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INTRA-OPERATIVE ACL GRAFT INSTRUMENTATION
BACKGROUND OF THE INVENTION

1. The Field of the Invention
[0001] The present disclosure relates generally to anterior cruciate ligament (ACL) repair
and the fixation of an ACL graft on the cortical side of the bone. The technology disclosed
herein may also be used for other suspensory fixation applications such as bone/tendon or
bone/ligament attachment.
2. The Relevant Technology
[0002] Currently ACL repair requires cortical fixation using some type of fixation device
that can retain a graft ligament passed through a bone tunnel while maintaining fixation on
the cortical side of the bone. Currently there are buttons on the market that allow for fixation
without passing through the bone tunnel. Knots tied on, around or through the button are used
to hold the graft and the button in place. However, knots are known for reducing the strength
of the fixation.
[0003] In addition, knots do not offer the amount of tension typically desired by
physicians because in tying the knot tension is often relinquished in order to achieve a
completed knot. Numerous devices have been developed to eliminate the need to tie knots as
a way of securing a line. The devices that accomplish the same function as a knot, which is in
part to secure a line to retain tension in a portion of the line, are typically referred to as line
locks. These line locks can be used as a one-way directional slide to increase tension in a line
without relinquishing that tension to tie a knot.
[0004] Current ACL repair systems will engage a graft and then fix the graft using knots
tied to a body on the cortical side of the bone. Physicians either have to fix the graft using
cord or line prior to passage through the bone tunnel and then readjust the tension, or pass the
lines and cords through the bone tunnel without tension and then adjust the tension after pass
through, again, tying knots to fix the graft to the cortical fixation device.
[0005] In addition currently physicians must choose a proper suture length and bight
length of a sling to hold the graft. In this case the surgeon must have multiple sutures with
multiple bight lengths available in the operating room (OR) and if the improper length is
chosen first then the surgeon will be required to find a different suture length and bight length
leading to more guess work and longer surgery times.
[0006] As the above described techniques illustrate, the existing systems and procedures
for ACL repair may not be as effective as desired.
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[0007] In an aspect of the disclosed technology, a system includes a line lock, a line
routed through the line lock to form a one-way slide, and a line lock stabilizer.
[0008] In an embodiment, the system may include a line lock stabilizer and a
compression limiter.
[0009] In another embodiment, the system may include a line lock stabilizer, a
compression limiter, and a means for adjusting the line relative to the line lock.
[0010] In yet another embodiment, the system may include a line lock stabilizer, a
compression limiter, and a line cutter.
[0011] In yet another embodiment, the system may include a line lock stabilizer and a
means for adjusting the line relative to the line lock.
[0012] In yet another embodiment, the system may include a line lock stabilizer, a means
for adjusting the line relative to the line lock, and a line cutter.
[0013] In yet another embodiment, the system may include a line lock stabilizer and a
line cutter.
[0014] In yet another embodiment, the system may include a compression limiter.
[0015] In yet another embodiment, the system may include a compression limiter and a
means for adjusting the line relative to the line lock.
[0016] In yet another embodiment, the system may include a compression limiter and a
line cutter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Various embodiments of the present technology will now be discussed with
reference to the appended drawings. It is appreciated that these drawings depict only typical
embodiments of the technology and are therefore not to be considered limiting of its scope.
[0018] FIG. 1 illustrates a perspective view of a device with a neck and head of the plate,
a plurality of passageways through a body of the plate, a line routed through the plurality of
passageways, a primary filament and a secondary filament;
[0019] FIG. 2 illustrates a side view of the device, line, and filaments of FIG. 1;
[0020] FIG. 3 illustrates a perspective view of the device of FIG. 1 with a plate, the plate
with a head, neck, body and a plurality of passageways and the line routed through the
plurality of passageways with a primary and secondary filament, the secondary filament
routed differently than in FIGS. 1 and 2;
[0021] FIG. 4 illustrates a perspective view of the device of FIG. 1 with a plate, the plate

with a head, neck, body and a plurality of passageways and the line routed through the
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plurality of passageways with a primary and secondary filament, the secondary filament
routed differently than in FIGS. 1 and 3;

[0022] FIG. 5 illustrates a perspective view of the device of FIG. 1 with a plate, the plate
with a head, neck, body and a plurality of passageways and the line routed through the
plurality of passageways with a primary and secondary filament, the secondary filament
routed differently than in FIGS. 1, 3 and 4;

[0023] FIG. 6 illustrates a perspective view of the device of FIG. 1 with a plate, the plate
with a head, neck, body and a plurality of passageways and the line routed through the
plurality of passageways with only a primary filament, the primary filament routed
differently than in FIGS. 1, 3, 4 and 5;

[0024] FIG. 7 illustrates a perspective view of an alternate embodiment of FIG. 1 with a
neck, a head and a body of the plate, the body with a plurality of passageways and a line
routed through the plurality of passageways, and a plurality of grooves, the line comprising a
first loop or eyelet at one end;

[0025] FIG. 8 illustrates a perspective view of an alternate embodiment of the device of
FIG. 1, with a plate having a head, a neck and a body, the body with a plurality of
passageways and a line routed through the plurality of passageways, and a crimp on the neck
of the plate;

[0026] FIG. 9 illustrates a perspective view of an alternate embodiment of the device of
FIG. 1, with a plate having a head, a neck and a body, the body with a plurality of
passageways and a line routed through the plurality of passageways, and a hole passing
longitudinally through the neck from a lateral passageway with an opening allowing a
filament to be looped around the line and two pins holding the line in place across the
opening;

[0027] FIG. 10 illustrates a perspective view of an alternate embodiment of the device of
FIG. 1, with a plate having a head, a neck and a body, the body with a plurality of
passageways and a line routed through the plurality of passageways, one of the passageways
on the neck of the plate and a loop of the line wrapped around the neck and a filament
passing through the neck passageway and looped around the line so the filament is retained
by the line;

[0028] FIG. 11 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck and a body, the body with a plurality of

passageways for receiving at least one line, without the line depicted;
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[0029] FIG. 12 illustrates a bottom perspective view of the plate of FIG. 11, with the
plate having a head, a neck and a body, the body with a plurality of passageways for
receiving at least one line;

[0030] FIG. 13 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck and a body, the body with a plurality of
passageways for receiving at least one line, without the line depicted;

[0031] FIG. 14 illustrates a bottom perspective view of the plate of FIG. 13, with the
plate having a head, a neck and a body, the body with a plurality of passageways for
receiving at least one line and curved ends of the passageways adjacent to one another;

[0032] FIG. 15 illustrates a bottom perspective view of the plate of FIG. 13, with the
plate having a head, a neck and a body, the body with a plurality of passageways for
receiving at least one line and curved ends of the passageways separated by a portion of the
body of the plate;

[0033] FIG. 16 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck and a body, the body with a plurality of
passageways for receiving at least one line, without the line depicted;

[0034] FIG. 17 illustrates a bottom perspective view of the plate of FIG. 16, with the
plate having a head, a neck and a body, the body with a plurality of passageways for
receiving at least one line;

[0035] FIG. 18 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck, resembling a single post, and a body, the
body with a plurality of passageways for receiving at least one line, without the line depicted;
[0036] FIG. 19 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck and a body, the body with a plurality of
passageways for receiving at least one line, and at least one deep groove extending from the
end of the head to at least one of the plurality of passageways for receiving a line, without the
line depicted;

[0037] FIG. 20 illustrates a perspective view of an alternate embodiment of the plate of
FIGS. 1-7, with the plate having a head, a neck and a body, the body with a plurality of
passageways for receiving at least one line, and a cut out extending from the head toward the
neck for receiving a line, without the line depicted;

[0038] FIG. 21 is an anterior view of a distal femur with dashed lines showing a stepped

bone tunnel in a lateral condyle of the femur;
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[0039] FIG. 22A is a perspective view of the plate, line, primary filament, and secondary
filament of FIG. 1 with a line lock stabilizer and a compression limiter; and FIG. 22B is a
side cross sectional view of the plate, line, primary filament, secondary filament, line lock
stabilizer, and compression limiter of FIG. 22A with a graft;

[0040] FIG. 23A is a perspective view of the plate, line, primary filament, and secondary
filament of FIG. 1 with another compression limiter; FIG. 23B is a side perspective view of
the plate, line, and compression limiter of FIG. 23A; FIG. 23C is an enlarged detail view of a
portion of the plate, line, and compression limiter of FIG. 23A; and FIG. 23D is an enlarged
detail view of the plate, line, and compression limiter of FIG. 23A with the line and
compression limiter shown in cross-section;

[0041] FIG. 24A is a side view of the plate of FIG. 1 with another line routed through the
plurality of passageways, a loop of the line looped around a graft; and FIG. 24B is a side
view of the plate and line of FIG. 24A, the loop adjusted to remove some slack around the
graft;

[0042] FIG. 25A is a side perspective view of the plate and line of FIG. 1 with a graft and
another line lock stabilizer; and FIG. 25B is a cross section view of the plate, line, graft, and
line lock stabilizer of FIG. 25A in the tunnel of FIG. 21;

[0043] FIG. 26A is a side view of another line lock with a plate with a plurality of
passageways and a member coupled to the plate, a line routed through the plurality of
passageways, and a primary filament, the line lock in a first configuration; and FIG. 26B is a
front view of the line lock, line, and filament of FIG. 26 A in a second configuration;

[0044] FIG. 27 is a perspective view of the plate, line, and primary filament of FIG. 1
with a line lock tensioning tool;

[0045] FIG. 28 is a side view of an instrument;

[0046] FIG. 29 is a side view of another instrument;

[0047] FIG. 30 is a side view of yet another instrument;

[0048] FIG. 31A is a perspective view of a distal femur with a line lock and line; FIG.
31B is a perspective view of the line lock and line of FIG. 31A with yet another instrument;
FIG. 31C is a perspective view of the line lock, line, and instrument of FIG. 31B in use; and
FIG. 31D is a perspective view of the line lock, line, and instrument of FIG. 31B showing
operation of a cutter feature of the instrument;

[0049] FIG. 32 is a side view of yet another instrument with a line lock;

