Office de la Propriete Canadian CA 2255911 C 2003/02/04

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 255 91 1
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1998/02/12 (51) Cl.Int.%/Int.CI.° AB1B 17/04
(87) Date publication PCT/PCT Publication Date: 1998/10/08| (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2003/02/04 HZARDIL JOSEE., US

. : - . 4 (73) Proprietaire/Owner:
(85) Entree phase nationale/National Entry: 1998/11/24 ETHICON INC.. US
(86) N° demande PCT/PCT Application No.: US 1998/002885

o o (74) Agent: OGILVY RENAULT

(87) N° publication PCT/PCT Publication No.: 1998/043544
(30) Priorite/Priority: 1997/04/03 (08/825,760) US

54) Titre : SYSTEME ET PROCEDE POUR SUTURE SANS NOEUD
(54) Title: KNOTLESS SUTURE SYSTEM AND METHOD

(57) Abrége/Abstract:

A system for anchoring tissue to bone includes a suture anchor (12), a first loop of suture thread (14) attached to the suture
anchor (12), a suture needle (16), and a second loop of suture thread (18) which Is attached to the suture needle (16). The first
and second suture loops (14, 18) are interlocked with one another. The suture needle (16) can be of a conventional type useful

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2255911 C 2003/02/04

anen 2 255 911
13) C

(57) Abréege(suite)/Abstract(continued):
In open surgical procedures, or a type useful in closed surgical procedures that iIs formed on the end of an elongate tool. A
method for anchoring soft tissue to bone using the system Is also provided.



CA 02255911 1998-11-24

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification  : | (11) International Publication Number: WO 98/43544
A61B 17/04 | Al . i
(43) International Publication Date: 8 October 1998 (08.10.98)
(21) International Application Number: PCT/US98/02885 | (81) Designated States: AU, BR, CA, CN, IL, JP, MX, RU,
European patent (AT, BE, CH, DE, DK, ES, Fi, FR, GB, |
(22) International Filing Date: 12 February 1998 (12.02.98) GR, IE, IT, LU, MC, NL, PT, SE).
(30) Priority Data: Published
08/825,760 3 April 1997 (03.04.97) US With international search report.

(71) Applicant: ETHICON, INC. [US/US}; 60 Glacier Drve, | N
Westwood, MA 02090 (US).

(72) Inventor: LIZARDI, José, E.; 3 Kayla Drive, Franklin, MA
02038 (US).

(74) Agents: GEARY, William, C., III et al.; Nutter, McClennen
& Fish, LLP, One International Place, Boston, MA 02110
(US).

| (54) Title: KNOTLESS SUTURE SYSTEM AND METHOD

(57) Abstract W

| A system for anchoring tissue to bone includes a suture anchor (12), a first loop of suture thread
(14) attached to the suture anchor (12), a suture needle (16), and a second loop of suture thread (18)

which is attached to the suture needie (16). The first and second suture loops (14, 18) are interlocked V '/

4 with one another. The suture needle (16) can be of a conventional type useful in open surgical 30

procedures, or a type useful in closed surgical procedures that is formed on the end of an elongate

tool. A method for anchoring soft tissue to bone using the system is also provided.
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KNOTLESS SUTURE SYSTEM AND METHOD

FIELD OF THE INVENTION

The 1nvention relates to a knotless suture system for attaching soft

tissue to bone and to methods for attaching soft tissue to bone.

BACKGROUND OF THE INVENTION

Soft tissues, such as ligaments, tendons and muscles, are attached to a

large portion of the human skeleton. In particular, many ligaments and

tendons are attached to the bones which form joints, such as shoulder and
knee joints. A variety of injuries and conditions require attachment or
reattachment of a soft tissue to bone. For example, when otherwise healthy
tissue has been torn away from a bone, surgery is often required to reattach
the tissue to the bone to allow healing and a natural reattachment to occur.

A number of devices and methods have been developed to attach soft
tissue to bone. These include screws, staples, cement, suture anchors, and
sutures alone. Some of the more successful methods involve use of a suture
anchor to attach a suture to the bone, and tying the suture in a manner that
holds the tissue in close proximity to the bone.

