wo 20097124215 A1 I 0O OO0 OO

(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date
8 October 2009 (08.10.2009)

(10) International Publication Number

WO 2009/124215 Al

(2D

(22)

(29
(26)
(30)

(71)

(72)
(79)

(51) International Patent Classification:

AG1B 17/04 (2006.01)

International Application Number:
PCT/US2009/039362

International Filing Date:

2 April 2009 (02.04.2009)
Filing Language: English
Publication Language: English
Priority Data:
61/072,683 2 April 2008 (02.04.2008) us
61/135,149 17 July 2008 (17.07.2008) us
61/208,294 23 February 2009 (23.02.2009) us
Applicant (for all designated Sates except US): SE-
QUENT TISSUE REPAIR, INC. [USUS]; 7429 Ace
Blvd-stite 107, Raleigh, NC 27617 (US).
Inventors; and
InventorgApplicants (for US only): CABORN, David

[US/US]; 1300 South Buckeye Lane, Goshen, KY 40026
(US). MCDEVITT, Dennis [USUS]; 9511 Centerwood
Drive, Raeigh, NC 27617 (US). NAWAB, Akbar
[US/US]; 8709 Summit Ridge Drive, Louisville, KY

(74)

81)

(84)

40241 (US). NOVAK, Vincent [USUS]; 2013 Cora-
bells Court, Longmont, CO 80503 (US).

Agent: PANDISCIO, Mark, J; Pandiscio & Pandiscio,
470 Totten Pond Road, Waltham, MA 02451 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), EBurasan (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, S, SK, TR),

[Continued on next page]

FIG. 11

(54) Titlee METHOD AND APPARATUS FOR MENISCAL REPAIR

(57) Abstract: An anchor for securing suture to tissue, the
anchor comprising: an elongated body having a distal end
and aproxima end, the distal end having a distal slot ex-
tending proximally into the elongated body, and the proxi-
mal end having a proxima slot extending distaly into the
body; the distal slot comprising a wide section and a nar-
row section, wherein the wide section has a width such
that the suture is didably accommodated therein and the
narrow section has a width such that the suture is bound
therein, and further wherein the wide section is disposed
distally of the narrow section.
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This patent application «clainms benefit of:

(i) pending prior US. Provisional Patent
Application Serial No. 61/072,683, filed 04/02/2008 by
David Caborn et al . for MEN SCAL REPAIR MAGAZI NE
CONCEPT (Attorney's Docket No. VINCE-2 PROV);

(ii) pending prior U S Provisional Patent
Application Serial No. 61/135,149, filed 07/17/2008 by
David Caborn et al . for MEN SCAL REPAIR PROVI SIONAL 3
(Attorney's Docket No. VINCE-3 PROV); and

(iii) pending prior U S Provisional Patent
Application Serial No. 61/208,294, filed 02/23/2009 by
Vincent Novak et al. for MENISCAL REPAIR PROVI SIONAL 4
(Attorney's Docket No. |INCUVED-6 PROV).

The three above-identified patent applications

are hereby incorporated herein by reference.

Field Of The Invention

This invention relates to surgical nethods and
apparatus in general, and nore particularly to
surgical nethods and apparatus for the repair of the

meni scus
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Background Of The Invention

The neniscus is a piece of cartilage |I|ocated
within the knee joint, between the top of the tibia
and the bottom of the femur. The neniscus serves to
facilitate stable novenment of the tibia and fenur
relative to one another, and to absorb shock and to
spread | oad.

The neniscus is frequently danaged (e.g., torn)
as the result of injury and/or accident. A danmaged
meni scus can inpede proper notion of the knee joint
and cause pain, anong other problens.

More particularly, the essential role of an
intact meniscus, and its inportance for proper knee
function, has been well docunented and accepted by the
general orthopedic comunity. An intact and
functioning neniscus is critical to optimally
distribute weightbearing forces that transfer through
the knee joint while maintaining knee stability. The
meniscus is also vital to preserving the articular

cartilage surfaces of the knee. Loss of neniscal
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tissue is considered to be a key precursor to the
devel opment of knee osteoarthritis.

A major challenge in repairing a torn neniscus
is the fact that the tissue itself is a fibrous
structure that is not uniformy vascular. The
vascul ar zones of the nmeniscus conprise about one
third of the neniscus tissue and are generally
recogni zed as the "red-red" and "red-white" zones.
The red-red zone (i.e., the nost highly vascularized
portion of the neniscus) is an area in which neniscal
repairs are known to heal easily and is |located along
its outer periphery. The red-white zone extends from
the nost vascular area towards the inner portions of
the neniscus where the blood supply eventually
declines to non-vascular tissue (which is sonetines
referred to as the "white-white" zone) . It is
bel i eved that proper surgical technique is of great
i mportance if a successful repair is to be achieved
in the red-white zone. It is generally accepted
know edge that about 15% of all neniscal tears occur

in the red-red zone, another 15% of neniscal tears
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occur in the red-white zone, and the remaining 70% of
meni scal tears occur in the white-white (or non-
vascul ari zed) zone of the neniscus.

