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fixation of soft tissue (for example, ligament) to bone
is a ligament fixation system consisting of a larger
collar (20, 120) that is initially impacted into a bone
aperture, and a smaller plug/bullet-shaped part (30,
130) that is impacted into the larger collar. During
ligament repair/reconstruction, the graft (90) is inser-
ted into a bone tunnel with sutures (95) from the graft
extending outside the tunnel. The sutures are passed
through a collar of the multi-part device and the col-
lar (20, 120) is then inserted into the bone tunnel.
The graft suture strands may be tensioned. Sub-
sequently, the smaller plug/bullet-shaped part is im-
pacted into the collar thereby maintaining the tension
on the graft sutures. The plug/bullet-shaped part is
tightened after the desired tension on the suture is
achieved.
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LIGAMENT FIXATION DEVICE AND METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to the field of surgery and, more particularly, to a

new fixation device for ligament reconstruction.

BACKGROUND OF THE INVENTION

[0002] When soft tissue such as ligament or tendon becomes detached from bone, surgery
is usually required to reattach or reconstruct the tissue. Often, a tissue graft is attached
to the bone to facilitate regrowth and permanent attachment. Techniques and devices
that have been developed generally involve tying the soft tissue with suture to an
anchor or a hole provided in the bone. Knotless suture anchors, such as the two-piece
Arthrex PushLock® anchor, disclosed in U.S. Patent No. 7,329,272, have been

developed to facilitate tissue fixation to bone.

[0003] There is a need for improved anchor assemblies and constructs, as well as methods
of fixating tissue (for example, ligament) within a socket or tunnel of a bone with such
improved anchor assemblies. Also needed are methods of tissue fixation wherein
suture tension is conducted and maintained initially and before the final fixation of the
construct to or into bone. Methods of sealing off a bone aperture /tunnel/socket to

contain biologics such as blood, bone marrow, growth factors, etc. are also needed.
SUMMARY OF THE INVENTION

[0004] The present invention provides systems and methods for providing fixation of soft
tissue (for example, ligament) to bone by employing a novel multi-piece device. The
novel ligament fixation device is a multi-piece device consisting of a larger collar that
is initially impacted into a bone aperture, and a smaller plug/bullet-shaped part that is

impacted into the larger collar.
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[0005] During ligament repair/reconstruction, the collar is inserted into a bone tunnel and
the graft is then inserted through the collar with the graft whip-stitching coming out of
the collar. The graft suture strands are tensioned. Subsequently, the smaller
plug/bullet-shaped part is impacted into the collar thereby maintaining the tension on
the graft sutures. The plug/bullet-shaped part is tightened after the desired tension on
the suture is achieved and confirmed by a tensioner, for example. Final fixation is
achieved when the ligament sutures are tied over the front of the plug/bullet with the
sutures laying in a groove/slot in the plug/bullet. The system can also be used with

knotless fixation devices such as Arthrex ACL TightRope® product line.

[0006] The novel multi-piece anchor system (TensionlLock device) maintains suture
tension initially and before final fixation. The device also seals off the
aperture/opening of the bone tunnel/socket to contain fluids, blood and/or bone
marrow, and impart healing properties to the overall repair. The device may be

provided in various sizes, for example, 7mm, 8mm, 9mm, etc.

[0007] These and other features and advantages will become apparent from the
following description that is provided in connection with the accompanying drawings

and illustrated embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates an exemplary anchor assembly of the present invention (showing

two components in an unassembled state).
[0009] FIG. 2 illustrates an enlarged view of the exemplary anchor assembly of FIG. 1.

[0010] FIG. 3 illustrates the exemplary anchor assembly of FIG. 1 with the components in

the assembled state.

[0011] FIG. 4 illustrates the exemplary anchor assembly of FIG. 3 in the vicinity of a

bone tunnel or socket.



CA 02972993 2017-07-04

WO 2016/123199 PCT/US2016/015091

[0012] FIG. 5 illustrates another exemplary anchor assembly of the present invention

(showing three components in an unassembled state).

[0013] FIGS. 6-12 illustrate subsequent steps of a method of tissue fixation with the
exemplary anchor assembly of FIG. 3 and according to an exemplary embodiment of

the present invention.