[0050] FIG. 33 is a perspective view of a line lock, line, and a compression limiter;
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[0051] FIG. 34 is a perspective view of a line lock, line, and another compression limiter;
and
[0052] FIG. 35 is a front view of a distal femur with a line lock, line, graft, and filament
arranged with respect to a bone tunnel in the distal femur.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0053] The disclosed systems provide means for “locking” a line or suture at a length
without using a knot, such knots being capable of reducing the strength of the line or suture.
The systems allow for adjustment of the line/suture/sling length on the back table, reducing
the need for multiple sizes or parts. Because of the adjustable nature the tolerance/error band
on the line length is lower than competitive devices that use a fixed size and/or length line.
Parts of this system may include a zip knot or “wrap” along with plate geometry and hole
patterns for routing of a line. The device may also include a loop/cinch with a first loop or
lead loop. Other features may include adjustability of a single free end or multiple free ends.
Furthermore a first or primary filament and second or secondary filament configurations may
be used to flip the plate to secure the device against a bone.
[0054] One embodiment is a rectangular piece/plate with rounded ends. One of the ends
has a “dogbone” feature for lines and filaments to wrap around. The dogbone feature may
comprise two cutouts toward one end of the plate on opposing sides, forming a neck, which
give the structure its name as featured in the FIGS. 1-14 and 17-21. FIGS. 15-16 show what
may be a dogbone feature, however the dogbone feature may be less pronounced than in the
other figures. There may be four holes in the plate; two on each end, and two holes more
centrally located in the plate. A line which may be a suture, a cord, or a filament material is
passed through the holes to create an adjustable loop/sling to hold an ACL graft or other
biological material. The graft line material is fixed to the dogbone end via a looping
technique that secures the line to the plate and simultaneously provides a first loop that is
configured to be pulled on directly or have a filament passed through this first loop. Such a
looping technique may include those as described in Patent Nos., 7,594,923, 7,566,339 and
7,150,757 which are herein incorporated by reference. This first loop can be pulled on
directly or via secondary filaments to pull or position the plate through a tunnel or hole. A
non-looped end, or a free end, of the line material passes around the plate and back under
itself to form a self-locking wrap. When the free end of the line is pulled, the adjustable loop,
or sling, can be shortened. When the adjustable loop is pulled on, the self-locking wrap

cinches itself tighter.
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[0055] The plate is designed to fit through a bone tunnel and can be inserted via any
preferred approach (e.g., medial portal or trans-tibial approaches). A first or primary filament
may have a first filament loop created along its length a specified distance from its mid-
length, the loop may be stationary but may also move along the length of the first filament.
The first filament may have a stationary feature, which may be a knot, at the filament’s mid-
length. A section of the first filament is looped through the plate body on one side. The
secondary filament may pass through the body of the plate or through the first loop of the
line. A second filament may be passed through one of the central holes in the body of the
plate which may be the same hole that the first loop of the line is passed through. The second
or secondary filament may also pass through the first filament loop. The second filament may
be fixed to the plate at any specified distance from the central plate hole such as passing the
second filament around the dogbone feature of the plate or around the plate in general or
through any of the other plate holes. The colors and lengths of the filaments may be
configured to ensure the primary filament through the plate hole will be pulled through the
bone tunnel to pull up the button past the cortical wall, with the secondary filament parallel
with the first loop and graft. Once the plate clears the bone tunnel, the secondary filament is
pulled on either trans-tibially or from a medial portal to flip the plate so that the plate is
perpendicular to the tunnel and anchors against the bone (plate contact area larger the bone
tunnel area). After plate installation one end of the primary filament is pulled through the
plate, simultaneously pulling the secondary filament from the bone tunnel and central hole in
the body of the plate. The secondary filament is pulled from the plate.

[0056] One will appreciate that the secondary filament is not required to pass through a
first filament loop and thus the secondary filament may not be removed in conjunction with
removal of the primary filament. The secondary filament may pass through the bone tunnel
and after installation of the plate the secondary filament may be removed through the plate
similar to the primary filament.

[0057] This device may be used to hold an ACL graft and the graft may be soft or hard
tissue. In addition this device is not limited to the ACL or knee and may have other
applications in other parts of the body, such as the shoulder, elbow and ankle.

[0058] Referring to FIGS. 1-5, a fixation device 10 is portrayed with a plate 11, a line 24
and filaments 44, 46. The plate 11 may be substantially rectangular and may comprise a body
12 which may have rounded first end 16 and a rounded second end 18. The body may include
a plurality of passageways 14 configured to receive the line 24 and first and second filaments

44, 46. The plurality of passageways 14 may be partially or entirely bounded by the plate 11.
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The plate may also comprise a neck 20 extending longitudinally from the first end 16 of the
body 12; however, the neck 20 may extend from either the first end 16 or the second end 18,
or both. The neck 20 may be thinner than the body 12 of the plate 11 in at least one plane or
the neck 20 may have a smaller circumference than the body 12 of the plate 11. Extending
longitudinally from the neck is a head 22 which may be thicker than the neck 20 in at least
one plane or may have a greater cross-sectional diameter in at least one plane than the neck
20. The head 22 may also extend from the neck in at least one plane substantially
perpendicular to the neck 20. The head 22 may have a substantially similar thickness as the
body 12 of the plate or may have a substantially similar cross-sectional diameter in at least
one plane as the body 12 of the plate 11. The neck 20 and head 22 of the plate 11 create a
dogbone feature 34 on one end of the plate 11. The head 22 may be rounded on the end
opposite the neck 20.

[0059] The plate 11 may also comprise grooves 36 throughout the plate. The grooves 36
may extend between passageways 14 or between a passageway 14 and a periphery 40 of the
plate 11 or even grooves 36 from between the head 22 and neck 20 and the neck 20 and the
body 12. The grooves 36 may also reside on the top, sides or bottom of the plate 11. The plate
11 is designed to fit through a bone tunnel and can be inserted via any preferred approach
(e.g., medial portal or trans-tibial approaches). The plate may be comprised of biocompatible
materials including but not limited to titanium, stainless steel, cobalt chrome, PEEK, PLLA,
polymer/ceramic composites, polymers, co-polymers, or alloys or a combination of those
mentions herein. In addition any material used for the plate may also be coated with bioactive
or supportive materials.

[0060] The plurality of passageways 14 may be generally rounded and are capable of
receiving at least one line. The plurality of passageways 14 may comprise four passageways
that are configured to receive the line 24 and are shaped and patterned for the routing of the
line through the passageways 14. The passageways 14 may be substantially on the body 12 of
the plate 11; however in an alternate embodiment the neck 20 may also comprise a
passageway 14. Of the four passageways, those disposed more laterally may comprise a more
ovoid shape and those passageways disposed more medially may comprise a more triangular
or tear-drop shape. The shapes of the plurality of passageways 14 are selected to enhance the
routing and self-locking of the line 24 to the plate 11. The tear-drop shape of at least one of
the plurality of passageways 14 may further enhance the locking of the line 24 for the
adjustable loop 29. The ovoid shape of at least one of the plurality of passageways 14 may

allow for multiple passes of the line 24 through the same passageway while minimizing total
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passageway area. The plurality of passageways 14 may also taper or enlarge from the top to
the bottom of the plate 11 or the plurality of passageways 14 may taper or enlarge from the
bottom to the top of the plate 11.

[0061] The neck 20 is a smaller circumference than the body 12, or is thinner than the
body in at least one plane, to maintain the line 24. The smaller circumference may also
provide protection of the lines as they pass through the cutouts that create the neck to prevent
the lines from rubbing against the walls of a bone tunnel when passing the plate 11 through
the bone tunnel.

[0062] The head 22 of the plate 11 may comprise flanges or fins 42 which extend back
toward the body 12 of the plate 11. These flanges 42 may add greater security of the line 24
and the second filament 46 preventing withdrawal of the second filament 46 or the line 24
over the head 22. The flanges 42 may also provide added protection of the line 24 and second
filament 46 during passage of the plate through the bone tunnel.

[0063] The line 24 of the device 10 is routed through the passageways 14 to create a self-
locking slide. The line 24 may be comprised of metal, polymer, composite or suture and may
be woven or braided. The line may comprise a first portion, which may be a first working
portion 26, and a second portion, which may be a second working portion 30. Both of the first
and second working portions 26, 30 may have free ends. Between the first working portion
26 and the second working portion 30 is an intermediate portion 28 which may comprise an
adjustable loop 29. The first working portion 26 is routed along a first pathway. The first
pathway may comprise routing the first working portion up through a first medially located
passageway 14a, through at least one of the grooves 36, down through a first laterally located
passageway l4c, around the neck 20, up through the first laterally located passageway 14c
and passed underneath the portion of the line around the neck 20. The neck 20 may comprise
a neck groove 32 that the line passes through underneath the portion of the line 24 that is
wrapped around the neck 20. A first compression section 25 is formed with the line passing
underneath the portion of the line that passes around the neck 20 wherein when the first
working portion 26 is pulled tight the compression section 25 pushes a portion of the line
against the neck groove 32 of the neck 20 self-locking the line 24 against the plate 11. This
compression section 25 of the line creates a one-way slide allowing for the first working
portion 26 to be advanced only along one direction, the one direction defined by the routing
of the first working portion 26.

[0064] The second working portion 30 is routed along a second pathway. The second

pathway may comprise routing the second working portion up through the first medially
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located passageway 14a, passed over the top of a periphery groove 38, the periphery groove
38 extending from a second medially located passageway 14b to the periphery 40 of the plate.
The second working portion 30 is then passed down through the second laterally located
passageway 14d, up through the second medially located passageway 14b and underneath the
portion of the line 24 that passed over the periphery groove 38. A second compression section
27 is formed with the line passing underneath the portion of the line that passes over the top
of the periphery groove 38 wherein when the second working portion 28 is pulled tight the
compression section 27 pushes a portion of the line against the periphery groove 38 of the
plate 11 self locking the line against the plate 11. This compression section 27 of the line
creates a one-way slide allowing for the second working portion 30 to be advanced only
along one direction, the one direction defined by the routing of the second working portion
30.

[0065] The adjustable loop 29 of the intermediate portion 28 of the line 24 is configured
to hold a graft (not shown). The graft may be an ACL graft and may be a soft or hard tissue.
The graft is looped around the adjustable loop 29 to retain the graft. By pulling on either the
first working portion 26 or the second working portion 30, or both, the adjustable loop 29
reduces in size pulling the graft closer to the plate 11. The adjustable loop 29 is unable to
increase in size after the graft is captured by the adjustable loop 29 and the line 24 is routed
through the plate 11 because the routing of the line 24 forms a one-way slide so only
reduction of the adjustable loop 29 occurs.

[0066] The first filament 44 passes through the second laterally positioned passageway
14d and is used to pull the plate 11 through the bone tunnel along a longitudinal axis of the
plate 11. The second filament 46 may be routed around the neck 20, creating a loop around
the neck 20, of the plate 11 and then passed through the second medially positioned
passageway 14b. The second filament 46 is used to toggle the plate 11 after the plate 11
passes through the bone tunnel. After passing through the bone tunnel the second filament 46
may remain in the bone tunnel. The second filament 46 is pulled and the plate 11 toggles so
that the longitudinal axis of the plate 11 is perpendicular to the bone tunnel. After the plate 11
is positioned on a cortical side of a bone the first and second filaments 44, 46 may be
removed by pulling on one end of each filament. After positioning of the plate 11 the first
working portion 26 or the second working portion 30, or both, are pulled to reduce the size of
the adjustable loop 29 thereby creating greater tension in the graft and further cinching the

plate 11 against the cortical side of the bone.
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[0067] The routing of the second filament 46 may be done in a plurality of ways.
Referring to FIG. 3, the second filament 46 may be routed around the neck 20, creating a loop
around the neck 20, similar to the embodiment in FIG.1. The second filament 46 then passes
through the second laterally positioned passageway 14d. The same effect is achieved with
this routing as that previously described in that the second filament 46 is used to toggle the
plate 11 after passing through the bone tunnel. Similar to the previous routing, after passing
through the bone tunnel the second filament 46 may remain in the bone tunnel. After the plate
11 is positioned on the cortical side of the bone the second filament 46 is removed.