Anot her significant challenge in repairing a
torn neniscus is that the size and shape of the tears
vary, making the reduction and apposition of the torn
tissue difficult to acconplish. W t hout proper
apposition and stability, torn neniscal tissue wll
not heal properly.

The art of repairing torn meniscal tissue was
first devel oped and pioneered throughout the 1980' s
by early sports nedicine-focused surgeons. The
earliest nethods enployed only suture in the repair.
The techniques of "inside-out"” and "outside-in"
suturing becane the so-called "gold standard" for the
repair of meniscal tissue. Both of these techniques
focused on passing snall dianeter suture (size 2-0 or
3-0) through the neniscus, reducing and closing the
tear, and then tying a suture knot over the knee
capsule so as to fixate and stabilize the tear. A

feature of these early all-suture repairs was that
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the surface of the neniscus was kept relatively
snooth since the suture knot was outside of the knee
joint, and the use of a needle and suture allowed the
surgeon a great deal of flexibility in adequately
reducing and stabilizing the tear. Eventual |y, these
early surgeons began concomitant use of conplenentary
techniques to pronote a vascular response in the nore
non-vascul ar areas of the neniscus. Met hods such as
tear edge and neniscapsular rasping, the application
of an interpositional blood clot, trephination to
create a vascular channel, and fascial sheath or
synovial flap coverage have been shown in several
studies to be 150% nore effective in healing a torn
meni scus when conpared to repairs that do not use
such concom tant techniques.

The specific issues and chal |l enges associ ated
with the aforementioned all-suture inside-out and
outside-in repair techniques are centered primarily on
issues relating to the "user interface" and to the
"tethering” of the nmeniscus to the knee capsule. Mor e

particularly, the "user interface" issues generally
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relate to the technical demands required in the
operating room the skill of the surgeon and the
nunber of assistants required to safely pass the
needl e and suture from the anterior portion of the
meni scus through the posterior portion of the meniscus
and exit out through the posterior/nmedial aspect of
the knee joint (i.e., the so-called "inside-out"
technique) ; or the passing of a needle and suture from
the nedial aspect of the exterior of the knee into the
knee joint, through the neniscus, the retrieval and
re-insertion back into the neniscus, and then passage
back out through the capsule to the nedial aspect of
the knee (i.e., the so-called "outside-in" technique).
The aforenentioned tethering issues relate to nore
recent concerns about fixating suture over the knee
capsule and thereby "tethering" the nmeniscus to the
knee capsule, since evidence suggests that such
tethering of the neniscus to the knee capsule may
interfere with the normal bionechanics of the neniscus
(e.g., load and force distribution, etc.).

As recognition of the inportance of the
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nmeni scus grew in the late 1980' s, new nethods of
nmeni scus repair were devel oped. These new net hods
focused on inproving execution of the procedure in
order to nake it easier, sinpler and faster to
acconpl i sh. The new gold standard approach becane
the so-called "all-inside" technique. The all -
inside technique is intended to not violate the
knee capsule or require any incisions on the
posterior/ medi al aspects of the knee (i.e., such as

is required with the inside-out and outside-in

suturing techniques discussed above) . Wth the
all-inside technique, the entire repair - both
approximation and fixation - is performed intra-

articularly

The first all-inside repair devices were tack-
like implants that were inserted through a standard
arthroscopic portal and then forcefully pushed
t hrough the nmeniscus, crossing through the tear,
thereby closing and fixing the tear wthout the use
of suture. These tack-like inplants were fornmed

out of biomaterials such as PLA, PLLA or PGA that
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were expected to biodegrade over tinme. However ,
these materials are quite hard when first inserted
and, in use, were found to degrade or bioabsorb
much nore slowy than anticipated. Cinical use
and followup have denonstrated the inherent risks
associated with the use of tack-like inplants
within the knee joint, as nunerous published
studies have reported device failure which can |ead
to tear reformation, |oose inplants within the knee
joint and articular cartilage danage. Fur t her nor e,
it can be challenging for the surgeon to adequately
address various tear shapes and sizes using these
tack-1ike inplants.

As a result, attention has returned to suture-
based repairs, with a new focus on performng a
suture-based repair using an all-inside technique.
There are several recent systens that seek to
acconplish this goal. However, none of these
systens have been found to be conpletely
sati sfactory.

Thus, there is a need for a new and inproved
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met hod and apparatus for neniscal repair.

Summary Of The |nvention

The present invention provides a new and i nproved
nmet hod and apparatus for neniscal repair.

In one form of the present invention, there is
provided an anchor for securing suture to tissue, the
anchor conpri sing:

an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proxinmally into the elongated body, and the
proxi mal end having a proximal slot extending distally
into the body;

the distal slot conprising a wide section and a
narrow section, wherein the wide section has a width
such that the suture is slidably acconmmpbdated therein
and the narrow section has a width such that the
suture is bound therein, and further wherein the w de
section is disposed distally of the narrow section.

