve.

34.  The splice defined in any of Claims 30-33, in which the ferrule has a
transversely extending slot aligned with the outer periphery of the sleeve for
reception of a cutting tool therein.

35.  The splice defined in any preceding claim, in which the sleeve is
formed of separate sections moveable relative to each other between a closed position
closely receiving a section of the cord and an open position in which at least one of
the sections is spaced from the cord. '

36.  The splice defined in Claim 11, Claim 22 or Claim 35, in which the
sections are hinged together. '

37.  The splice defined in Claim 11, Claim 22, Claim 35 or Claim 36,
including means for maintaining the sections secured together.

38.  The splice defined in any preceding claim, in which the sleeve is
formed of separate sections, each of said sections being hollow and being
substantially aligned axially with an adjacent section, and means for joining said
sections together.



43.

alter| ng the posi red end porti ORBRpf ;

The 'splice defi neh““ﬁ%lﬂﬂﬁl{fﬁ"ﬁs 1- 40, in whi ¢h{iHas Hapt ed
for connection to & bénetfot confdecti ngaghe cormgs tu-% gm&imt et bpyeg and
for transm ssion of tensional force fromthe conpgedti2& MAY dA9%hr ugh t he

sl eeve to the bone. 44. The splice defijngd in C aim43 n which
the sleeve includes a first conponent adapted fof connection to thg bone, a
second conponent adapted for securing to the cord.and neans_copnecting the

first and second npo 19 ve.m
substantially al t%ér)l n ﬁ%%afcgncgetﬁﬁg%% tb\rgaémsﬁég ”T& 1 "aﬁ metam)k;%\%ngsord in
subst ant i al |lym:thbswmgmgom9v¢mm of dtqaaeptr@qmlatmet(bm cuhnrlwn@mpmnmg

movenent of stanfisttc RORAsH ' 45. The splice
defined in égﬁ)m 4?1L or ailim 44, he sl eeve is adapt ed to receive
a short liganento f th cord conne ed to the b nd nmai ntain an
adj acent portion %& E‘é‘?‘?g‘&g"&?‘ré"r'ﬁ“ ﬁ@’ﬂems e sleeve 15 open

29 at both ends, havmg an ummpeded through bore.

41.  The splice defined in any preceding claim, in which the sleeve is
adapted for receiving severed end portions of a connective cord with the severed cord
ends in abutting relationship and for maintaining the severed ends abutting as tension
is applied to the cord by transmitting tensional force through the sleeve.

42.  The splice defined in any of Claims 1-40, in which the sleeve is
adapted to receive adjacent ends of a severed connective cord, the sleeve including a
first component, means for securing the first component to one of the severed end
portions, a second component, means for securing the second component to the other
severed end portion, and means for interconnecting the first component and second
component to form a composite sleeve with the severed cord ends abutting such that
tension applied to the cord is transmitted through the sleeve without substantially
altering the positions of the severed end portions of the cord.

43.  The splice defined in any of Claims 1-40, in which the sleeve is
adapted for connection to a bone for connecting the connective cord to the bone and
for transmission of tensional force from the connective cord through the sleeve to the
bone.

44,  The splice defined in Claim 43, in which the sleeve includes a first
component adapted for connection to the bone, a second component adapted for
securing to the cord and means connecting the first and second components for
relative swinging movement without substantially altering the length of the sleeve for
maintaining the cord in substantially the same position relative to the bone during
relative movement of the first and second components.

45, The splice defined in Claim 43 or Claim 44, in which the sleeve is
adapted to receive a short ligamentous stump of the cord connected to the bone and
maintain an adjacent portion of the cord in engagement with the stump.
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48.  The splice defined in any preceding claim, including a smooth
external coating surrounding the periphery of the sleeve.

49.  The splice defined in any preceding claim, in which the sleeve is
impregnated or coated with an agent selected from the group consisting of agents for
enhancing healing, agents for decreasing adhesion formation, and agents for deterring
scar formation.

50. The splice defined in any preceding claim, in which the securing
means includes means for mechanically securing the cord to the sleeve such that
tension applied to the cord is transmitted to the sleeve substantially uniformly
throughout the cross section of the cord.

51. A splice for use in repairing a damaged or broken connective cord
comprising bridging means and means for securing connective cord to the bridgihg
means, the bridging means being adapted to receive connective cord and made of a
material sufficiently resistant to tensile stress such that in use tension applied along a
repaired connective cord is transmitted via the splice.

52. A kit for a splice for use in repairing damaged or broken connective
cord comprising:
(a) bridging means adapted to receive connective cord,
(b) means for securing connective cord to the bridging means, and
(c) instructional material teaching the use of the splice for repairing
broken or damaged connective cord.

53.  The splice defined in Claim 51 or Claim 52, in which the bridging
means is adapted to be connected between the damaged or broken connective cord
and a bone.
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55.  The method of repairing a damaged connective cord which comprises
inserting a section of the cord into the interior of a rigid or semi-rigid elongated
sleeve of a cross section for closely receiving the cord, and securing the cord to the
sleeve such that tension applied to the cord is transmitted through the sleeve,

56.  The method defined in Claim 54 or Claim 55, including mechanically
securing the cord to the sleeve.

57.  The method defined in Claim 56, including mechanically securing the
cord to the sleeve by inserting several pins through the cord which pins project
rigidly from the sleeve into its hollow interior.

58.  The method defined in Claim 57, in which the pins are unthreaded.

59.  The method defined in Claim 57 or Claim 58, in which some of the
pins are offset from each other. '

60.  The method defined in any of Claims 54-59, including securing the
sleeve to a bone for attaching the damaged connective cord to the bone.

61.  The method defined in any of Claims 54-60, including securing the
sleeve to a bone for maintaining one section of the cord in an engagement with a
stump section of the cord attached to the bone.
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59. The method defined in Gaim57 or daimb58, in which some of the pins

are offset from each other. . 60. The met hod defined in any of
Claims 54-59, including securing the sleeve to a bone for attaching the v
damaged connective cord to the bone. ' 61. The met hod defined in
any —ofCl-ai-e—64—60—Aet-tetHRg—SeetHhg—te—sreeve—to—abome—for—

mai ¢piaBswag one section of the cord in an engagenent wth a stunp section
of the gord e (el o Whiment (C) ("connecive cord" is insered into a thin, hollow sleeve (100, 110, 120,

130, 140, 160, 180, 200, 240, 260, 270, 300, 390; generically designated "S") and is connected to the sleeve (S) such that the cord-sleeve
' combination can immediately withstand normal tensile forces. The interconnection can' be mechanical, such as by pins (22, 22°, 148,150,
164, 188, 190, 206, 206’, 210, 226, 230, 238, 239, 266, 286, 308) extending through the sleeve (S) and cord (C). The sleeve (S) can be
bioabsorbable over a sufficiently. long period of time that the cord (C) is healed by the time the sléeve (S) is absorbed.
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