[0068] Referring to FIG. 4, the second filament 46 may be routed around the neck 20,
creating a loop around the neck 20, and then the second filament passed slidably through a
first filament loop 48 of the first filament 44. The first filament loop 48 may be static. The
second filament 46 may then be routed through any of the plurality of passageways 14. After
passage of the plate 11 through the tunnel the second filament 46 is again used to toggle the
plate 11 so that the longitudinal axis of the plate is perpendicular to the bone tunnel. Similar
to the previously described routing, after passing through the bone tunnel the second filament
46 may remain in the bone tunnel. After positioning of the plate 11, the first filament 44 may
be removed thereby removing the second filament 46 as well because the second loop is still
within the first filament loop 48.

[0069] Referring to FIG. 5, the second filament 46 may be routed through any of the
plurality of passageways 14 creating a loop around the intended passageway. The filament is
then routed through the first filament loop 48 of the first filament 44. The second filament 46
may then be routed through any of the plurality of passageways 14. Once the plate 11 clears
the bone tunnel, the second filament 46 is pulled on (trans-tibially or from the medial portal)
to flip the plate so that the plate 11 is perpendicular to the bone tunnel and anchors against the
bone with the plate contact area being larger than the bone tunnel. Similar to the previously
described routing, after passing through the bone tunnel the second filament 46 may remain
in the bone tunnel. Similar to the removal of the first filament 44 in the preceding paragraph,
after positioning of the plate 11, the first filament 44 may be removed thereby removing the
second filament 46 as well because the second loop is still within the first filament loop 48.
[0070] After the plate 11 is secured against the cortical bone, the filaments 44, 46 are
removed and the plate 11is cinched and the adjustable loop 29 adjusted to the appropriate
length and tension the free ends of the first and second working portions 26, 30 may be cut to

shorter lengths.
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[0071] Referring to FIG. 6, all of the features previously disclosed are substantially the
same; however only a one filament, the first filament 44, is used and passed through the more
centrally located first medial passageway 14a. The first filament 44 passes through the first
medial passageway 14a. The plate 11 is inserted in a longitudinal direction, substantially
parallel to the axis of the bone tunnel, into the bone tunnel. Pulling on the first filament
through the bone tunnel the plate 11 passes through the bone tunnel and after clearing the
cortical side of the bone the plate 11 toggles automatically, wherein the longitudinal direction
of the plate is substantially perpendicular to the axis of the bone tunnel. Because of the
placement of the first filament 44 through the first medial passageway 14a, the plate 11
naturally tends to return to a non-parallel state between the plate 11 and the bone tunnel. In
this embodiment a second filament is not needed to toggle the plate 11.

[0072] Referring to FIG. 7, all of the features previously disclosed are substantially the
same to this embodiment with the exception of the first working portion 26 may comprise a
first loop 50 instead of a free end. The first loop 50 may be an eyelet. The first loop 50 may
be woven or braided into the cord or the first loop 50 may be a thicker cord with separate
fibers of the cord. The first loop 50 may also use an adhesive in the fibers to help maintain
the structure of the loop. The first loop 50 may also be created by using the free end of the
first working portion 26 and crimping the free end with a crimp (not shown) to another
portion of the first working portion 26 to create a loop. The crimp could be metal, polymer or
any other biocompatible materials strong enough to hold the line 24 to form the first loop 50.
The first loop 50 may be held tightly against the plate 11 or may be kept at a distance from
the plate 11.

[0073] The first loop 50 may be configured to receive the second filament 46. The second
filament 46 is looped through the first loop 50 and is used to toggle the plate 11 after passage
through the bone tunnel. The second filament 46 through the first loop 50 provides certain
advantages when pulling the plate 11 through the bone tunnel including increased slidability
of the second filament 46 and may provide an offset distance from the plate 11 to improve
flipping of the plate 11. Furthermore the first loop 50 may allow for slidability of the second
filament 46 preventing the second filament 46 from getting stuck or damaged between the
plate 11 and the bone.

[0074] Referring to FIG. 8, a device 10 is depicted with a slight different head 22
extending from the neck 20. In this embodiment the head 22 may not include the flanges or
fins 42 as depicted in the previous embodiments (FIGS. 1-7). Furthermore, this embodiment

may include a crimp 52 on the dogbone end 34, wherein the first working portion 26 of the
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line 24 passes through the neck groove 32 and is secured to the plate 11 on the neck 22 or the
dogbone end 34 through the use of the crimp 52. The crimp 52 would substantially encircle
the neck 20 and the first working portion 26 of the line 24 to the plate 11. The crimp 52 may
be comprised of any biocompatible material including polymer, composite or metal. A further
distinguishing feature of this embodiment is that the first working portion 26 may or may not
be routed in the same or similar manner as the routing in the previous embodiment (FIGS. 1-
7). With the FIG. 8 embodiment the first working portion 26 may simply pass up through the
first medial passageway 14a but may not pass completely back down and through the first
lateral passageway l4c, but rather simply pass through the neck groove 32 and then be
secured to the plate 11 with the crimp 52. The second working portion 30 of the line 24 is
routed in substantially the same manner as described in the previous embodiments described
in FIGS. 1-7 with the same routing of the line 24, the same adjustable loop 29 of the
intermediate portion 28 and the second compression section 27 which holds a portion of the
line 24 to create a one-way slide.

[0075] First and second filaments 44, 46 (not shown in FIG. 8) may be routed around and
through the plate 11 in any manner as previously described herein. Likewise inserting the
plate 11 into the bone tunnel, passing the plate 11 through the bone tunnel, toggling the plate
11 after passage through the bone tunnel, cinching the plate to the cortical side of the bone
and removing the filaments 44, 46 from the plate may all be accomplished in any of the ways
as previously described herein.

[0076] Referring to FIG. 9, a device 10 is depicted with the nearly the same plate 11
configuration as that of FIG. 8; however, in this embodiment there is a neck hole 54 that
passes from the first lateral passageway 14c through the neck 20 and out of the head 22. The
neck 20 may include an opening with two transverse pins 55. The first working portion 26 of
the line 24 may pass through the neck hole 54 wherein a portion of the first working portion
26 is exposed in a neck opening 56. The neck opening 56 may be defined by two transverse
pins 55 that are substantially perpendicular to the longitudinal axis of the plate 11. The
transverse pins 55 may retain the line 24 and prevent it from withdrawal from the plate 11.
The first filament 44 (not shown in FIG. 9) may be passed through at least one of the plurality
of passageways 14. The second filament 46 may pass around the exposed portion of the first
working portion 26 in the neck opening 56 and is retained by the exposed portion of the first
working portion 26. The first filament 44 (not shown in FIG. 9) may be passed through at
least one of the plurality of passageways 14. The second working portion 30 of the line 24 is

routed in substantially the same manner as described in the previous embodiments described
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in FIGS. 1-7 with the same routing of the line 24, the same adjustable loop 29 of the
intermediate portion 28 and the second compression section 27 which holds a portion of the
line 24 to create a one-way slide.

[0077] A method of inserting the plate 11 into the bone tunnel, passing the plate 11
through the bone tunnel, toggling the plate 11 after passage through the bone tunnel, cinching
the plate 11 to the cortical side of the bone and removing the filaments 44, 46 from the plate
may be accomplished in any of the ways as previously described herein.

[0078] Referring to FIG. 10, a device 10 is depicted with the plurality of passageways 14
as previously described; however, in this embodiment one of the plurality of passageways is
positioned in the neck 20 of the plate 11. The second working portion 30 of the line 24 is
routed in substantially the same manner as described in the previous embodiments described
in FIGS. 1-7 with the same routing of the line 24, the same adjustable loop 29 of the
intermediate portion 28 and the second compression section 27 which holds a portion of the
line 24 to create a one-way slide. The first working portion 26 of the line 24 includes the first
loop 50 as described in FIG. 7. In this embodiment the first loop 50 is not secured to the plate
through a first compression section 25 as previously described; rather, the first loop 50 is
lassoed around the neck 20. The second filament 46 is then able to pass through the
passageway in the neck, the first lateral passageway 14c, and loop around the first loop 50,
the first loop 50 retaining the second filament. The first filament 44 is passed through the
second lateral passageway 14d and the filaments 44, 46 are used to pass the plate 11 and
toggle the plate 11 in any manner as previously described herein. It will be appreciated that
the first filament 44 may pass through any of the remaining plurality of passageways 14 of
the plate 11 except for the first lateral passageway 14c.

[0079] Alternate embodiments of the plate are depicted in FIGS. 11-21. In each of the
FIGS. 11-21 the line 24 has not been shown neither do the figures show the first and second
filaments 44, 46. It should be understood that the line 24 and filaments 44, 46 may be used
for those embodiment described and illustrated for FIGS. 11-21 in the same manner as any
previously disclosed embodiment in the paragraphs and illustrations above. For the avoidance
of doubt, the line may comprise two free ends or one free end and a loop or further still one
free end and another securing means as described above such as crimps, pins, loops or
clamps. In addition each of these embodiments may comprise a looped end on the first
working portion 26 and a free end on the second working portion 30 as set forth above.

[0080] Referring to FIGS. 11-12, the plate 11 is the same as shown in FIGS. 8 and 9
without the line 24 and the first and second filaments 44, 46 depicted. The line 24 and
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filaments 44, 46 may be used in this embodiment in any of the previously described methods
found herein.

[0081] The features in this embodiment are very similar to the previous embodiment of
the plate in FIGS. 1-7 with the exception that the plurality of passageways 14 may have
slightly different shapes where the substantially triangular or tear-drop shaped passageways
may have other bends and the ovoid passageways may be more circular. Other distinguishing
features of this embodiment of the plate 11 are the shape and features of the head 22 of the
dogbone feature 34. Like the previous embodiment the head 22 has a greater cross-sectional
diameter than the neck 20 in at least one plane. Whereas the previous embodiment may have
comprised flanges or fins 42 extending back toward the body 12 of the plate 11 giving the
dogbone feature 34 an almost anchor like look, this embodiment does not require the fins 42
but rather the head 22 may only extend outward from the neck 20 in at least one plane
perpendicular to the longitudinal axis of the plate 11. The head 22 may also be rounded on
one end opposite from the neck 20. The same features found in the previous embodiment
hold true for this embodiment in that there are grooves 36 which may pass between the
plurality of passageways and this embodiment may also include a periphery groove 38
extending from one of the second medially passageway 14b to the periphery 40 to receive the
second working portion 30 of the line 24.

[0082] Referring to FIGS. 13-15, the plate 11 may include similar features as the
previously described plates with passageways and grooves; however, in this embodiment the
neck 20 may be shorter than in the previous embodiments and the head 22 extending from the
neck 20 creating the dogbone feature 34 has previously set forth. The head 22 may have a
larger circumference than the neck 20 but smaller than the body 12 of the plate 11.