In another form of the present invention, there

is provided a system conprising:
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a suture;
at | east one anchor, the anchor conpri sing:
an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proximally into the elongated body, and the
proxi mal end having a proximal slot extending distally
into the body;
the distal slot conprising a wide section

and a narrow section, wherein the wide section has a
width such that the suture is slidably accomopdated
therein and the narrow section has a width such that
the suture is bound therein, and further wherein the
wi de section is disposed distally of the narrow
secti on;

wherein the suture is initially disposed within
the wide section of the distal slot of the at |east
one anchor so that the suture is slidable relative to
the at |east one anchor.

In another form of the present invention, there
is provided a nmethod for securing a first elenent to a

second elenment, the nmethod conmprising the steps of:
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providing a system conprising:
a suture;
at |least two anchors, each anchor
conpri si ng:
an elongated body having a distal end
and a proximal end, the distal end having a distal
slot extending proximally into the elongated body, and
the proximal end having a proximl slot extending
distally into the body;
the distal slot conprising a wde
section and a narrow section, wherein the w de section
has a width such that the suture is slidably
accomopdated therein and the narrow section has a
width such that the suture is bound therein, and
further wherein the wi de section is disposed distally
of the narrow section;
wherein the suture is initially disposed
within the wide section of the distal slot of each of
the at least two anchors so that the suture is

slidable relative to the at least two anchors; and
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an inserter, the inserter conprising a hollow
el ongated shaft having a sharp point disposed
eccentric to the longitudinal axis of the holl ow
el ongated shaft, and further wherein the suture and
the at least two anchors are disposed within the |unen
of the hollow elongated shaft;

passing the inserter through the first object and
the second object so that the sharp point of the
inserter resides on the far side of the second object;

ejecting the first anchor on the far side of the
second object;

tensioning the suture so that the suture is drawn
into the narrow section of the distal slot of the
first anchor, whereby to bind the suture to the first
anchor;

withdrawing the inserter out of the first object
and the second object;

noving the inserter |aterally;

passing the inserter back through the first

object and the second object so that the sharp point
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of the inserter resides on the far side of the second
obj ect;

ejecting the second anchor on the far side of the
second object;

tensioning the suture, and wthdrawing the
inserter out of the first object and the second
object, so that the suture is drawn into the narrow
section of the distal slot of the second anchor,
whereby to bind the suture to the second anchor.

In another form of the present invention, there
is provided a system for securing suture to tissue,
the system conpri sing:

an anchor, the anchor conprising:

an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proximally into the el ongated body;

the distal slot conprising a wide section
and a narrow section, wherein the wide section has a
width such that the suture is slidably accommpdated
therein and the narrow section has a width such that

the suture is bound therein, and further wherein the
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wi de section is disposed distally of the narrow
section.

In another form of the present invention, there
is provided a nmethod for securing a first object to a
second object, the method conprising the steps of:

passing a first anchor having a strand of suture
slidably mounted thereto through the first object and
the second object at a first Ilocation;

securing the strand of suture to the first
anchor;

passing a second anchor having the strand of
suture slidably mounted thereto through the first
object and the second object at a second |ocation; and

securing the strand of suture of suture to the

second anchor under tension.

Brief Description Of The Draw ngs

These and other objects and features of the
present invention will be nore fully disclosed or
rendered obvious by the following detailed

description of the invention, which is to be
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consi dered together with the acconpanying draw ngs

wherein |ike nunbers refer to like parts,

wherein :

and further

Figs. 1-3 are schematic views showi ng a neniscal

repair system formed in accordance wth the present

i nvention;

Figs. 3A and 3B are schematic views showi ng the

distal end of the neniscal repair system shown in

Figs. 1-3;

Figs. 4-10 are schematic views show ng further

details of an anchor of the neniscal repair

shown in Figs. 1-3;

system

Fig. 11 is a schematic view show ng a mneniscal

repair effected using the system shown in Figs. 1-3;

Figs. 12-17 are schematic views show ng an

anchor being deployed from an inserter;

Fig. 18 is another schematic view showing a

nmeni scal repair effected using the system shown in

Figs. 1-3;

Fig. 19 is still another schematic view show ng

a meniscal repair effected using the system shown in
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Figs. 1-3;

Figs. 20-22 are schematic views show ng how the
suture may be twisted so as to enhance the hol ding
strength of the nmeniscal repair system and

Figs. 23 and 24 are schematic views show ng an
alternative anchor fornmed in accordance with the

present invention.

Detailed Description Of The Invention

Looking first at Figs. 1-3, 3A and 3B, there is
shown a novel system 5 for neniscal repair. System 5
generally conprises a plurality of anchors 10, a
| ength of suture 15 and an inserter 20.