The tissue may be attached to the bone during open surgery, or during

closed (e.g., arthroscopic) surgical procedures. Closed surgical procedures

are preferred since they are less invasive and are less likely to cause patient

trauma. In a closed surgical procedure, the surgeon performs diagnostic and
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therapeutic procedures at the surgical site through small incisions, called
portals, using instruments specially designed for this purpose. One problem
encountered 1n the less invasive, closed surgical procedures is that the surgeon

has significantly less room to perform the required manipulations at the

- surgical site. Thus, devices and methods are needed which will allow a

surgeon to effectively and easily attach tissue to bone in the small spaces
provided by less invasive surgical procedures. - -

Conventional methods for attaching soft tissue to bone typically require
that the surgeon tie a knot in the suture thread to attach the suture to an
anchor, or to attach the tissue to the bone using the suture. Knot tying at the
surgical site in closed surgical procedures, and even in open SUrgery, is
difficult and time consuming due to inherent space constraints. Further, knots
and other bulky attachment means can irritate tissue over time.

Knotless suture anchor systems have been developed for use with
closed surgical procedures, and U.S. Pat. No. 5,569,306 provides one
example of such a system. Although generally useful, such systems can be
limited to use only with certain types or shapes of tissue, or to use with
certain anatomical structures. Proper attachment of soft tissue requires that it
be placed in the anatomically correct position to promote optimal healing.

Alternatively, conventional knotless suture anchor systems may require,
in order to attach a broader array of tissue shapes to bone, that the suture
anchor pass though the tissue to be attached. This is undesirable because it
unnecessarily irritates the injured tissue and it requires opening a much larger
hole in the tissue.

There 1s thus a need for an improved system for anchoring soft tissue

to bone which reduces or eliminates the need to tie suture knots at the surgical

site.
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SUMMARY OF THE INVENTION

The present invention provides a system for anchoring tissue to bone
including a suture anchor, a first suture loop attached to the suture anchor, a
suture needle and a second suture loop attached to the suture needle and
interlocked with the first suture loop. The second suture loop may be formed
by attaching two free ends of a length of suture thread directly to the suture
needle, or by attaching the two free ends within a suture closure which may -
then be attached to the suture needle. A method 1s also provided by which a
detached tissue may be securely attached to bone in an anatomically correct
position without the need to tie a knot.

In an exemplary embodiment, the system includes a substantially
cylindrical suture anchor having opposed deformable barbs. The first suture
loop 1s attached to a trailing end of the suture anchor and 1s interlocked with

the second suture loop. The second suture loop 1s attached to a trailing end of

the suture needle.

In an embodiment that is particularly useful in closed surgery, the
second suture loop is formed using a suture loop closure and 1s attached to a
hollow suture needle by means of a slot provided in a wall of the hollow
needle. This embodiment may also employ an actuator, disposed within the
hollow needle, which can be selectively deployed to disengage the second
suture loop from the needle. The hollow needle used with this embodiment
preferably is part of an elongate tool, such as a suture inserter, that is useful
in closed surgical procedures. The hollow needle typically forms the distal
end of such a tool. |

The system may be used 1n a method wherein the suture needle and the
attached second suture loop are passed through a detached segment of tissue.
The second suture loop 1s pulled through the detached tissue until a portion of
the interlocked first suture loop extends through the detached tissue. The

suture anchor is then passed through the portion of the first suture loop which

-3-
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extends though the detached tissue and into a preformed bore in the bone to
which the detached tissue 1s to be secured. The detached tissue is thereby
attached to the bone in the desired position.

The term "suture needle" 1s used herein to encompass both conventional
suture needles, used in open surgical procedures, as well as suture needles that
may form a hollow, distal end of an elongate tool useful with closed surgical
procedures. )

Further features of the invention, its nature and various advantages,
will be more apparent from the accompanying drawings and the following

detailed description of the drawings and the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an elevated view of an exemplary suture anchor system of the
Invention;

FIG. 2 1s a view of a suture anchor and a separate first suture loop;

FIG. 3 1s a view of the first suture loop of FIG. 2 engaged with the
suture anchor of FIG. 2;

FIG. 4 is a partial view of a second suture loop with a suture loop

closure;

FIG. 5 1s a partial view of the second suture loop and suture loop
closure of FIG. 4 engaged with a suture needle;

FIG. 6 is a view of a portion of the suture anchor system engaged with
a detached tissue;

FIG. 7 is a view of a portion of the suture anchor system before the

suture anchor is inserted into a bone:

FIG. 8 1s a view of a portion of the suture anchor system showing the

first suture loop being positioned;
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FIG. 9 is a view of a portion of the suture anchor system partially
inserted into a bone; and

FIG. 10 is a view of a tissue attached to a bone using the system and

method of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, a system 10 for anchoring tissue to bone in
accordance with the invention 1s shown. The system includes a suture anchor
12, a first suture loop 14 attached to the suture anchor 12, a suture needle 16
and a second suture loop 18 attached to the suture needle 16. The first suture
loop 14 and the second suture loop 18 are interlocked with each other. The
system may also include an anchor insertion tool 20.