[0083] Referring to FIG. 14, the plurality of passageways 14 may comprise curved ends
58 that allow for easy passage of the line 24 through the plurality of passageways 14. The
curved ends 58 of the plurality of passageways 14 may extend into each other as depicted
between the first medial passageways 14a and second medial passageway 14b. Alternately, as
depicted in FIG. 15 between the first medial passageways 14a and second medial passageway
14b, the curved ends 58 may be separated by part of the body 12 of the plate 11.

[0084] Referring to FIGS. 16-17, this alternate plate 11 embodiment comprises
substantially all of the features as previously described herein with a neck 20 and head 22
creating a dogbone feature 34. The neck may have a substantially smaller cross-sectional
diameter than the body 12 of the plate 11 and the head 22 may have a larger circumference

than the neck 11; however the head 22 may have a smaller cross sectional diameter in at least
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one plane than the body 12 of the plate 11. The shapes of the plurality of passageways 14
may be substantially the same as the previous embodiments with the lateral passageways 14c,
14d maintaining a substantially ovoid or circular shape and the medial passageways 14a, 14b
maintaining a substantially triangular or tear-drop shape.

[0085] Referring to FIG. 18, this alternate embodiment of the plate 11 may comprise
features substantially similar to those already described herein. However, the neck 20 and
head 22 may of the dogbone feature 34 may have substantially the same cross-sectional
diameter in at least one plane. The neck 20 extends from at least one end of the body 12 of
the plate 11 and the head 22 extends from the neck 20 but the extension may look like a
singular post extending from the body 12 of the plate 11 rather than a dogbone feature 34 as
previously recited. The use of this embodiment remains the same in that the routing of the
line 24 and the use of the first and second filaments 44, 46 remains may be used in any of the
previously described methods.

[0086] Referring to FIG. 19, this alternate embodiment of the plate 11 may comprise
features substantially similar to those already described herein. In this embodiment, however,
the neck 20 and head 22 may comprise a deep groove 60 extending from one end of the head
20 to the first lateral passageway 14c. The deep groove 60 may provide easier passage of the
first working portion 26 of the line 24 underneath the compression section 25.

[0087] Referring to FIG. 20, this alternate embodiment of the plate 11 may comprise
features substantially similar to those already described herein. However, a cutout 62 may
extend from the head 22 toward the neck 20. The cutout 62 may provide easier passage of the
first working portion 26.

[0088] Other characteristics which are not depicted in FIGS. 1-20 may include other
means of securing the second working portion of line in addition to the use of the
compression section and routing of the lines to create a one-way slide. On the end opposite
the dogbone feature of the plate a slot may extend from the opposite end into the body of the
plate where in the slot gets wider as it moves further from the periphery of the plate. The slot
may be configured to receive and pinch a line keeping the line substantially static after the
appropriate length and tension of the line is determined. Other means for additional security
may be the use of a cleat or locking feature extending from the plate opposite the dogbone
feature. The cleat may be used to tie off the free end of the line after the appropriate length
and tension of the line is determined.

[0089] Referring to FIGS. 21-27, examples of means for facilitating adjustment of line

locks will now be described. Certain examples provide means for stabilizing the line lock
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while the line is adjusted, while other examples provide means for facilitating the adjustment
of the line.

[0090] In particular, the disclosed examples may be suited to intraoperative or in situ
adjustment of a line lock used to secure an ACL graft in a bone tunnel, although the
technology is adaptable to many other situations inside and outside the medical field.
Intraoperative adjustment may take place at any time during the surgical procedure, for
example on a back table before the line lock is implanted. In sifu adjustment may take place
during the process of implanting the line lock, or thereafter. /n situ adjustment may take place
during a revision surgery some time after initial implantation of the line lock. Certain
examples may disclose tools or accessories to stabilize the line lock against a bone portion,
such as a lateral cortex of a distal femur so that the line lock does not lift off in response to
tension on the line tending to adjust the line relative to the line lock. Other examples may
provide tools or accessories to selectively decrease the self-locking action of the line in the
line lock, so that it is easier to draw the line through the line lock.

[0091] Referring to FIG. 21, a distal portion of a femur 90 is shown from an anterior
view. A bone tunnel 92 is shown in dashed lines. The bone tunnel 92 extends through a
portion of the distal femur 90 along a central longitudinal axis 94. The bone tunnel 92
includes a first segment 96 and a second segment 98. The first segment 96 has a larger
diameter than the second segment 98. Of course, the bone tunnel 92 may be a constant
diameter over its entire length, or it may have more than the two segments shown. The bone
tunnel 92 may also be a slot or groove, i.e., open along at least one side along its length.
Although a femur with a bone tunnel is illustrated, any support structure may be envisioned
instead. Furthermore, the support structure may be a hard structure, like a bone or other
relatively rigid structure, or it may be a soft structure, like a ligament, tendon, fascia, muscle,
or other resilient, compliant, flexible, or elastomeric structure.

[0092] Referring to FIG. 22A, the plate 11, line 24, first filament 44, and second filament
46 of fixation device 10 of FIG. 1 are shown with a line lock stabilizer 100 and a
compression limiter 150. The line 24 may be routed through the passageways 14 of the plate
11 to create a self-locking slide as in FIG. 1. Fixation device 10 or plate 11 may also be
referred to as a line lock.

[0093] The portion of a line that is put under tension, typically to secure some object, is
commonly referred to as a standing end, or standing portion. A standing portion may be
secured to, or coupled to, an object as disclosed in U.S. Patents No. 7,150,757; 7,566,339;
7,594,923; 7,641,694; 7,722,644; and U.S. Patent Application No. 11/142,933, all of which
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are incorporated herein by reference. The intermediate portion 28 of the line 24 may thus be
described as a standing portion 102. The standing portion 102 is shown as a loop 29
connected at both ends to the plate 11, however, the standing portion 102 may extend straight
instead, and may for example terminate in a free end. The portion of a line that extends
toward a line handler is commonly referred to as a working end, or working portion, such as
the first working portion 26 of the line 24.

[0094] A knot in a line, or a line lock attached to a line, is the demarcation between the
standing portion and the working portion. The plate 11 attached to the line 24 is the
demarcation between the standing portion 102 and the first working portion 26. The portion
of the line 24 that is routed along the first pathway up through the passageway 14a, down
through the passageway 14c, around the neck 20, up through the passageway l4c, and
underneath the portion of the line 24 across the top of the neck 20 may be described as a first
locking portion 104 of the line 24. The first locking portion 104 may include the first
compression section 25 and a first compressed section 106. The first compression section 25
is the portion of the line 24 that extends around the neck 20. The first compressed section 106
is the portion of the line 24 which passes underneath the first compression section 25 and
rests in the neck groove 32. The first compressed section 106 may also be referred to as a first
constricted section 106 to differentiate it from the first compression section 25. It is
appreciated that each of the portions 28, 102, 26, 104, 25, 106 of line 24 are relative to each
other in that they change as line 24 is adjusted on line lock 10.

[0095] In the example shown, line 24 also includes a second working portion 30 which
extends out of passageway 14b and a second locking portion 108 that extends between
standing portion 102 and second working portion 30. The second locking portion 108 is the
portion of the line 24 that is routed along the second pathway up through the passageway 14a,
down through the passageway 14d, up through the passageway 14b, and underneath the
portion of the line 24 extending between passageways 14a and 14d. The second locking
portion 108 may include the second compression section 27 and a second constricted section
110. The second compression section 27 is the portion of the line 24 that extends between
passageways 14a and 14d. The second constricted section 110 is the portion of the line 24
which passes underneath the second compression section 27 and rests in the periphery groove
38. It is appreciated that each of the portions 28, 102, 30, 108, 27, 110 of line 24 are relative
to each other in that they change as line 24 is adjusted on line lock 10. Any description herein
relating to the first working portion 26, the first locking portion 104, the first compression

section 25, and/or the first constricted section 106 may be interpreted as though it refers to
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the second working portion 30, the second locking portion 108, the second compression
section 27, and/or the second constricted section 110.

[0096] The line lock stabilizer 100 has a shaft 112 with a distal end 114 and an opposite
proximal end 116. The distal end 114 may include means to engage the plate 11. For
example, the distal end 114 may be flat, as shown, to engage a flat portion of the plate 11.
The distal end 114 may include a projection, boss, tab, or key which engages a
complementary recess in the plate 11, for example, one of the passageways 14, the neck
opening 56, or a keyhole. Conversely, the distal end 114 may include a recess which engages
a complementary protrusion, boss, tab, or key on the plate 11, for example, the neck 20, head
22, dogbone feature 34, or flange(s) 42. More than one protrusion/recess pair may be
provided. The plate engagement means may also be threads, quick connect, bayonet fitting,
snap fit, taper fit, friction fit, collet, hook, magnetic, electromagnetic, or the like. The
proximal end 116 may include a grip or handle, and may include a retaining feature, such as a
cleat or a slit. The shaft 112 may include a hole 118, which may be centrally or eccentrically
located relative to an exterior surface of the shaft. Another type of longitudinal passageway
such as a slot or groove may be provided instead of the hole 118, or such a passageway may
be absent.

[0097] The line lock stabilizer 100 may be coupled to the plate 11 by engaging the
complementary features on the distal end 114 and plate 11. The line lock stabilizer 100 may
also be coupled to the plate 11 by securing a portion of the first filament 44 and/or second
filament 46 to the retaining feature. For example, the filament 44 or 46 may be pulled taut
and wrapped around a cleat or wedged into a slit. The filament 44 or 46 may pass alongside
the shaft 112 or through the hole 118. A portion of the line 24, such as working portion 26,
may pass alongside the shaft 112 or through the hole 118. Another filament 120 may be
coupled to the working portion 26, as shown, and may pass alongside the shaft 112 or
through the hole 118.

[0098] The line lock stabilizer 100 may be used to stabilize the line lock 10 while the
length of the standing portion 102 is adjusted. The line lock stabilizer 100 resists tension in
the line 24 tending to adjust the length of the standing portion 102. The line lock stabilizer
100 may be described as a counter-tension tool. The line lock stabilizer 100 may be used to
push the line lock 10 against a support while the first working portion 26 is pulled to draw
unwanted slack through the line lock 10.

[0099] Referring to FIGS. 21 and 22A-22B, an object such as an ACL graft 80 may be
folded over the standing portion 102. The first filament 44 may be used to pull the plate 11,
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end 18 first, through the bone tunnel 92 so that the plate 11 exits the second segment 98
laterally, the standing portion 102 extends through the second segment 98 into the first
segment 96, the folded portion of the ACL graft 80 is in the first segment 96, and the second
filament 46 extends through the second segment 98 and the first segment 96. The first
filament 44 extends laterally beyond the plate 11. The free ends of the ACL graft and second
filament 46 extend medially beyond the mouth of the first segment 96. Once the plate 11
clears the bone tunnel 92, the second filament 46 may be pulled to flip the plate 11 to rest
congruently on the bone surface around the bone tunnel 92. The line lock stabilizer 100 may
be advanced over the first filament 44 to position the distal end 114 near the plate 11. The
distal end 114 may be engaged with the plate 11. The first working portion 26 may pass
through the hole 118, and the first filament 44 and first working portion 26 may extend from
the proximal end 116 of the line lock stabilizer 100. The line lock stabilizer 100 may be used
to push the plate 11 against the bone surface while the first working portion 26 is pulled to
draw the line 24 through the plate 11 to adjust the length of the standing portion 102. If
desired, the second working portion 30 may also pass through the hole 118 and extend from
the proximal end 116 of the line lock stabilizer 100. The line lock stabilizer 100 may be used
to push the plate 11 against the bone surface while the second working portion 30 is pulled to
draw the line 24 through the plate 11 to adjust the length of the standing portion 102. The
first and second working portions 26, 30 may be pulled independently, alternately, or
simultaneously.