Anchors 10 are shown in greater detail in Figs.
4-10. Each of the anchors 10 generally conprises an
el ongated body 25 which, in its preferred
construction, is generally cylindrical so that it can
make a close sliding fit within the lumen of a hollow
delivery needle, as will hereinafter be discussed in
further detail. El ongated body 25 is characterized

by a distal end 30 and a proximal end 35.

| NCUVED- | |
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On a "top" side of elongated body 25 a distal
slot 40 extends proximally along the elongated body,

with distal slot 40 conprising a w de section 45 and

a narrow section 50. Also on the "top" side of

el ongated body 25, a proximal slot 55 extends
distally along the elongated body, wth proximl slot
55 conmprising a wide section 60 and a narrow section
65. Distal slot 40 is aligned with proximal slot 55.
Preferably narrow section 50 of distal slot 40 is
narrower than narrow section 65 of proximal slot 55
(Fig. 5), and preferably w de section 45 of distal
slot 40 is the same width as wide section 60 of

proxi mal slot 55. Thus it will be seen that narrow
section 50 of distal slot 40 is narrower than narrow
section 65 which is itself narrower than the wide
section 45 of distal slot 40 and wi de section 60 of
proxi mal slot 55. Fur t her nor e, t he aforenentioned
narrow section 50, narrow section 65 w de section 45
and wide section 60 are sized relative to suture 15

so that: (i) suture 15 will make a tight binding fit

with narrow section 50 of distal slot 40, (ii) suture
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15 will make a sliding fit with narrow section 65 of
proximal slot 55 and (iii) suture 15 will nove
easily through w de section 45 of distal slot 40 and
wi de section 60 of proxinmal slot 55. A wall 70
separates narrow section 50 of distal slot 40 from
narrow section 65 of proximal slot 55.

On a "bottont side of elongated body 25 (i.e.,

on the side dianetrically opposed to the

af orenenti oned top" side of elongated body 25) , a
recess 75 (Figs. 6 and 7) extends into elongated body
25. Thus, recess 75 is dianetrically opposed to the
af orenentioned distal slot 40 and proximal slot 55.
Recess 75 is forned |ong enough, and deep enough, so
that it communicates wth narrow section 50 of distal
slot 40 and with a portion of wide section 45 of
distal slot 40, and it comrunicates wth narrow
section 65 of proximal slot 55 and with a portion of
wi de section 60 of proximal slot 55 (Fig. 7). Recess
75 is significantly wder than suture 15 so that

suture 15 can nove easily through recess 75.

On account of the foregoing construction, wde
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section 45 of distal slot 40, narrow section 50 of
distal slot 40, recess 75 wde section 60 of
proximal slot 55 and narrow section 65 of proximal
slot 55 provide a suture pathway about elongated body
25 of anchor 10. Furthernore, and as w !l
hereinafter be discussed in further detail, on
account of the disposition and sizing of the
aforenmenti oned w de section 45 narrow section 50,
recess 75, wde section 60 and narrow section 65,
anchor 10 can be slidably mounted on the suture and
then selectively secured to the suture.

A fin 80 extends "downwardly" out of the
"bottont' side of elongated body 25. Fin 80 is
aligned with recess 75 and dianetrically opposed to
distal slot 40 and proxi mal slot 55.

It should be appreciated that, while elongated
body 25 is preferably generally cylindrical, it is
also preferably not tubular: at no point along its
| ength does elongated body 25 have a conplete outer
peri phery with a hollow interior.

Suture 15 may conprise any suture material of
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the sort known in the art. By way of exanple but not
limtation, suture 15 may conprise braided suture,
so-called "nonofil ament" suture, etc., and nay be
formed so as to be either "permanent" or absorbable.
In one preferred form of the invention, suture 15
conprises braided suture.

As will hereinafter be discussed in further
detail, suture 15 is intended to be passed through
anchor 10 (or, stated another way, anchor 10 is
intended to be "strung" onto suture 15) by passing
the suture through distal slot 40, into and al ong
bottom recess 75, and back through proximl slot 55
(see Figs. 14-16, 20, etc.). In this respect it wll
be appreciated that w de section 45 of distal slot
40, recess 75 and wide section 60 of proximal slot 55
are all sized sufficiently wde relative to suture 15
that suture 15 can slide easily through those
openi ngs. Thus, so long as suture 15 renmins
di sposed in those openings, suture 15 will be free to
nmove easily through anchor 10 (and, correspondingly,

anchor 10 will be free to slide easily along suture
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15) . However, and as will hereinafter be discussed
in further detail, when suture 15 is directed into

narrow section 50 of distal slot 40, a tight
interference fit will be created between the anchor
and the suture, thereby securing the anchor and
suture to one another.

As will also hereinafter be discussed in further
detail, a plurality of anchors 10 may be "strung" on
a single suture 15 (see Figs. 2, 13, 15, 20, etc.)
As noted above, when suture 15 passes through w de
section 45 of distal slot 40, recess 75 and wde

section 60 of proximal slot 55 of each anchor 10, the

anchors may be advanced along the suture. However,
and as will hereinafter be discussed in further
detail, when suture 15 is directed into narrow

section 50 of distal slot 40 of an anchor, a tight
interference fit will be created between that anchor
and the suture, thereby securing that anchor and the
suture to one another. Significantly, and as wll
hereinafter be discussed in further detail, when a

plurality of anchors 10 are slidably mounted on a
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single suture 15 each of the anchors 10 may be
selectively and individually secured to the suture
when and where desired by the user.