The suture anchor 12 has a first, bone penetrating end 22 and a second
trailing end 24. In the exemplary embodiment shown in FIG. 1, the suture
anchor 12 is substantially cylindrical in shape and the first end 22 forms an
apex. The exemplary suture anchor 12 additionally comprises two opposed
deformable barbs 26, 28 extending from a side wall of the suture anchor 12.
More or fewer deformable barbs may be provided as desired to ensure proper
retention of the suture anchor 12 within a bone. As further shown in FIG. 1,

the deformable barbs 26, 28 may extend toward the second end 24 such that

each barb defines an angle with a longitudinal axis of the anchor member that
1s between about 10° and 90°, and preferably about 30°. It will be
understood that other suture anchor configurations may be used consistent with
the practice of the invention. '

The first suture loop 14 may be suitably attached to the suture anchor
12 through a hole or holes provided in the body of the suture anchor 12 or by
a suture retaining slot formed within the body of the suture anchor 12. In the
exemplary suture anchor 12, the first suture loop is attached in proximity to

the second end 24 of the suture anchor 12 and portions of first suture loop 14
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extend past the second end 24 on opposed sides of the suture anchor 12.
Grooves (not shown), suitable for seating portions of the first suture loop 14,
may be provided in the suture anchor 12 extending from the point of
attachment of the first suture loop 14 to the second end 24.

In an additional embodiment, the first suture loop 14 may be attached
to the suture anchor 12 as illustrated 1n FIGS. 2 and 3. In FIG. 2, the first
suture loop 14 1s shown separate from the suture anchor 12. The first suture
loop 14 is formed from a length of suture thread by tying the two free ends of
the thread into a knot 30. It will be understood that other methods of
attaching the two free ends, including the use of suture loop closure devices as
further described below with regard to the second suture loop, may be used.

The suture anchor 12 of FIG. 2 is provided with a through-hole 32
proximate to the second end 24. The hole 32 is adapted, by providing varying
diameters within the hole 32, to retain the first suture loop 14. In the
embodiment shown in FIG. 2, the diameter within the hole 32 is varied by
providing an annular collar 34 therein. The inner diameter 36 of the annular
collar 34 is large enough to allow the unknotted portion of the first suture loop
14 to pass through the inner diameter 36. The inner diameter 36 is small
enough, however, to prevent the knot 30 from passing through the hole 32.
When the unknotted portion of the first suture loop 14 is drawn through the
hole 32, as illustrated in FIG. 3, the knot 30 is retained by the annular collar
34 and the first suture loop 14 is thereby attached to the suture anchor 12.

As can further be seen by reference to FIG. 3, the second end 24 of the
suture anchor 12 may be provided with a mating feature 38 for mating the
suture anchor 12 to the anchor insertion tool 20. As illustrated, the mating
feature 38 is a bore formed in the second end 24 of the suture anchor 12.
Other configurations may be used as required.

The first suture loop 14 may be constructed from thread suitable for use

as a suture. A variety of suture materials are well known to those of ordinary

-6-
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skill in the art. Exemplary materials include braided polyester and
polydioxanone (PDS).

The length of the first suture loop 14 may be determined by a person of
ordinary skill in the art depending upon the specific application of the system.
This dimension depends, to a large extent, upon the dimensions of the tissue
to be attached, the type of surgery to be performed, and whether an open or
closed surgical technique is to be used. By way of example, the length of the
first suture loop may range from about one quarter to one and one half inches
in procedures to repair a Bankart lesion or a rotator cuff tear. In an
exemplary embodiment as used in the method described hereinbelow, the
length of the first suture loop 14 is about one half inch.

Referring again to FIG. 1, the suture needle 16 has a first, tissue
penetrating end 40 and a second trailing end 42. The size and shape of the
needle used with the system of the invention may be selected by a person of
ordinary skill in the art depending upon the specific application of the system,
and in particular, depending upon whether the system 1s used in an open or
closed (e.g., arthroscopic) surgical procedure. Generally, needle 16 is at least
shightly curved.

In the exemplary embodiment of FIG. 1, which 1s typically used 1n
open surgical procedures, the second suture loop 18 1s attached to the suture
needle 16 at the second end 42 of needle 16. One of ordinary skill in the art
will appreciate that a number of techniques can be utilized to join the second
suture loop 18 to the suture needle 16. For example, the second end 42 of the
suture needle 16 can be hollowed so that two free ends of suture thread may
be inserted therein. The hollowed end is then crimped to securely retain the
two ends of suture thread within the second end 42 of the needle 16, thus
creating the second suture loop 18.