[0014] FIG. 13 is a schematic view of a tissue repair with the exemplary anchor assembly
of FIG. 3 and according to an exemplary embodiment of the present invention (with a

TightRope® device).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The present invention provides surgical systems and methods for knotted and

knotless ligament repair and fixation, such as fixation of soft tissue to bone.

[0016] The present invention provides improved anchor assemblies and constructs, as
well as methods of fixating tissue (for example, ligament) within a socket or tunnel of a
bone with such improved anchor assemblies. According to the exemplary methods of
the present invention, tissue fixation is achieved wherein suture tensioning is
conducted and maintained initially and before the final fixation of the construct to or
into bone is achieved. The present invention also provides methods of sealing off a
bone aperture /tunnel/socket to contain biologics such as blood, bone marrow, growth
factors and healing factors, among many others. The anchor assemblies are multi-

piece devices, for example, two- or three- piece devices.

[0017] In an exemplary embodiment, and as detailed below, the systems and methods for
providing fixation of soft tissue (for example, ligament) to bone employ a novel two-
piece device that consists of (i) a larger collar that is initially impacted into a bone
aperture; and (ii) a smaller plug/bullet-shaped part that is impacted into the larger
collar. During ligament repair/reconstruction, the collar is inserted into a bone tunnel

and the graft is then inserted through the collar with the graft whip-stitching coming
3
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out of the collar. The graft suture strands are tensioned. Subsequently, the smaller
plug/bullet-shaped part is impacted into the collar thereby maintaining the tension on
the graft sutures. The plug/bullet-shaped part is tightened after the desired tension on
the suture is achieved and confirmed by a tensioner, for example. At least one or both

pieces of the two-piece device may be formed of PEEK, composite or metal.

[0018] Final fixation is achieved when the ligament sutures are tied over the front of the
plug/bullet with the sutures laying in a groove/slot in the plug/bullet. The system can
also be used with knotless fixation devices such as Arthrex ACL TightRope® product

line.

[0019] In additional embodiments, the novel ligament fixation device is a three-piece
device consisting of (i) a larger bone tunnel compression device in the form of an outer
piece (a “molly’) that is provided with external threads or teeth and with at least one
tensioning spot; (ii) a smaller threaded, smooth, inner sleeve that is configured to be
received within the larger compression device; and (iii) a tapered inner compression
screw that is configured to be received within the smaller inner sleeve. At least one or

all components of the three-piece device may be formed of PEEK, composite or metal.

[0020] The novel Tensionl.ock devices of the present invention maintain suture tension
initially and before final fixation. The devices also seals off the aperture/opening of
the bone tunnel/socket to contain fluids, blood and/or bone marrow, and impart healing
properties to the overall repair. The devices may be provided in various sizes, for

example, 7mm, 8mm, 9mm, etc.

[0021] The present invention also provides methods of fixation of tissue to tissue (for
example, soft tissue to bone) by the steps of: (i) providing a multi-piece anchor
construct including at least a first piece in the form of a large collar and a second piece
in the form of a plug; (ii) inserting a graft through into a bone socket or tunnel so that
sutures attached to the graft exit an aperture of the bone socket or tunnel; (iii) sliding

the first piece over the graft sutures and securing the first piece into the bone aperture
4
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(for example, by impacting the first piece into the bone aperture); (iii) subsequently,
tensioning the graft by pulling on the suture strands; (iv) subsequently, inserting the
second piece into the first piece (for example, by impacting the second piece into the
first piece) while maintaining the tension on the graft sutures; (v) tensioning the graft
sutures and tying graft sutures over the front of the second piece; and (vi) securing the

graft sutures into at least a groove/slot of the second piece to achieve final fixation.

[0022] Referring now to the drawings, where like elements are designated by like
reference numerals, FIGS. 1-13 illustrate exemplary anchor (anchoring) systems or
constructs 100, 200 of the present invention for securement into bone hole 88 formed
within bone 80 and for fixation of tissue 90 within such hole formed within bone 80, to

achieve tissue repair 99.