Looking again at Figs. 1-3, 3A and 3B, inserter
20 generally conprises an elongated shaft 85 having a
central lunen 90 extending therethrough. El ongat ed
shaft 85 ternminates in a sharp point 95 at its distal
end. Sharp point 95 is created by forming an oblique
face 96 (Figs. 3A 3B and 12) on the distal end of
the elongated shaft, such that a section 97 of
el ongated shaft 85 is exposed at the nmouth of |unen
90. A handle 100 (Figs. 1-3) is secured to elongated
shaft 85 at its proxinml end. A slot 105 (Fig. 13)
is formed in elongated shaft 85 on its "bottoni side.
Slot 105 extends into exposed section 97 of elongated
shaft 85. A small projection 106 (Figs. 13 and 15)
extends into slot 105.

As seen in Figs. 2, 3A 3B and 13, elongated
shaft 85 is sized to receive a plurality of anchors
10 therein, wth those anchors being "strung" on a

single suture 15. To this end, lunmen 90 of el ongated
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shaft 85 is sized to slidably receive elongated
bodies 25 of anchors 10, with fins 80 extending out
t hrough slot 105 of elongated shaft 85. Fins 80 and
sl ot 105 cooperate to keep anchors 10 aligned wthin
lumen 90 of elongated shaft 85. The af orenenti oned
smal| projection 106 provides nomnal resistance to
the passage of fins 80 through slot 105. Smral |
projection 106 is positioned such that the |ead
anchor 10 in lumen 90 nornmally does not exit the
distal end of the elongated shaft; however, wth the
application of a distally-directed force, fin 80 can
slip past small projection 106 so as to release the
| ead anchor from |unen 90.

Preferably, handle 100 includes a lever 110 for
selectively advancing a drive shaft 115 along |unen
90 of elongated shaft 85 whereby to selectively
advance anchors 10 along lunen 90 and thereby eject
anchors 10 one at a tinme from the distal end of
el ongated shaft 85. Handl e 100 preferably also
includes a tension wheel 120 for selectively

tensioning the suture energing from the proxi mal - nost

I NCUMED- 1 |



WO 2009/124215 PCT/US2009/039362

_25_

anchor 10 which is held in lumen 90 of elongated
shaft 85. To this end, drive shaft 115 is preferably
hollow so that suture 15 can extend from the

proxi mal -most  anchor 10, through the drive shaft and
be engaged by tension wheel 120.

As seen in Fig. 11, system 5 may be used to
close a tear 125 in a neniscus 130 using a plurality
of anchors 10 and a suture 15. More particularly,
and |ooking now at Figs. 11-18, sharp point 95 of
inserter 20 is advanced into neniscus 130, across
tear 125, and then out the far side of neniscus 130.
Then the leading anchor 10 in lunmen 90 (i.e., anchor
10A in Fig. 18) is ejected from elongated shaft 85.
This is done by advancing drive shaft 115 (e.g., wth
| ever 110) so that the leading anchor 10 has its fin
80 forced past small projection 106 in slot 105,
whereby to release the anchor from the inserter. As
the leading anchor 10 is ejected from lunmen 90,
suture 15 initially resides in wide section 45 of
di stal slot 40. However, by holding suture 15 under

tension as anchor 10 is forced out of lunmen 90 by
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drive shaft 115, anchor 10 is turned (i.e., away from
exposed section 97 of elongated shaft 85) and suture
15 is forced into narrow section 50 of distal slot
40, whereby to secure suture 15 to anchor 10 in a
cleating action. At the same tine, another portion
of suture 15 advances from wi de section 60 of
proximl slot 55 into narrow section 65 of proxinal
sl ot 55. Thus, at this point suture 15 will extend
through narrow section 50 of distal slot 40, recess
75 and narrow section 65 of proximal slot 55 wth
the suture being secured to the anchor by virtue of
the tight binding fit established between narrow
section 50 of distal slot 40 and suture 15.

Then, while keeping suture 15 under tension so
that anchor 10 remains positioned against the far
side of neniscus 130, inserter 20 is wthdrawn back
across the nmeniscus, noved laterally by an
appropriate distance, re-inserted across tear 125,
passed out the far side of neniscus 130, and another
anchor 10 (i.e., anchor 10B in Fig. 18) is deployed.

Again, suture 15 is held under tension as the second
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anchor is deployed on the far side of the neniscus so
that anchor 10 is turned (i.e., away from exposed
section 97 of elongated shaft 85 and suture 15 is
forced into the narrow section 50 of the distal slot
40 of that second anchor, whereby to secure that
second anchor in a cleating action. Again, as this
occurs, another portion of suture 15 advances from
wi de section 60 of proximal slot 55 into narrow
section 65 of proximal slot 55. Thus, at this point
suture 15 will extend through narrow section 50 of
distal slot 40, recess 75 and narrow section 65 of
proximal slot 55 wth the suture being secured to
the anchor by virtue of the tight binding fit
establ i shed between narrow section 50 of distal slot
40 and suture 15.

Thus, the suture length extending between the
first-deployed anchor (i.e., anchor 1C0A in Fig. 18)
and the second-deployed anchor (i.e., anchor 10B in
Fig. 18) is mmintained under tension so as to hold
tear 125 cl osed.