[00100] The compression limiter 150 may be a filament looped under the first compression
section 25 before the plate 11 is pulled through the bone tunnel 92. Pulling on the
compression limiter 150 may lift the first compression section 25 away from the first
constricted section 106 and the plate 11 to reduce compression on the first constricted section
106. The compression limiter 150 alone may reduce compression on the first constricted
section 106 enough that the line 24 is easily drawn through the plate 11 in either direction to
adjust the length of the standing portion 102 shorter or longer. As soon as tension on the
compression limiter 150 is released, the first compression section 25 is free to press the first
constricted section 106 against the plate 11 in response to tension on the standing portion
102, so as to lock the line 24 to the plate 11. The compression limiter 150 may also be used in
conjunction with the line lock stabilizer 100. In this arrangement, the compression limiter 150
may pass through the hole 118 and extend from the proximal end 116 of the line lock
stabilizer 100.
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[00101] The compression limiter 150 may extend between the plate 11 and the first
compression section 25, between the plate 11 and the first constricted section 106, or between
the first compression section 25 and the first constricted section 106. The compression limiter
150 may be coupled to the first compression section 25, the first constricted section 106, or
the plate 11. The compression limiter 150 may be looped under the first compression section
25, the first constricted section 106, or both. Depending on these variables, the compression
limiter 150 may separate or pull apart the plate 11 and the first compression section 25, the
plate 11 and the first constricted section 106, or the first compression section 25 and the first
constricted section 106.

[00102] Referring to FIG. 23A-D, the plate 11, line 24, first filament 44, and second
filament 46 are shown with another compression limiter 160. In FIG. 23A, the compression
limiter 160 is shown interacting with the first locking portion 104 and in FIGS. 23B-23D, the
compression limiter 160 is shown interacting with the second locking portion 108. The
compression limiter 160 may be a filament looped under the first compression section 25
before the plate 11 is pulled through the bone tunnel 92. The mere presence of the
compression limiter 160 under the first compression section 25 may limit the amount of
compression that the first compression section 25 can exert on the first constricted section
106, so that pulling on the compression limiter 160 is optional or unnecessary. For example,
the compression limiter 160 may have a diameter large enough to hold the first compression
section 25 spaced apart from the first constricted section 106. The diameter of the
compression limiter 160 may be larger than the diameter of the line 24, at least where overlap
exists, as illustrated in FIG. 23D, in which the constricted section 110 and the compression
limiter 160 are shown in cross section. The compression limiter 160 alone may reduce
compression on the first constricted section 106 enough that the line 24 is easily drawn
through the plate 11 in either direction to adjust the length of the standing portion 102 shorter
or longer. As soon as the compression limiter 160 is removed, the first compression section
25 is free to press the first constricted section 106 against the plate 11 in response to tension
on the standing portion 102, so as to lock the line 24 to the plate 11. The compression limiter
150 may also be used in conjunction with the line lock stabilizer 100. In this arrangement, the
compression limiter 150 may pass through the hole 118 and extend from the proximal end
116 of the line lock stabilizer 100. The compression limiter 160 may be removed by pulling it
from the proximal end 116 after the length of the standing portion 102 is properly adjusted.
[00103] Referring to FIGS. 24A-24B, the plate 11 and graft 80 are shown with a different
line 170. Line 170 may be routed through the passageways 14 of plate 11 as described above
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for line 24, or at least as described for the portion of line 24 including the first working
portion 26, the first locking portion 104, and the standing portion 102.

[00104] Line 170 includes an outer layer 172 and an inner portion 174. The outer layer 172
may be a braided or woven sheath, which may also be called a mantle. The inner portion 174
may be monofilament, multifilament, straight, twisted, braided, woven, or the like. The inner
portion 174 may be slidably received in the outer layer 172. Line 170 may include a first
working portion 176 like working portion 26, a first locking portion 178 like locking portion
104, and a standing portion 180 like standing portion 102. The first locking portion 178 may
include a first compression section 182 like compression section 25 and a first constricted
section 184 like constricted section 106. Line 170 may also include a second working portion
186 like working portion 30 and a second locking portion 188 like locking portion 108. The
second locking portion 188 may include a second compression section 192 like compression
section 27 and a second constricted section 194 like constricted section 110. The outer layer
172 may cover some or all of the inner portion 174. The outer layer 172 may be present in
one or more of the portions 176, 178, 180, 182, 184, 186, 188, 192, and 194.

[00105] Line 170 may be drawn through the plate 11 to adjust the length of the standing
portion 180 in a manner similar to that described in the preceding embodiments. The outer
layer 172 and inner portion 174 may be pulled together through the plate 11. Alternatively,
only the outer layer 172 or inner portion 174 may be pulled through the plate 11. For
example, the inner portion 174 may be pulled through the plate 11, causing the outer layer
172 to bunch up. The outer layer 172 may be present in the constricted section 184, as shown.
In another example, the outer layer 172 may be present in the standing portion 180 and absent
in the constricted section 184. In yet another example, the free end of the working portion
176 may be fixed to the plate 11 or support.

[00106] Referring to FIGS. 25A-25B, the plate 11 and line 24 of fixation device 10 of FIG.
1 are shown with another line lock stabilizer 200 and the graft 80. The line 24 may be routed
through the passageways 14 of the plate 11 to create a self-locking slide as in FIG. 1.

[00107] The line lock stabilizer 200 may be a filament routed through one or more of the
passageways 14 of the plate 11. For example, the line lock stabilizer 200 may be a single
strand formed into a continuous loop by a knot 202, splice, crimp, or other securing means. A
portion of the line lock stabilizer 200 may be passed through the passageway 14a and an end
16 or 18 of the plate may be passed through a remainder of the line lock stabilizer 200 so that
the line lock stabilizer 200 loops over the plate 11 on opposite sides of the passageway 14a as

shown in FIG. 25A. The line lock stabilizer 200 may be said to be doubled over the plate 11.
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A handle 204 may be included with the line lock stabilizer 200. The handle 204 may rest over
the doubled line lock stabilizer 200 and may be broader than the line lock stabilizer 200. The
handle 204 may be a tube, and may have a slot 206 along its length so that the line lock
stabilizer 200 may slide laterally in and out of the handle 204.

[00108] Referring to FIGS. 21 and 25B, the line lock stabilizer 200 may be doubled over
the plate 11 before the plate 11, line 24, and graft 80 are passed through the tunnel 92. The
line lock stabilizer 200 may be aligned with the standing portion 102 and the graft 80 before
the first filament 44 is used to pull the plate 11 through the tunnel 92, as described previously
so that the graft is in the first segment 96, the first working portion 26 extends laterally
beyond the plate 11, and the free ends of the ACL graft and line lock stabilizer 200 extend
medially beyond the mouth of the first segment 96. Once the plate 11 clears the bone tunnel
92, the plate 11 may be flipped to rest congruently on the bone surface around the bone
tunnel 92. The plate 11 may be flipped by pulling on the second filament 46 or by pulling on
the line lock stabilizer 200. The line lock stabilizer 200 may be used to pull the plate 11
against the bone surface or other support while the first working portion 26 is pulled to draw
the line 24 through the plate 11 to adjust the length of the standing portion 102. If desired, the
second working portion 30 may also extend laterally beyond the plate 11 alongside the first
working portion 26. The line lock stabilizer 100 may be used to pull the plate 11 against the
bone surface while the second working portion 30 is pulled to draw the line 24 through the
plate 11 to adjust the length of the standing portion 102. The first and second working
portions 26, 30 may be pulled independently, alternately, or simultaneously.

[00109] When the apparatus and methods of line lock stabilizer 200 are compared to those
for line lock stabilizer 100, certain differences may be observed. Line lock stabilizer 200 acts
through the bone tunnel 92 in the same way that tension on the graft 80 will act over the long
term. The laterally-extending elements associated with line lock stabilizer 200 are all suture
or filament structures, which may be much smaller in diameter than line lock stabilizer 100.
Therefore, the use of line lock stabilizer 200 may result in a smaller lateral wound (i.e., scar).

[00110] In another example, a line lock stabilizer may be a single strand routed through
passageway 14a of the plate 11 and beside the periphery 40 of the plate 11. In this example,
the line lock stabilizer may be said to be folded over a portion of the plate 11. In this
example, the free ends of the line lock stabilizer may be pulled simultaneously. Alternatively,
the ends may be knotted or otherwise secured together, and an optional handle may be used

to improve comfort while pulling on the line lock stabilizer.
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[00111] The second filament 46 may also be used as a line lock stabilizer. As described
above, the second filament 46 may be coupled to the plate 11 or line 24 and may remain in
the bone tunnel 92 after the plate has been flipped or toggled to rest against the bone surface.
Therefore, the second filament 46 may be used to pull the plate 11 down against a bone
surface or other support.

[00112] Referring to FIGS. 26A-26B, another line lock apparatus 220 is shown with the
line 24 and the first filament 44. The line lock 220 may include a plate 222 and a toggle
member 224.

[00113] The plate 222 may share some or all of the characteristics set forth for plate 11 or
any of the other line locks disclosed herein. The plate 222 may include a plurality of
passageways 226.

[00114] The toggle member 224 may be a generally elongated component, such as a
generally rectangular or oval solid. The toggle member 224 may be another plate-like
structure.

[00115] The toggle member 224 may be coupled to the plate 222. A coupling 228 may
position the toggle member 224 transverse to the plate 222. The coupling 228 may permit the
toggle member 224 to move relative to the plate 222 through a range of motion. The coupling
228 may be a hinge, a swivel, a joint, a pivot, a tether, a deformable element, or the like. The
range of motion may include a position in which the toggle member 224 is transverse to the
plate 222, and a position in which the toggle member 224 is aligned with the plate 222. The
range of motion may also include a position in which the toggle member 224 is perpendicular
to the plate 222, and a position in which the toggle member 224 is parallel to the plate 222.
[00116] Referring to FIG. 26B, the first working portion 26, first locking portion 104, and
standing portion 102 of the line 24 may be routed through at least some of the passageways
226 of the plate 222 in the manner described above for plate 11 in FIG. 1. The second
working portion 30 may be secured to the toggle member 224. In this arrangement, when the
plate 222, toggle member 224, and line 24 are operatively assembled, the first working
portion 26 and standing portion 102 may be said to extend from the same side of the toggle
member 224. The plate 222, toggle member 224, and line 24 may also be said to extend from
opposite sides of the plate 222. In another example, the second working portion 30, second
locking portion 108 may be routed through at least some of the passageways 226 as an
alternate to, or in combination with, the portions 26, 104, and 102.