[0023] Constructs 100, 200 are multi-piece or multi-part anchor systems, for example, a
two-piece construct 100 or a three-piece construct 200. An exemplary two-piece
anchor 100 includes a first piece 20 (first component 20) and a second piece 30
(second component 30) that is inserted within the first piece 20. As shown in FIGS. 1-
4, the first component 20 is a cannulated fixation device in the form of a collar
provided with outer threads 22 or similar structures (for example, barbs, teeth, etc.) and
aridge 24. Full cannulation 21 extends along longitudinal axis 20a of the component

20 and has an inner diameter d1.

[0024] Second component 30 is also a cannulated fixation device which is in the form of a
plug/bullet designed to be inserted within cannulation 21 of the first component 20 and
securely engage the inner surface/walls of the cannulation 21. Second component 30 is
provided with a smooth cylindrical outer wall that allows easy insertion through the
collar 20 (first component 20) and has a full cannulation 31 (to allow passage of tissue
and suture strands, as detailed below). At least one groove/slot 35 is also provided

within a plug collar 33 in the second component 30.
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[0025] Outer diameter d2 of the second component 30 is about equal to inner diameter d1,
to allow secure and tight engagement of the second component 30 within the first
component 20 and obtain assembly 100 (FIG. 3). The length of the first component 20
is about equal to that of the second component 30 so that, when the two components
are engaged with/impacted within each other, the plug collar 33 of the second

component 30 is flush with ridge 24 of the first component 20.

[0026] At least one or the components 20, 30 of the two-piece device 100 may be formed

of PEEK, composite or similar material, or metal.

[0027] During ligament repair/reconstruction, the graft is first inserted and positioned
within a bone tunnel 88 (FIG. 4) with the sutures for the graft whip-stitching coming
out of the bone tunnel. Sutures from the graft are then inserted into the collar 20 and
the collar 20 is inserted/impacted into the bone tunnel 88 (FIG. 4) with the graft sutures
for whip-stitching coming out of the collar. The graft suture strands are tensioned.
Subsequently, the smaller plug/bullet-shaped part 30 is impacted into the collar 20
thereby maintaining the tension on the graft sutures. The plug/bullet-shaped part 30 is
tightened after the desired tension on the suture is achieved and confirmed by a
tensioner, for example. Final fixation is achieved when the ligament sutures are tied
over the front of the plug/bullet 30 with the sutures laying in groove/slot 35 in the
plug/bullet 30.

[0028] The present invention also provides methods of fixation of tissue to tissue (for
example, soft tissue to bone) by inter alia the steps of: (i) providing a multi-part or
multi-piece construct 100 including a first piece 20 in the form of a large collar and a
second piece 30 in the form of a plug/bullet; (ii) positioning tissue graft within a bone
tunnel or socket 88 formed into bone 80 with sutures/flexible strands coming out of
aperture 88a of the bone socket or tunnel 88; (iii) sliding the first piece 20 over the
flexible strands/sutures and inserting the first piece 20 through the bone aperture 88a

and into the bone tunnel or socket 88 (by impacting, for example, the first piece 20 into

6
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the bone aperture 88a); (iv) subsequently, tensioning the graft by pulling on the suture
strands; (v) inserting the second piece 30 into the first piece 20 (by impacting, for
example, the second piece 30 into the first piece 20) while maintaining the tension on
the graft sutures; and (vi) tying graft sutures over the front of the second piece 30 and
securing the graft sutures into at least a groove/slot 35 of the second piece 30 to

achieve final fixation.

[0029] FIG. 5 illustrates another exemplary embodiment of a multi-part construct 200 in
the form of ligament fixation device 200 of the present invention. The three-piece
construct 200 is a three-part anchor system consisting of (i) a larger bone tunnel
compression device in the form of an outer piece 120 (a “molly”) that is provided with
external threads 122 or teeth and with at least one tensioning spot/groove/slit 135; (ii) a
smaller threaded, smooth, inner sleeve 130 that is configured to be received within the
larger bone compression device 120; and (iii) a tapered inner compression screw 140
that is configured to be received within the smaller inner sleeve 130. Optionally, the
system 200 also includes (iv) a tensioner 150. At least one or all components 120, 130,

140 of the three-piece device 200 may be formed of PEEK, composite or metal.