This operation may thereafter be repeated as
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many times as is necessary in order to close the
t ear. See, for exanple, Fig. 19, where six anchors
10, all connected by a single suture 15 are used to

close a tear in the meniscus using a conplex running

stitch. This ability to set a variable nunber of
anchors in the repair procedure, limted only by the
number of anchors held in inserter 20, is a

significant advance in the art.

If desired, a small knot may be formed in the
suture after placement of the last anchor for added
hol di ng strength. However, it should be appreciated
that this knotting step is purely optional and not
required.

It will be appreciated that, since anchors 10
are turned away from exposed section 97 of elongated
shaft 85 during deploynent, the disposition of
el ongated shaft 85 can largely regulate the
di sposition of anchors 10 relative to the neniscus.
Thus, where exposed section 97 of elongated shaft 85
is oriented so that it is in the "6 o' clock”™ or "12

o' clock™ position, the anchor will be set against the
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meni scus with a vertical disposition.
Correspondi ngly, where exposed section 97 of
el ongated shaft 85 is oriented so that it is in the
"3 o' clock” or "9 o'clock" position, the anchor wll
be set with a horizontal disposition (e.g., in the
manner shown in Figs. 11 and 18) . Of course, in sone
situations it my be possible to thereafter adjust
the disposition of an anchor 10 against the neniscus,
e.g., by using a grasper to manually turn the anchor.

In one preferred form of the invention, the
first anchor 10 in inserter 20 may have suture 15
permanently secured thereto, e.g., prior to insertion
of the inserter into the neniscus. By way of exanple
but not limtation, suture 15 may be glued, welded or
ot herw se secured to first anchor 10. Furt hernore
where suture 15 is so secured to first anchor 10, the
termnated suture may termnate substantially wthin
the anchor or it may extend out of the anchor, as
desired.

Significantly, since suture 15 is secured to

each deployed anchor, the failure of any one suture
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stitch does not threaten the integrity of the

remai nder of the repair. Indeed, if a suture stitch
were to fail (e.g., break), it would not disrupt the
intact stitches in the remainder of the repair. The

renoved anchor could then be replaced by two or nore
additional anchors so as to reinforce the repair.

It wll be appreciated that the holding power of
each anchor 10 on suture 15 is a function of the
cleating action provided by that anchor on suture 15.
It wll also be appreciated that this cleating action
is largely a function of the binding interference fit
which is established between the suture and narrow
section 50 of distal slot 40, since the suture nakes
a loose fit through recess 75 and a sliding fit with
narrow section 65 of proximl slot 55. In practice
it has been found that approximately 35 Newtons of
hol ding strength can be provided w thout reducing the
width of narrow section 50 of distal slot 40 to the
poi nt where it becones excessively difficult to
insert the suture into narrow section 50 and/or where

the act of insertion causes danmage to the suture. I'n

I NCUMED- | |



WO 2009/124215 PCT/US2009/039362

_31_

the great majority of cases, a holding strength of
approximately 35 Newtons has been found to be nore
than adequate for neniscal repair.

However, it has also been discovered that, to
the extent that it is desired to provide even greater
holding strength to the system suture 15 can be
twisted on itself during deploynent so as to achieve
hol ding strength of up to 75 Newtons w thout
requiring any change to the diameter of narrow
section 50 of distal slot 40. More particularly, and
| ooking now at Figs. 20-22, sharp point 95 of
inserter 20 is advanced into neniscus 130, across
tear 125, and then out the far side of meniscus 130.
Then, with suture 15 in a relaxed condition, a first
anchor 10A is ejected from lumen 90 of inserter 20 so
that the first anchor 10A sits on the far side of the
meni scus. As this occurs, first anchor 10A will tend
to turn as it exits lumen 90, but suture 15 will tend
to stay in wide section 45 of distal slot 40 and not
enter narrow section 50 of distal slot 40. Thus, at

this point, suture 15 is still relatively free to
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slide relative to first anchor 10A Wth suture 15
still in a relaxed condition, inserter 20 is then

wi t hdrawmn from neniscus 130, noved laterally, re-
inserted across tear 125 and passed out the far side
of nmeniscus 130. Then elongated shaft 85 of inserter
20 is rotated so as to wap the suture around the

i nserter. By way of exanple but not limtation,
inserter 20 may be rotated three revol utions. As
this occurs, there can be sonme gathering of the slack
between first anchor 10A and inserter 20 and/or there
can be sone pay out of the suture stored inside the

i nserter. At this point, a second anchor 10OB is
ejected from lumen 90 of inserter 20 so that second
anchor 10B sits on the far side of the neniscus.
Inserter 20 is then withdrawn back through the

neni scus. Then the suture is tensioned (e.g., wth
tension wheel 120) so that (i) the suture between
anchors 10A and 10B is reduced, so as to close the
tear in the neniscus, (ii) the winding in the suture
is pulled taut, and (iii) the suture is forced into

narrow section 50 of distal slot 40 and narrow
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section 65 or proximal slot 55. As a result, this
approach provides both the aforenentioned cleating
action provided by capturing the suture within narrow
section 50 of distal slot 40, and also a supplenental
securing action provided by the suture which has been
wound on itself. In practice, it has been found that
this dual effect provides approximately 75 Newtons of
hol di ng strength.