[00117] Referring to FIGS. 21 and 26B, an object such as an ACL graft 80 may be folded

over the standing portion 102. The first filament 44 may be used to pull the line lock 220, line
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24, and graft 80 through the bone tunnel 92 so that the toggle member 224 exits the second
segment 98, the standing portion 102 extends through the second segment 98 into the first
segment 96, the folded portion of the ACL graft 80 is in the first segment 96, and the first
working portion 26 extends medially beyond the mouth of the first segment 96. The line lock
220 may pass easily through the bone tunnel 92 when the toggle member 224 is aligned with
the plate 222 and the line lock 220 is passed lengthwise through the bone tunnel 92. Once the
toggle member 224 clears the bone tunnel 92, the toggle member 224 may be flipped to rest
congruently against the bone surface around the bone tunnel 92. The toggle member 224 may
be said to be transverse to the bone tunnel 92. The plate 222 remains in the bone tunnel 92.
The line lock 220 may be said to expand as the toggle member 224 moves from an aligned
position to a transverse position relative to the plate 222. In this example, the line lock 220
may be automatically stabilized against the bone surface when the first working portion 26 is
pulled through the bone tunnel 92 to draw the line 24 through the plate 222 to adjust the
length of the standing portion 102. The first working portion 26 may be said to act as a line
lock stabilizer in this arrangement. The first working portion 26 is aligned with the standing
portion 102 because both extend through the bone tunnel 92. Therefore, tension on the first
working portion 26 is aligned with tension on the standing portion 102 by the graft §0.
[00118] Referring to FIG. 27, the plate 11, line 24, and first filament 44 are shown with a
line lock tensioner 240. The tensioner 240 may provide one or more of the functions of
stabilizing the plate 11, reducing compression on the constricted section, or applying tension
to draw the line 24 through the plate 11.

[00119] The tensioner 240 may include a pair of opposing arms 242, 244 movably coupled
together. The arms 242, 244 may open and close along a linear or angular path. FIG. 27
shows arms 242, 244 movably coupled together to open and close along an angular path. In
one example, the arms 242, 244 may be coupled together by an arcuate rail sliding in an
arcuate slot of complementary shape, such as dovetail or T-shape. A ratchet, gear, or motor
may be provided in some examples.

[00120] The first arm 242 may couple to the first working portion 26 and the second arm
244 may couple to the first filament 44. For example, the arms 242, 244 may include locking
jaws (not shown) within which the first working portion 26 and first filament 44 may be
clamped. The arms 242, 244 may be close together, or closed, when initially coupled to the
first working portion 26 and first filament 44. The arms 242, 244 may then be separated, or
opened, to apply tension to the first working portion 26 to draw the line 24 through the plate

11, and counter tension to the first filament 44 to stabilize the plate 11. The tensioner 240
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may pull the first working portion 26 and first filament 44 at oblique angles to the plate 11, or
parallel to the plate 11. This arrangement may overcome at least some of the resistance
provided by the tortuous pathway of the line 24 through the plate 11.

[00121]  Referring to FIG. 28, a multi-function instrument 300 may provide several
functions to adjust a line lock in-situ is illustrated. The line lock may have similar or identical
features to the line locks described previously. The instrument may be used to press a line
lock against a femoral cortex, to release a compression section on the line lock and to pull a
filament or line to adjust a standing portion, for example to tension a graft.

[00122]  Instrument 300 may include a handle section 302 that may include a lever arm
304 attached to a stationary beam 306. The lever arm 304 may be proximal to the stationary
beam 306 and may be connected to the stationary beam 306 via a rod 308, screw or other
connecting device. The rod 308 may form a pivot point, about which the lever arm 304 may
rotate to change orientation relative to the stationary beam 306. The lever arm 304 may
include a free end portion 310 and a working portion 312. The rod 308 may be located in the
working portion 312 or at a junction between the free end portion 310 and the working
portion 312.

[00123]  In another example of instrument 300, the handle section 302 may resemble a
trigger-like mechanism, wherein the lever arm 304 may extend below the stationary handle
306 and may be pulled toward the stationary handle like a trigger to actuate the instrument.
[00124]  Instrument 300 may also include a working section 314, which may extend
distally from the handle section 302 generally transverse to the stationary beam 306. The
working section 314 may include a compression limiter 316, a line lock stabilizer 318 and a
cord 320 that may be used as a means for adjusting a line on a line lock plate by drawing the
line through the plate.

[00125]  The working section 314 may also contain a spring-biased carriage 322 that may
include suture tie posts 324 to connect the compression limiter 316 to the stabilizer 318. The
carriage 322 may be coupled to the working section 314 and/or the working portion 312. The
compression limiter 316, which may also be referred to as an unlocking suture, may include a
proximal portion 326 that is connected to the suture tie posts 324 of the spring-biased
carriage 322. The compression limiter 316 may extend distally from the suture tie posts 324
and may be generally aligned with the stabilizer 318. The compression limiter 316 may also
include a distal portion 328 that may include a loop 330, a hook, an eyelet, a clinch, or other
connecting feature to connect the compression limiter 316 to a compression section on a line

lock plate. The compression section may be positioned across the loop 330 such that when
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the instrument 300 is actuated, the compression limiter 316 may lift the compression section
to allow a line that is mounted on the line lock plate to be drawn across the plate.

[00126] The stabilizer 318 may include a rigid, cylindrical body 332 and a cannula 334.
Alternatively, the body 332 of the stabilizer 318 may be polygonal, curved, or another shape.
The stabilizer 318 may also include a proximal portion 336 that connects to the stationary
beam 306 of the handle section 302. The stabilizer 318 may be connected to the stationary
beam 306 via a weld or other connecting methods known in the art to provide secure fixation.
The stabilizer 318 may also include a distal portion 338, which may have a distal face 340
that may be flat to contact a line lock plate and to press the line lock plate against a bone face
or other surface to prevent the plate from slipping, flipping or moving during in-situ
adjustment of the line on the plate. Alternatively, the distal face 340 may be rounded to match
the contour of a desired line lock shape or bone surface. The distal face 340 may include any
previously described means to engage the plate.

[00127] The cord 320, which may be a suture that is doubled back on itself, may be a
means for adjusting a line on a plate, and may be received in the cannulated portion 334 of
the stabilizer 318. The cord 320 may have a proximal portion 342, which may be connected
to the working portion 312 of the lever arm 304. The cord 320 may also have a distal portion
344 that may extend from the distal face 340 of the stabilizer 318, and may include a loop
346, hook, eyelet, crimp, or other connecting method for attaching to a line that is mounted
on a line lock plate. In operation, the line may be draped through the distal loop 346 such that
when the instrument is actuated, the cord 320 retracts distally to pull the line along the line
lock plate. In another example, the distal loop 346 may pass through an eyelet formed in the
line.

[00128] In operation, the instrument 300 may be positioned such that the distal face 340
of the stabilizer 318 is placed against the line lock. The line that is mounted on the line lock
may be placed through the loop 346 at the distal portion 338 of the cord 320. The
compression limiter 316 may be connected to a compression section of the line by attaching
the loop 330 of the distal portion 328 to the compression section. The instrument 300 may
then be actuated by compressing the free end 310 of lever arm 304 towards the stationary
beam 306. The lever arm 304 rotates around the rod 308 such that as the free end 310 moves
towards the stationary beam 306, the working portion 312 is lifted proximally, as indicated by
movement arrows 348 and 350. The proximal motion of the working portion 312 pulls the
cord 320 proximally through the cannula 334 of the stabilizer 318. Additionally, as the handle

section 302 is compressed 348, the spring-biased carriage 322 may be lifted proximally to lift
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the compression limiter 316, which may then lift the compression section of the line. As the
compression section is lifted, the line may be easily pulled along the plate and adjusted. The
force applied onto the line lock plate against a bone surface by the stabilizer 318 may help to
prevent the plate from slipping or moving during the adjustment.

[00129] When the line has been sufficiently adjusted, the compressed handle section 302
may be released. As the lever arm 304 is returned to its original position, the spring-bias may
urge the carriage 322 to move distally. The distal movement of the spring-biased carriage 322
and the attached compression limiter 316 may cause the compression section to press another
portion of the line against the plate to fix the line to the plate and prevent further adjustment.
[00130]  Alternatively, the instrument 300 may be used to flip the line lock plate in-situ by
attaching the cord 320 to the line on the line lock and actuating the instrument by
compressing the handle section 302. In this application, the stabilizer 318 is not placed
against the plate, so the plate is free to move in response to tension applied to the line by
instrument 300. In another example, the distal portion 328 and the distal portion 344 may be
coupled to the first filament 44 and second filament 46, and the instrument 300 may be
actuated to flip the line lock plate.

[00131] FIGS. 29A and 29B illustrate another example of an instrument 360 that may be
used to adjust a line lock in-situ. Instrument 360 may include a handle section 362, a wheel
portion 364 and a distal working section 366. The handle section 362 may include a lever arm
368 that extends distally from a stationary beam 370 at an oblique angle so as to resemble a
trigger mechanism.

[00132]  The distal working section 366 may extend distally generally transverse to the
handle section 362. The distal working section 366 may include a line lock stabilizer 372, a
compression limiter 374 and a cord 376. The stabilizer 372, which may also be referred to as
a tension instrument tube, may include a rigid, cylindrical body 378 and a cannula 380. The
stabilizer 372 may also include a distal face 382 that may contact a line lock plate in use to
keep the plate from slipping during adjustment. Plate 11 is illustrated in FIG. 29A. The distal
face 382 may include any previously described means to engage the plate. The compression
limiter 374, which may also be referred to as an unlocking suture, may be received in the
cannula 380. The compression limiter 374 may also include a distal loop, hook, eyelet, clinch
or other connection feature to engage a compression section of a line. The compression
limiter 374 may also include a proximal portion 386 that connects to an inner wheel 388 in

the wheel section 364.
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[00133] The cord 376 may also be received by the cannula 380 of the stabilizer 372. A
proximal portion 392 of the cord 376 may connect to an outer wheel 390 in wheel section
364. The cord may include a distal hook 392, loop, eyelet or other connection feature to
engage a line mounted on a line lock plate.

[00134] The wheel section 364 may be positioned at the intersection between the handle
section 362 and the working section 366. The wheel section 364 may include the inner wheel
388 and the outer wheel 390, wherein the diameter of the inner wheel 388 may be smaller
than the diameter of the outer wheel 390. The outer wheel 390 may include at least one
feature 396 that connects the cord 376 to the outer wheel 390. In one example, the connection
feature 396 holds the cord 376 away from the surface of the wheel 390. The outer wheel 390
may also be fixed to the lever arm 368. The inner wheel 388 may include at least one feature
398 to connect the compression limiter 374 to the inner wheel 388. The inner wheel 388 may
be integrally formed or separately formed from the outer wheel 390, and may be situated in
the center of the outer wheel 390.