[0030] An exemplary method of tissue repair or reinforcement with exemplary multi-part
construct 200 of the present invention comprises inter alia the following steps: (i) outer
piece is inserted into tibial tunnel (similar to a “molly,” this piece expands against the
inner tunnel with “teeth™ grabbing cancelous bone); (ii) sutures from ACL graft are
brought out tunnel as the second piece 130 (smaller inner sleeve 130) is inserted; and

(iii) screw is then tightened after tensioner confirms desired suture tension.

[0031] The anchor system 100, 200 of the present invention has applicability to any tissue
repair and reconstructions, for example, any attachment of a tissue graft to bone or any
ligament or graft repair and reconstruction, including knee and shoulder repairs but

also small joint repairs of hand and wrist applications such as scapholunate repair, and



CA 02972993 2017-07-04

WO 2016/123199 PCT/US2016/015091

foot and ankle repairs such as lateral ankle, Achilles tendon repair and tendon

reattachment.

[0032] A method of tissue fixation according to the present invention comprises inter alia
the steps of: (i) providing flexible strands such as suture strands; (ii) securing the
flexible strands to the tissue to be fixated; (iii) securing the tissue into a bone tunnel or
socket so that the flexible strands exit an aperture of the bone tunnel or socket; (iv)
sliding the flexible strands through a first part of a multi-part construct, and anchoring
the first part into bone; (v) tensioning the flexible strands through the first part of the
multi-part construct; (vi) anchoring a second part of the multi-part construct into the
first part and into bone; and (vii) tensioning the flexible strands and securing the

flexible strands to the second part.

[0033] FIGS. 6-12 illustrate subsequent steps of a method of tissue fixation with the
exemplary anchor assembly 100 of FIG. 3 and according to an exemplary embodiment

of the present invention, to achieve final repair 99 (FIG. 12).

[0034] FIG. 6: after graft 90 has been inserted and fixed into femur 82, the TensionLock
100 will be applied.

[0035] FIG. 7: Insert the collar 20 of the TensionLock 100 over the graft sutures 95, and

impact into tibia 80 until flush.

[0036] FIG. 8: note the final flush seating of collar 20 to bone 80 and orientation of

sutures 95 are 12 and 6 o’clock.

[0037] FIG. 9: to insert plug 30 of TensionLock 100, begin by ensuring orientation of

sutures 95 must be at 12 and 6 o’clock, as shown.

[0038] FIG. 10: put sutures under tension and impact plug into collar with sutures still at

12 and 6 o’clock to flush.
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[0039] FIG. 11: final flush seating of plug 30 to collar 20 to maintain initial suture tension

(note suture position).

[0040] FIG. 12: final fixation is achieved by tying suture strands 95 together to form knot
96 and so the strands 95 sit into slot 35 of the plug 30. Loose suture ends can now be

trimmed without disturbing knot construct and final repair 99.

[0041] FIG. 13 illustrates a schematic view of another tissue repair 199 with the
exemplary anchor assembly 100 of FIG. 3 (TensionLock 100) and according to an
exemplary embodiment of the present invention, i.e., with a TightRope® device 155.
Graft 90 extends within the femoral and tibial sockets formed within femur 82 and tibia

80, and is secured to the bones by TightRope® device 155 and TensionLock 100.

[0042] The fixation devices of the present invention advantageously minimize or
eliminate the need to tie knots. The use of such multi-part anchors also provides secure
fixation of the suture construct, the secure suture construct resulting from the suture

being pushed into a hole and held tightly by anchors.

[0043] The multi-part anchor systems of the present invention also provide the following
additional advantages: accelerate tensioning to desired preference; plugs bone tunnel
(for example, the tibial tunnel) holding in fluids that are critical to healing; less
invasive with decreased morbidities (i.e., fractures); eliminates “plate prominence” and
need for HWR; the preferred PEEK material of the device allows for easy removal if
revision surgery is required; and is provided in various sizes, 7mm, 8mm, 9mm, 10mm,

11mm, etc.