Thereafter, additional anchors may be provided
as needed so as to close the tear.

Figs. 23 and 24 show an alternative construction
for anchor 10. More particularly, wth the
construction shown in Figs 23 and 24, the distal and
proxi mal portion of elongated body 25 are cut back on
the "top" of the anchor, and recess 75 is elongated
relative to distal slot 40 and proxi mal slot 55.

Thus, the present invention provides a neniscal
repair system which conprises a plurality of anchors
that ride over a single suture strand, which can be
singly deployed within the body, with each single

anchor acting as an independent fixation point for the
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suture strand. The ability to lock the suture wthin
each anchor (such as with the cleating feature
provided for each anchor) provides the ability for
each anchor to act as an independent fixation point
for the suture strand. Furthernore, these independent
fixation points allow the suture, running from one
anchor to the next anchor, to act as an independent
suture stitch. Additionally, the entire contiguous
repair construct consists of multiple independent
suture stitches extending between nultiple adjacent
anchors, with the construct such that if one or nore
stitches are damaged or becone |oose or disengaged
from an anchor, the other suture stitches are
unaf f ect ed. Also, the ability to individually tighten
each suture stitch (i.e., the suture strand extending
bet ween adj acent anchors) by drawing the suture
t hrough the deployed anchor' s locking feature permts
the desired suture tension to be achieved

The present invention provides the ability to
position variable suture patterns across the torn

meni scus in a contiguous fashion. Significantly, the
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repairing construct can have nore than two points of
fixation to the meniscus using a single strand of
suture, and does not require any suture tying.

Also, the present invention provides the ability
to renove an anchor from a deployed suture construct
wi t hout disrupting previously-deployed anchors. Thi s
woul d be acconplished by sliding the dislodged inplant
along the suture strand outside of the body and
breaking or cutting the inplant w thout danmaging the
suture. The user can then continue to deliver
subsequent inplants from the sanme device to conplete
the repair.

And the present invention provides the ability to
cut the suture strand after two or nore inplants have
been deployed into the body, and then secure the
depl oyed suture strand to the l|eading anchor in the
inserter (e.g., by knotting) so that the user can
continue to deploy subsequent unused anchors still
residing within the inserter as part of the repair

construct
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The present invention provides a gating mechanism
for singly deploying each anchor from the inserter,
e.g., fin 80, slot 105 and projection 106.

Furthernore, the present invention provides an
approach for wapping or twisting the suture around
the inserter prior to ejection of an anchor so as to
form a suture loop around the suture emanating from
the anchor, so that subsequent tightening of the
suture through the anchor draws the wapped suture
| oop towards the anchor and further secures the suture

to the anchor.

Modi fi cati ons

It should be understood that many additional
changes in the details, mterials, steps and
arrangenents of parts, which have been herein
described and illustrated in order to explain the
nature of the present invention, my be nmade by those
skilled in the art while still remaining within the

principles and scope of the invention.
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VWat Is Clained Is:

1. An anchor for securing suture to tissue, the
anchor conpri si ng:

an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proximally into the elongated body, and the
proxi mal end having a proximal slot extending distally
into the body;

the distal slot conprising a wide section and a
narrow section, wherein the wide section has a width
such that the suture is slidably accommpbdated therein
and the narrow section has a width such that the
suture is bound therein, and further wherein the w de

section is disposed distally of the narrow section.

2. An anchor according to claim 1 wherein the

distal slot is aligned with the proximl slot.

3. An anchor according to claim 1 wherein the

proxi mal slot conprises a wide section and a narrow
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section, and further wherein the narrow section has a
width such that the suture is slidably accommodated

therein .

4. An anchor according to claim 2 wherein the
el ongated body further conprises a recess, and further
wherein the recess is dianetrically opposed to the

distal slot and the proximl slot.

5. An anchor according to claim 4 wherein the
recess conmunicates with the wi de section of the
distal slot, the narrow section of the distal slot and

the proximl slot.

6. An anchor according to claim 1 wherein the

el ongated body is generally cylindrical.

7. An anchor according to claim 1 wherein the

el ongated body is non-tubul ar.
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8. An anchor according to claim 1 wherein the

el ongated body further conprises a fin.

9. An anchor according to claim 8 wherein the

fin is aligned with the distal slot.

10. A system conpri sing:
a suture;
at | east one anchor, the anchor conprising:
an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proximally into the elongated body, and the
proxi mal end having a proximal slot extending distally
into the body;
the distal slot conprising a wide section
and a narrow section, wherein the wide section has a
width such that the suture is slidably accomopdated
therein and the narrow section has a width such that
the suture is bound therein, and further wherein the
wi de section is disposed distally of the narrow

secti on;
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wherein the suture is initially disposed wthin
the wide section of the distal slot of the at | east
one anchor so that the suture is slidable relative to

the at |east one anchor.

11. A system according to claim 10 wherein the
suture is thereafter disposed within the narrow
section of the distal slot so as to bind the suture to

t he anchor.

12. A system according to claim 10 conprising a
plurality of anchors, and further wherein, for each
anchor, the suture is initially disposed within the
wi de section of the distal slot so that the suture is

slidable relative to the plurality of anchors.