In alternative embodiment, shown 1n FIGS. 4 and 5, that 1s particularly

suited for use in closed surgical procedures the second suture loop 18 may be

.-7-
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attached to the needle 16a by means of a suture loop closure 44. Referring
now to FIG. 4, the second suture loop 18 may be formed by attaching two
free ends of a length of suture thread within a suture loop closure 44. The
suture loop closure 44 may consist of a metal tube having an internal diameter
large enough to admit two ends of suture thread. The two free ends of the
suture thread are then entered into the suture loop closure 44 and the suture
loop closure 44 is crimped to retain the ends of the suture thread and form the
second suture loop 18. It will be understood that the suture loop closure 40
may take other forms, including a knot tied with the two free ends of the
suture thread.

A second suture loop 18, having a suture loop closure 44, may be
attached to a suture needle 16a as shown in FIG. 5. In this exemplary
embodiment, the suture needle 16a is a hollow member, having an open distal
end 40, one wall of which includes a tissue-penetrating edge or point 41. A
slot 46 is formed in the wall of the distal end of the needle, preferably
opposite point 41. The slot 46 has an open end 43 that communicates with the
open distal end 40 of the suture needle 16a and an opposite, closed end 45.
The slot 46 is wide enough to slidably engage the second suture loop 18, but
narrow enough to retain the suture loop closure 44 on one side of the slot 46.
The second suture loop 18 is then attached to the suture needle 16a by placing
the suture loop closure 44 inside the open first end 40 of the hollow suture
needle 16a and sliding the suture loop closure 44 and the attached second
suture loop 18 within the slot 46 to the closed end thereof.

The hollow suture needle 16a of FIG. 5 may also include an internally
disposed actuator 48. The actuator 48 may be a rod that is selectively slidable
within the hollow suture needle 16a between a first position, in which the
actuator 48 1s inside the hollow needle 16a and does not reach the slot 46, and
a second position (not shown), in which the actuator 48 extends past the slot

46. Selectively sliding the actuator 48 from the first position to the second

.
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position causes the actuator 48 to contact the suture loop closure 44 (and the
attached second suture loop 18), causing closure 44 to slide the length of slot
46 and become disengaged from the needle 16.

Suture needle 16a, as noted above, 1s well suited for use in closed
surgical procedures. The suture needle 16a may form the distal end of an
elongate suture inserter tool (e.g., an arthroscopic, laparoscopic or endoscopic
tool) that 1s useful in closed surgical procedures. -

The second suture loop 18, like the first suture loop 14, may be
constructed from well known materials suitable for use as a suture. The
length of the second suture loop may be determined by a person of ordinary
skill in the art depending upon factors such as the dimensions of the tissue to
be attached, the type of surgery to be performed, and whether an open or
closed surgical technique 1s to be used. For example, the length of second
loop 18 is generally in the range of about 20 to 40 inches, and more
preferably about 30 to 36 inches for closed surgical procedures. Open
surgical procedures can utilize a smaller length for second loop 18, in the
range of about 6 to 12 inches and more preferably 8 to 10 inches.

It is understood that various anchor insertion tools may be used with
the system of the present invention. FIG. 1 illustrates an exemplary insertion
tool 20, the distal end 50 of which 1s removably mated with the second end 24
of the suture anchor 12. In some embodiments, the suture anchor 12 may be
removably pre-mated to the distal end of the insertion tool.

The system of the invention for anchoning tissue to bone may be used
in the method described hereinbelow. For purposes of illustration, FIGS. 6-
10 depict the method in the context of arthroscopic shoulder repair, more
specifically, attaching a detached labrum (as might result from a Bankart
lesion or rotator cuff tear) to the glenoid rim of a scapula. It will be

understood, however, that the system and method described herein are equally

- applicable to connecting detached tissue in other contexts as well.

.
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Referring to FIG. 6, a bore 52 is formed in a bone 54. The bore 52
must be of sufficient length to allow for adjustment of the position of the
suture anchor after insertion in order to adjust the tightness of the first suture
loop. The actual length of the bore 52 will depend upon the length of the first
suture loop and the thickness of the detached tissue 56. The suture needle 16
1s then passed through the detached tissue 56.

Referring to FIG. 7, the suture needle 16 and the attached second -
suture loop 18 are pulled through the detached tissue 56 to advance the
interlocked first loop 14 through the tissue. If the procedure is being
performed arthroscopically, the suture needle 16a and the tool with which it is
associated will be pulled from, and exit through, an exit portal (not shown).