[0044] In the preferred embodiment of the present invention, as mentioned above, suture
or suture tape is used with the anchor to fix tissue to bone. However, the multi-piece
anchor constructs of the present invention can be used with any type of flexible
material or suture, for example FiberWire® or FiberTape® or FiberChain®. In

another embodiment, an allograft or biological component may be used instead of

9



suture or tape. The allograft or biological component may be comprised of tendon or
pericardium, for example, which provides improved tissue repair. In yet additional
embodiments, any combination of suture, suture tape, suture chain, and allograft or
biological component may be employed, depending on the characteristics of the specific

surgical repair and/or as desired.

[0045] At least a portion of the flexible strand may be made of any known suture material,
such as cord-like suture, braided suture, or ultrahigh molecular weight polyethylene
(UHMWPE) or the FiberWire® suture (disclosed in U.S. Patent No. 6,716,234). In certain
applications and if desired, the flexible strand may also contain suture tape (for example,
a collagen stuffed suture tape) or a combination of suture and tape, a stiff material, or

combination of stiff and flexible materials, depending on the intended application.

[0046] Although the present invention has been described in connection with preferred
embodiments, many modifications and variations will become apparent to those skilled in
the art. While preferred embodiments of the invention have been described and illustrated
above, it should be understood that these are exemplary of the invention and are not to be
considered as limiting. Accordingly, it is not intended that the present invention be limited

to the illustrated embodiments, but only by the appended claims.

10
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CLAIMS
What is claimed is:
1. An anchor system for fixating tissue to bone, comprising:
a collar extending along a longitudinal axis and including a first cannulation; and

a plug insertable into the first cannulation to trap a flexible strand between the collar and

the plug, wherein the plug includes a second cannulation.

2. The anchor system as recited in claim 1, wherein the collar includes outer threads, barbs,
or teeth.

3. The anchor system as recited in claim 1, wherein the collar includes a ridge.

4. The anchor system as recited in claim 3, wherein a plug collar of the plug is flush with

the ridge once the plug is received into the first cannulation of the collar.

5. The anchor system as recited in claim 1, wherein the plug includes a smooth cylindrical
outer wall.
6. An anchor system for fixating tissue to bone, comprising:

a collar extending along a longitudinal axis and including a first cannulation;

a plug insertable into the first cannulation to trap a flexible strand between the collar and

the plug; and

wherein a plug collar of the plug includes a groove or slot configured to receive the

flexible strand.

7. The anchor system as recited in claim 1, wherein the collar includes a first length and the

plug includes a second length that is equivalent to the first length.

8. The anchor system as recited in claim 1, wherein the flexible strand is connected to a

graft and the collar and the plug are configured to fixate the graft relative to a first bone.

11
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9. The anchor system as recited in claim 8, comprising a second flexible strand attached to

the graft, and a button/loop construct is configured to fixate the graft relative to a second bone.
10.  An anchor system, comprising

a first part including a first cannulation;

a second part insertable into the first cannulation and including a second cannulation,

wherein the second part includes a slot extending across a width of a proximal collar of

the second part; and
a flexible strand trapped between the first and second parts,
wherein a portion of the flexible strand is received within the slot.

11.  The anchor system as recited in claim 10, wherein the first part is a collar and the second

part is a plug.

12.  The anchor system as recited in claim 11, wherein the plug includes the second

cannulation.

13.  The anchor system as recited in claim 11, wherein the collar includes a body and a ridge

that extends from the body, wherein the body includes outer threads, barbs, or teeth.

14.  The anchor system as recited in claim 13, wherein the plug includes a cylindrical outer

wall, and the proximal collar extends from the cylindrical outer wall.

15.  The anchor system as recited in claim 14, wherein an outer diameter of the cylindrical

outer wall of the plug is about equal to an outer diameter of the body of the collar.
16.  An anchor system, comprising:
a first part including a first cannulation; and

a second part insertable into the first cannulation and including a second cannulation,

12
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wherein the second part includes a slot extending across a width of a proximal collar of

the second part,
wherein the first part is a collar and the second part is a plug,

wherein the proximal collar of the plug is flush with a ridge of the collar when the plug is

received within the first cannulation of the collar.

17.  The anchor system as recited in claim 16, wherein the first part includes a first length and

the second part includes a second length that is equivalent to the first length.
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