[00135] The wheel section 364 may be encapsulated in a frame 400 that is continuous
with the stationary beam 370, wherein the lever arm may extend outward from a slit or
channel 402 on the distal side of the frame.

[00136] In operation, instrument 360 may be positioned such that the distal face 382 of
stabilizer 372 may contact a line lock plate and secure the plate to a bone surface. The cord
376 may be attached to a line that is mounted on a line lock plate by looping the line through
the hook on the distal portion 392 of the cord 376. The compression limiter 374 may be
connected to a compression section of the line by looping the compression section through
the distal loop of the compression limiter 374.

[00137] The lever arm 368 may then be compressed such that it may slide along the
channel 402 in the frame 400 towards the stationary beam 370. As the lever arm 368 is
compressed, it may cause the outer wheel 390, which is fixed to the lever arm 368, to rotate
clockwise. As the outer wheel 390 rotates, the inner wheel 388, which may be fixed to the
outer wheel 390 also rotates clockwise. In another example, the inner and outer wheels 388,
390 may rotate counterclockwise when the lever arm 368 is compressed. As the inner wheel
390 rotates, attached compression limiter 374 is drawn proximally such that the distal loop
and the attached compression section is drawn upward, releasing the compression section. As
the outer wheel rotates 388, the attached cord 376 is also drawn proximally such that the
distal hook is pulled at least partially into the cannulated shaft 380 of the stabilizer 372. As

the distal hook is pulled proximally, the attached line may be drawn along the plate.
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[00138] The rotation of the inner wheel 390, which has a relatively small diameter, causes
a small vertical displacement of the compression limiter 374 compared to the displacement
distance of the cord 376, which is connected to the larger, outer wheel 388. Therefore, the
compression section on the plate may be pulled upwards a small distance to release the
compression section, while the cord 320 and attached line may have a greater length of
displacement for adjustment.

[00139]  Other examples of instrument 360 may employ different mechanisms to displace
the cord 376 more than the compression limiter 374 when the lever arm 368 is actuated. In
one example, the cord 376 and compression limiter 374 may be connected directly to an
extension of the lever arm 368, with the cord 376 far from the pivot point and the
compression limiter close to the pivot point. In another example, the lever arm 368 may drive
one or more gears which cause translation of carriages (not shown) proximally along the
working section 366.

[00140] FIGS. 30A-B illustrates another example of an instrument 420 that may be used
to adjust a line lock in-situ. Instrument 420 includes a proximal handle 422, a line lock
stabilizer 424, and a suture shuttle 450 that may be used to adjust a line mounted on a line
lock.

[00141]  The proximal handle 422 may have a substantially rectangular body 430, and
may include at least one flange or beam 432 that extends beyond the rectangular body. The
handle 422 may include a cannulated portion 433.

[00142]  The stabilizer 424 may include a rigid, hollow body 434, which may be
cylindrical, or may be a variety of other shapes. The stabilizer may include a cannula 436,
which may be continuous with the cannulated portion 433 of the handle 422. The stabilizer
424 may include a distal working end 438. The working end 438 may include a window
portion 440. The window portion 440 may be surrounded by at least one wall 442 that
extends distally and may contain a distal face 444 that intersects the wall 442. The distal face
may have a semicircular shape and, in use, may contact the line lock plate to prevent the plate
from slipping during adjustment. The distal face 444 may include any previously described
means to engage the plate.

[00143] The working end 438 may also include a snare or the suture shuttle 450. The
suture shuttle 450 is illustrated with a plate 11 and a line 24 in FIG. 30B. The suture shuttle
450 may extend through the cannula 436 of the stabilizer 424 and the cannulated portion of

handle 422. The suture shuttle 450 may extend outwards from the proximal surface of the
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handle 422 and the distal face 444. The suture shuttle 450 may extend laterally from the
window 440.

[00144] In operation, a user may grip the handle 422 to position the distal face 444
against the line lock plate and apply force against the line lock device. As pressure is applied,
the suture shuttle 450 may pass outward from the window portion 440 of the working end
438. A portion of the line 24 may be secured to the suture shuttle 450, for example by passing
a free end of the line 24 through a looped distal portion of the suture shuttle. The suture
shuttle 450 may be drawn proximally out of the instrument 420, thus drawing the line 24
through the cannulae 436 and 433. The suture shuttle 450 may be used to draw the line 24
through the plate 11 to adjust the length of a standing portion of the line, or the line 24 may
be pulled directly if it is long enough to extend from the proximal end of the handle 422.
[00145] FIG. 31A-31D depict a method for adjusting a line lock, for example on the
lateral side of the femur, that provides securing of the line lock to the femur, tensioning of the
line and may also include cutting excess line after tensioning is complete.

[00146] The method may include positioning a line lock 652 such that it lies against a
bone surface, for example on the lateral side of the femur, such that a standing portion of a
line 24 or cord and an attached graft are at least partially contained in a bone tunnel and such
that there is some slack in the cord, as described previously. A free end of the line 24 may be
positioned outside of the tunnel such that it extends outside of the body.

[00147]  Referring to FIG. 31B, a tensioner instrument 660 may include a handle portion
662 and a working portion 664. Handle portion 662 may include a trigger arm 672 and a
stationary portion 666. The stationary portion 666 may include a distal grip portion 668 and a
proximal cannulated portion 670. The trigger arm 664 may extend distally from the proximal
cannulated portion 670 of the stationary portion 666, and may be compressible such that
when tension is applied the trigger arm 664 may be pulled towards the grip portion 668.
[00148] The working portion 664 may extend from the cannulated portion 670 of the
handle portion 662 and may include a neck portion 675 and an elongated shaft or rod 674,
which may also be cannulated. The neck portion 675 may be rotatable and may be used as a
cutting tool to remove excess cord. The working portion may also contain a line lock-
engaging tip portion 676, which may include a window portion 678 and a line lock-engaging
feature. The line lock-engaging feature may be any of the previously described means to
engage the plate.

[00149] In an example of use, the line lock 652 may be positioned against the lateral side

side of the femur with the graft positioned at least partially in the tunnel 92 and a free end of
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the cord positioned outside of the body. The tensioner instrument 660 may be positioned over
the cord such that the free end may be received in the cannulated portion of the elongated rod
and further through the cannulated portion of the handle portion. The trigger arm may then be
compressed and released repeatedly, as seen best in FIG. 31 C, to create a ratcheting motion
of the tensioner instrument 660. The ratcheting of the trigger may pull on the free end of the
cord, which may pull the graft up the tunnel. Once the graft is in place, the neck portion 675
may be rotated to cut excess cord, for example, with a sharpened edge of the window 678.
[00150] FIG. 32 depicts an example of a line lock delivery system through a bone tunnel.
The delivery system includes a line lock 550 and a cannula 552.

[00151]  The cannula 552 may include an elongated, fixed arm 554 and a tip portion 556.
The fixed arm 554 may be cylindrical or may be shaped to match the contour of the bone
tunnel. The arm 554 may be slotted along its length. The tip portion may have a bone-tunnel
facing surface 562. The surface 562 may be obliquely angled relative to the length of the arm
554.

[00152]  The line lock 550 may have features similar or identical to the line locks
previously described, including a body 564. The body 564 may include a first surface 558
and a second surface 560 opposite the first surface 558. A line 24 may be routed through one
or more passageways in the body 564 as described previously.

[00153] In operation, the line lock 550 may be mounted on the tip portion 556 of the
cannula 552 such that the first surface 558 contacts the tip portion 556 of the cannula 552 and
lies along the bone-tunnel facing surface 562 of the cannula 552. The length of the body 564
may be greater than the outside diameter or width of the cannula 552, however, the surface
562 may be obliquely angled so that the length of the surface 562 is similar to the length of
the body 564. In this arrangement, the cannula 552 holds the line lock 550 in an orientation
that reduces the effective length of the line lock 550 to fit through a tunnel. The line lock 550
may be reversibly attached to the bone-tunnel facing surface 562 of the cannula 552 such that
once the line lock 550 has been positioned along a desired bone surface, the cannula 552 can
be retracted to detach from the line lock. The second surface 560 of the line lock may be
positioned such that it faces away from the cannula 552 and towards the bone tunnel. Free
ends and standing portions of the mounted line 24 may extend from the first surface 558 into
the cannula. The cannula 552 may then be used to insert the line lock 550 into the bone
tunnel by pushing the body 564 and line into the bone tunnel until the line lock 550 emerges
on the opposite side of the bone tunnel. The cannula 552 may then be rotated axially such

that shear forces due to the rotation cause the line lock 550 to become detatched from the tip
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portion 556. The line lock 550 may re-orient itself to rest against the bone surface after
detaching from the tip portion 556. In the new orientation, the length of the line lock 550 may
be transverse or perpendicular to the bone tunnel. In this arrangement, the effective length of
the line lock 550 may be greater than the diameter of the bone tunnel, so that the line lock
550 resists being pulled back through the tunnel. The cannula 552 can then be retracted
through the bone tunnel, leaving the free ends and standing loop portions of the line to hang
through the tunnel where they are available for adjustment.

[00154]  FIGS. 33-34 illustrate devices for adjusting a line lock 565 in situ that may be
attached directly to the line lock 565 or provided as a separate piece. The line lock 565 may
include features similar or identical to those described previously, including a body or plate
568. The plate 568 may include a first surface 580 that extends between a first end 582 and a
second end 584. At least one of the ends 582, 584 may contain a dogbone feature. The line
lock 565 may include a second surface 586 opposite the first surface 586.

[00155]  The line lock 565 may also include a line 590 that is mounted on the plate 568,
wherein the line 590 may include a standing loop portion 594 that extends from at least one
surface 580, 586 of the plate 568. The line 590 may be routed through one or more
passageways in the plate 568 as described previously. The line 590 may include a
compression section 596, where a portion of the line crosses itself to fix the line 590 to the
body 565 to the plate.

[00156] FIG. 34 depicts a system that includes a compression limiter 570 to allow for a
line to be adjusted on a line lock in siti. The compression limiter 570 may be a tubular
sleeve. The tube may be slotted along its length in some examples. The compression limiter
570 may also include a cord 573, wherein the cord 573 may include a trailing portion 574,
and a tensioning portion 576. The compression limiter 570 may be pre-installed on the line
590 under the compression section 596, or may be added as a separate piece by a snap-in
mechanism, reversible adhesive mechanism, threading the line through the compression
limiter, or other means to connect the tubular sleeve 570 to the line. The tubular sleeve may
include a first end 584 and an opposite second end 586. One or both of the ends 584, 586 may
include a protruding tab or tongue 585. The tubular sleeve 570 may be placed such that it
encapsulates a portion of the line 590 under the compression section 596. The tube 570 is
therefore placed under the compression section 596 to lift the compression section 596,
allowing the line 590 to be drawn along the plate 568 easily in either direction.