13. A system according to claim 10 conprising a
plurality of anchors, and further wherein, for each
anchor, the suture is thereafter disposed within the
wi de section of the distal slot so as to bind the

suture to the plurality of anchors.
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14. A system according to claim 13 wherein the
tension in the suture between each pair of anchors is
i ndependent of the tension in the suture between every

ot her pair of anchors.

15. A system according to claim 10 further
conprising an inserter,

wherein the inserter conprises a hollow el ongated
shaft having a sharp point disposed eccentric to the
| ongi tudinal axis of the hollow elongated shaft;

and further wherein the suture and the at |east
one anchor are disposed within the lumen of the holl ow

el ongated shaft.

16. A system according to claim 15 wherein the
inserter further conprises a drive shaft novably
di sposed within the lunmen of the hollow el ongated
shaft so as to selectively eject the at |east one

anchor from the lunen of the hollow elongated shaft.
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17. A system according to claim 16 wherein the
inserter further conprises an element for engaging an
anchor noving through the hollow elongated shaft and
retarding mnovenent of the at |east one anchor through

the lumen of the hollow elongated shaft.

18. A system according to claim 16 wherein the
at |l east one anchor conprises a fin, wherein the
hol | ow el ongated shaft comprises a slot for receiving
the fin, and further wherein the elenent conprises a

projection into the slot.

19. A system according to claim 15 wherein the
inserter conprises a tensioning elenent for tensioning

the suture.

20.. A nethod for securing a first element to a
second elenment, the method conmprising the steps of:
providing a system conprising:

a suture;
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at |least two anchors, each anchor
conprising :
an el ongated body having a distal end
and a proximal end, the distal end having a distal
slot extending proximally into the elongated body, and
the proximal end having a proximl slot extending
distally into the body;
the distal slot conprising a w de
section and a narrow section, wherein the w de section
has a width such that the suture is slidably
accomopdated therein and the narrow section has a
width such that the suture is bound therein, and
further wherein the wi de section is disposed distally
of the narrow section;
wherein the suture is initially disposed
within the wide section of the distal slot of each of
the at least two anchors so that the suture is
slidable relative to the at least two anchors; and
an inserter, the inserter conprising a hollow
el ongated shaft having a sharp point disposed

eccentric to the longitudinal axis of the hollow
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el ongated shaft, and further wherein the suture and
the at least two anchors are disposed within the |unen
of the hollow elongated shaft

passing the inserter through the first object and
the second object so that the sharp point of the
inserter resides on the far side of the second object;

ejecting the first anchor on the far side of the
second object;

tensioning the suture so that the suture is drawn
into the narrow section of the distal slot of the
first anchor, whereby to bind the suture to the first
anchor;

withdrawing the inserter out of the first object
and the second object;

noving the inserter |aterally;

passing the inserter back through the first
object and the second object so that the sharp point
of the inserter resides on the far side of the second
obj ect;

ejecting the second anchor on the far side of the

second object;
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tensioning the suture, and wthdrawing the
inserter out of the first object and the second
object, so that the suture is drawn into the narrow
section of the distal slot of the second anchor,

whereby to bind the suture to the second anchor.

21. A method according to claim 20 wherein the
system conprises a third anchor, and further wherein
the nethod conprises the additional steps of:

noving the inserter |aterally;

passing the inserter back through the first
object and the second object so that the sharp point
of the inserter resides on the far side of the second
obj ect;

ejecting the third anchor on the far side of the
second object;

tensioning the suture, and wthdrawi ng the
inserter out of the first object and the second
object, so that the suture is drawn into the narrow
section of the distal slot of the third anchor,

whereby to bind the suture to the third anchor.
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22. A method according to claim 20 wherein the
suture is held under tension when the first and second
anchors are ejected on the far side of the second

obj ect .

23. A method according to claim 20 wherein the
inserted is rotated while disposed in the first object
and the second object so as to wind the suture around

the hollow elongated shaft of the inserter.

24. A method according to claim 20 wherein the
suture is drawn into the narrow section of the dista
slot of the third anchor after the inserter is

wi thdrawmn fromthe first and second objects.

25. A method according to claim 20 wherein the
first object conprises a first portion of the meniscus
and the second object conprises a second portion of

t he neni scus.
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26. A system for securing suture to tissue, the
system conpri si ng:
an anchor, the anchor conprising:
an elongated body having a distal end and a
proxi mal end, the distal end having a distal slot
extending proximally into the el ongated body;
the distal slot conprising a wide section
and a narrow section, wherein the wide section has a
width such that the suture is slidably accommopdated
therein and the narrow section has a width such that
the suture is bound therein, and further wherein the
wi de section is disposed distally of the narrow

section .

27. A method for securing a first object to a
second object, the nmethod conprising the steps of:

passing a first anchor having a strand of suture
slidably nmounted thereto through the first object and
the second object at a first |ocation;

securing the strand of suture to the first

anchor;
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passi ng a second anchor having the strand of
suture slidably mounted thereto through the first
obj ect and the second object at a second |ocation; and
securing the strand of suture of suture to the

second anchor under tension.
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