Alternatively, in embodiments that utilize the needle 16a, shown in
FIG. 5, the needle 16a may penetrate the detached tissue 56. The actuator 48
1s then selectively moved so as to disengage the suture loop closure 44 and the
attached second suture loop 18 from the needle 16a. The suture needle 16a
may then be withdrawn from the patient’s body from the portal through which
the needle entered. A suture grasper or retrograder (not shown) may be used
to pull the remaining portion of the second loop 18 through the detached tissue
56. .

The first suture loop 14 is positioned over the bore 52 by manipulating
the position of the second suture loop 18. Once the first suture loop 14 is
properly positioned, the second suture loop 18 can be cut and discarded along
with the suture needle 16. As shown in FIG .. 8, fine positioning adjustments
to the first suture loop 14 may be made using a suitable tool such as a suture
retriever 58 once the second suture loop 18 is cut and discarded.

Proper positioning of first suture loop 14 1s important to enable suture
anchor 12 to be passed therethrough as shown in FIGS. 8 and 9. That is, the
trajectory of the suture anchor 12 is aligned with the bore 52 and the portion

of the first suture loop 14 which is positioned over the bore while the suture

-10-
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anchor 12 is inserted through the first suture loop 14 and partially into the

bore 52. Once the anchor 12 is inserted into bore 52, the insertion tool 20

may be removed.

Referring to FIG. 10, when the suture anchor 12 1s properly advanced
Into the bore 52 and set, there results a snug, anatomically correct attachment
of the detached tissue 56 to the bone 54.

It will be understood that the foregoing is only illustrative of the -
principles of the invention, and that various modifications can be made by
those skilled in the art without departing from the scope and spirit of the

invention.

-11-
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What is claimed is:
l. A system for anchoring tissue to bone, comprising:
a suture anchor having a first, bone-engaging end and a seéond, trailing end;
a first loop of suture thread attached to the suture anchor;
a suture needle having a first, tissue penetrating end and a second, trailing
end; and
a second loop of suture thread attached to the suture needle;

the first and second loop of suture thread being interlocked with one another.

2. The system of claim 1, wherein the second loop comprises a suture loop

closure and a length of suture thread having two free ends, the two free ends being

attached to and secured within the suture loop closure.

3. The system of claim 2, wherein the suture needle comprises:

a hollow needle member having an open distal end and a proximal end, the
needle member having a substantially cylindrical outer wall;

a tissue penetrating edge formed at the distal end on one portion of the outer
wall; and

a slot formed on the distal end, on a portion of the outer wall opposite the
tissue penetrating edge, the slot having an opening communicating with the open
distal end and the slot being adapted to receive and selectively secure the suture loop

closure.

4. The system of claim 3, further comprising an actuator member disposed
within the needle member, the actuator member being selectively slidable between a

first position, wherein the actuator is located entirely within the hollow needle and

3. The system of claim 4, wherein the actuator member is an elongate rod.

-12-
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6. The system of claim 1, wherein the first loop is attached to the second end of

suture anchor.

7. The system of claim 1, wherein the first loop comprises a length of suture
thread having two ends, the two ends attached to each other by a suture loop

closure.

8. The system of claim 7, wherein the suture anchor has a hole proximate the
second end of the suture anchor, the holé having an inner diameter adapted to allow

the first loop to pass through the hole while preventing the suture loop closure from

passing through the hole.

9. The system of claim 1, wherein the suture anchor is substantially cylindrical

and has at least one deformable barb extending from a side wall thereof.

10.  The system of claim 9, wherein the suture anchor has two opposed
deformable barbs extending proximally such that each barb defines an angle with a

longitudinal axis of the suture anchor that is between about 10° and 90°.

11.  The system of claim 9, wherein the first loop is attached to the suture anchor

approximately 0.05 to 0.15 toward the second, trailing end of the suture anchor in
relation to a trailing end of the deformable barb.

12, The system of claim 1, wherein the second loop 1s attached to the second end

of the suture needle.

13.  The system of claim 12, wherein the second loop 1s attached to the suture
needle by securing two free ends of suture thread within a hollow formed within the

second end thereof.

-13-
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14. The system of claim 1, further comprising a suture anchor insertion tool, the
tool being in the form of an elongate member having a proximal, handle end and a

distal end which is removably and replaceably matable with the second end of the

suture anchor.

15.  The system of claim 1, wherein the length of the second loop is in the range
of about 20 to 40 inches.

16.  The system of claim 1, wherein the length of the first loop is in the range of
about 0.25 to 1.50 inches.

7. The system of claim 3 wherein the needle member is disposed at the end of a

suture inserter.

-14-
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