[00157]  The compression limiter 570 may contain at least one passageway. Referring to

FIG. 33, compression limiter 570 contains one passageway 575 near the second end 586 of

33



WO 2012/047925 PCT/US2011/054811

the tubular sleeve 570. The cord 573 may be threaded through the passageway 575 such that
the portion of the cord 573 that is oriented closer to the first end 582 of the body 568 is the
trailing portion 574 and the portion of the cord 573 that is oriented towards the second end
584 is the tensioning portion 576. The trailing portion 574 may contain a knot 577 that
prevents the cord 573 from being pulled completely through the passageway 575.

[00158] In operation, the tubular sleeve 570 may be placed on the line 590 under the
compression section 596. The tube 570 may be dimensioned so that there is little or no
resistance to the movement of the line 590 through the tube 570. The line 590 may then be
drawn along the plate 568 in either direction to adjust the line in situ. After adjustment, the
tube 570 may be removed by applying a force on the tensioning suture 576 to pull the tube
570 off of the line 590. As force is applied to the tensioning suture 576, the knot 577 in the
trailing suture 574 may move to contact the tube 570, and the tube 570 may be pulled from
the line 590. As the tube 570 is removed, the compression section 596 may fix an underlying
portion of the line 590 to the plate 568 to prevent further adjustment of the line 590.

[00159]  The system illustrated in FIG. 34 is similar to the system described in FIG. 33.
The system includes a compression limiter 600. The compression limiter may be a tubular
sleeve similar or identical to that shown in FIG. 33. The tubular sleeve 600 acts to lift or
disengage a compression section 596 on a line lock plate to allow the line to move along the
plate. Like the tubular sleeve 570 depicted in FIG. 33, the tubular sleeve 600 may be
preinstalled or may be added separately to the line 590. The tubular sleeve 600 may include a
cord 602 or suture or filament that is attached to at least one end of the tubular sleeve 600.
Additionally, a tensioning suture 604 or filament may be attached to a portion of the line 590
that extends from the sleeve 600 to adjust the line. The line 590 may also be adjusted directly,
and may be longer than illustrated. After adjustment of the line 590 on the plate 568, the
tubular sleeve may be removed by pulling on the cord 602 to lift the tube 600 away from the
line 590. After removal of the tube 600, the compression section 596 may engaged a portion
of the line 590 to fix the line 590 to the plate 568 and prevent further adjustment.

[00160] FIG. 35 illustrates an alternate system for adjusting and securing a line lock. The
line lock 620 may be similar to line locks described previously in this application. A line 590
may be routed through passageways in the line lock 620 as described previously. The line
lock 620 and line 590 may be passed through a bone tunnel using a cannula or other delivery
device.

[00161]  The line lock 620 may be passed at an angle to the bone tunnel as described in
FIG. 32. After line lock 620 emerges from the tunnel, the line lock 620 may be flipped using
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at least one button-flipping filament 622 attached to at least one end of the line lock 620.
After flipping, the line lock 620 may lie across the tunnel and the standing loop 594 and
attached graft may extend into the tunnel. The other end of the graft may be fixed to another
support or bone, for example to a proximal tibia in an ACL reconstruction procedure. The
standing loop 594 may then be tensioned by pulling on a free end 624 of the line 590 that is
routed through the line lock 620. In this arrangement, the line lock 620 is stabilized during
tensioning by the standing loop 594 connected to the graft fixed at its other end to a support.
[00162] FIG. 32 illustrates an instrument that delivers an expanding anchor end that may
be used through a bone tunnel to secure a graft to the bone. The device shown is an
expandable line lock that may be passed through a bone tunnel and expanded once. Line lock
500 includes a body 502 with a plurality of passageways to secure a line 504 to the body. The
body includes a first bone-facing surface 506, and a second surface 508 opposite the first
surface. The first surface 506 and second surface 508 extend between a first end portion 510
and a second end portion 512. The structure of the line lock may be substantially similar or
identical to line lock structures described previously in this application.

[00163] The line 504 is mounted on the line lock such that the line is passed from the first
surface 506 towards the second surface 508 through one of the passageways. A free end 514
of line 501 extends from the first surface 506 of the body 502. The line 504 then passes over
the second surface 508, or may pass through a cavity contained within the line lock body 502,
and passed back towards the first surface 506 through another passageway to form a standing
loop portion 516. Standing loop portion 516 may be secured to a graft by passing the graft
over the loop 516. The loop 516 may be substantially contained within a bone tunnel. The
line then passes through yet another passageway from the first surface 506 towards the
second surface 508 and is connected to the body 502 at a secured end 518 via a pin 520, rod,
or other fastening mechanism to secure the line to the body.

[00164] In operation, a graft may be secured to the loop prior to line lock insertion into a
bone tunnel. The body 502 with the line 504 mounted on the body 502 may be then
transitioned from an extended position to an insertion position to enter the bone tunnel. The
body 502 may be compressible, such that the body 502 is biased towards an extended
position and compressed to overcome the bias in the bone tunnel. The compressed body 502
may be urged along the bone tunnel using an instrument or pulling device until the body 502
can extend from the opposing side of the tunnel. After the body has emerged from the bone
tunnel, the body may return to the extended position to prevent the body 502 from reentering

the bone tunnel and securing the line lock 500 such that the bone-facing surface 506 of the
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body 502 is contacting the bone surface. The line lock 500 may then be adjusted using the
free end 514 of the line 504 that extends from the end of the bone tunnel opposite the line
lock 500.

[00165]  Alternatively, the body 502 may have fins, barbs, teeth or other protrusions that
may be biased towards an extended position, and may be compressed into slots or channels
on the body during insertion. Once the body has emerged from the tunnel, the fins may be
released to prevent the body 502 from sliding back into the tunnel. In another embodiment,
the fins or barbs may be contained within the body 502, and actuated to extend from the body
502 once the line lock 500 has been passed through the tunnel.

[00166] All of the embodiments illustrated and described herein may have features mixed
and matched to create a plate of physician’s choice. The plurality of passageways 14 may be
spaced apart at greater or lesser distance from one another. Similarly the plurality of
passageways 14 may reside nearer or further from the periphery 40 of the plate 11. Each of
the plurality of passageways 14 may be smaller or larger so long as they are capable of
receiving at least one line and/or filament.

[00167] The technology disclosed herein may be embodied in other specific forms without
departing from its spirit or essential characteristics. For example, above are described various
alternative examples of plates and securing of lines as well as routing of the line and the
routing of filaments. It is appreciated that various features of the above-described examples
can be mixed and matched to form a variety of other combinations and alternatives. It is also
appreciated that this system is not limited to simply ACL repair and fixation. This system
may also be used to secure other ligaments, tendons or soft or hard tissue. As such, the
described embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated by the appended claims rather
than by the foregoing description. All changes which come within the meaning and range of

equivalency of the claims are to be embraced within their scope.
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CLAIMS

1. A system comprising:

a line lock, wherein the line lock comprises a body at least partially bounding a
plurality of passageways;

a line comprising a standing portion and a locking portion, wherein the line is routed
through at least some of the passageways, wherein the locking portion comprises a
constricted section and a compression section, wherein the compression section fixes
the constricted section on the body;

a line lock stabilizer, wherein the line lock stabilizer stabilizes the line lock against a
structure while the length of the standing portion is adjusted; and

a compression limiter, wherein the compression limiter releases the compression
section to allow a length of the standing portion to be adjusted.

2. The system of claim 1, wherein the line lock stabilizer comprises a first surface,
wherein the first surface contacts the line lock, wherein when the first surface contacts
the line lock, the line lock is secured against the structure.

3. The system of claim 3, wherein the structure is selected from the group consisting of a
bone, a tendon, a ligament, a muscle, a connective tissue, a graft, an implant, and a
prosthesis.

4. 'The system of claim 1, wherein the compression limiter comprises an engaging
feature, wherein the engaging feature connects the compression limiter to the
compression section.

5. 'The system of claim 4, wherein when the engaging feature connects the compression
limiter to the compression section, actuation of the compression limiter releases the
compression section from the body.

6. The system of claim 1, comprising:

a means for adjusting the line, wherein the means for adjusting the line adjusts the
length of the standing portion.

7. 'The system of claim 6, wherein the means for adjusting the line comprises a line-
engaging feature, wherein the line-engaging feature connects the means for adjusting
the line to the line.

8. The system of claim 7, wherein when the line-engaging feature is connected to the
line, actuating the means for adjusting the line adjusts the length of the standing

portion.
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10.

11

13.

14.

15.

16.

17.

The system of claim 7, wherein the line-engaging feature connects the means for
adjusting the line to a connection point on the line, wherein the means for adjusting
the line pulls the line along the body to move the connection point a first distance
from the body.

The system of claim 9, wherein the compression limiter releases the compression

section by moving the compression section a second distance from the body.

. The system of claim 10, wherein the first distance is larger than the second distance.

12.

A system comprising:

a line lock, wherein the line lock comprises a body at least partially bounding a
plurality of passageways;

a line comprising a standing portion and a locking portion, wherein the line is routed
through at least some of the passageways, wherein the locking portion comprises a
constricted section and a compression section;

a line lock stabilizer, wherein the line lock stabilizer stabilizes the line lock against a
surface while the length of the standing portion is adjusted; and

a means for adjusting the line, wherein the means for adjusting the line adjusts the
length of the standing portion.

The system of claim 12, wherein the line lock stabilizer comprises a first surface,
wherein the first surface contacts the line lock, wherein when the first surface contacts
the line lock, the line lock is secured against the structure.

The system of claim 13, wherein the structure is selected from the group consisting of
a bone, a tendon, a ligament, a muscle, a connective tissue, a graft, an implant, and a
prosthesis.

The system of claim 12, comprising:

a compression limiter comprising an engaging feature, wherein the engaging feature
connects the compression limiter to the compression section.

The system of claim 15, wherein when the engaging feature connects the compression
limiter to the compression section, actuation of the compression limiter releases the
compression section from the body.

The system of claim 12, wherein the means for adjusting the line comprises a line-
engaging feature, wherein the line-engaging feature connects the means for adjusting

the line to the line.
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18.

19.

20.

21

The system of claim 17, wherein when the line-engaging feature is connected to the
line, actuating the means for adjusting the line adjusts the length of the standing
portion.

The system of claim 17, wherein the line-engaging feature connects the means for
adjusting the line to a connection point on the line, wherein the means for adjusting
the line pulls the line along the body to move the connection point a first distance
from the body.

The system of claim 19, comprising:

a compression limiter, wherein the compression limiter releases the compression
section to allow a length of the standing portion to be adjusted, wherein the
compression limiter releases the compression section by moving the compression

section a second distance from the body.

. The system of claim 20, wherein the first distance is larger than the second distance.

22.

A system comprising:

a line lock comprising a body at least partially bounding a plurality of passageways,
a line comprising a standing portion and a locking portion, wherein the line is routed
through at least some of the passageways, wherein the locking portion comprises a
constricted section and a compression section, wherein the compression section fixes
the constricted section on the body;

a line lock stabilizer, wherein the line lock stabilizer stabilizes the line lock against a
structure while the length of the standing portion is adjusted; and

a cutter, wherein the cutter is actuatable to cut the line.
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