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SOFT TISSUE FIXATION SYSTEM

[0001] This application claims priority to U.S. Patent Application Serial No. 13/832,201 filed
March 15, 2013, U.S. Patent Application Serial No. 61/786,736 filed March 15, 2013, U.S.
Patent Application Serial No. 13/800,868, filed March 13, 2013, and U.S. Patent Application
Serial No. 61/780,077 filed March 13, 2013.

BACKGROUND

[0002] Common injuries can involve tears of soft tissue, such as tendons and ligaments, and
detachments of soft tissue from one or more underlying bones. As one example, the tendons at
the ends of the rotator cuff muscles can become torn, leading to pain and restricted movement of
the musculoskeletal system. The soft tissue can be conventionally re-attached to bone
arthroscopically, for instance by driving bone anchors into the bone at a desired locations, and
attaching separate strands of suture to each of the bone anchors and the soft tissue. Each of the
separate strands of suture is then tied off to draw the soft tissue against the bone, thereby
allowing reattachment of the soft tissue to the bone. What is desired is an improved method and

apparatus for attaching soft tissue to bone.

SUMMARY

[0003] In accordance with one embodiment, a bone anchor includes a bone anchor body
defining a proximal end, a distal end that is spaced from the proximal end along a longitudinal
axis, and a perimeter that extends between the proximal end and the distal end. The bone anchor
body is configured to receive a strand of suture. At least a portion of the bone anchor body

comprises a deformation material that is responsive to an applied energy so as to deform and,
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when the strand of suture is received by the anchor body, captare the strand of suture with

respect to movement relative to the bone anchor body.

BRIEF BESCRIPTION OF THE DRAWINGS

[0884]  The foregoing sununary, as well as the following detailed description of an cxample
embodiment of the application, will be better understood when read in conjunction with the
appended drawings, in which there is shown in the drawings example embodiments for the
purposes of ithustration. It should be undersiood, however, that the application ts not Hmited to
the precise arcangements and instramerdalities shown, o the drawings:

{6885]  Fig. | s a schematic top plan view of a soft fissue fixation assembly anchored to bone
and retaining 8 soft tissue against the bone, the soft tissue fixation assembly constructed n
accordance with one embodiment.

[0086]  Fig. 2A is a perspective view of a bone anchor of the soft tissue fixation assembly
ilfustrated 1n Fig. 1, showing the bone anchor in accordance with one embodiment;

{60877 Fig 2B is a side elevation view of the bone anchor ilhustrated in Fig. ZA;

{B088]  Fig. 2C is a sectional side clevation view of the bone anchor illustrated in Fig. 24;
[6089)  Fig. 2D is a bottom plan view of the bone anchor iHustrated in Fig. 2A;

[6818] Fig. 2E is a top plan view of the bone anchor ilhstrated in Fig. 2A;

[0811] Fig. 3A is a perspective view of a boue ancher constructed in accordance with an
alternative embodiment;

iBGI2] Fig. 3B is a sectional side elovation view of the bone anchor ilustrated in Fig. 3A;
{8013} Fig 3C is an exploded perspective view of the bone anchor illustrated in Fig. 3A;
{0814] Fig. 4A is a perspective view of a suture extending through opposed channels of the
bone fixation element illustrated in Fig. 2A;

I0G15]  Fig. 4B is a perspective view of a suture extending through adjacent chanmels of the
bone fixation clement illustrated in Fig. 2A;

{0816]  Fig. 3A is a schematic seetional side clevation view of a soft tissue fixation system
constructed, including an actuation assembly shown operably engaged with an initial bone
anchor of the soft issue fixation assembly illustrated 1n Fig. 1;

{80171 Fig. 5B is a schematic sectional side elevation view of the soft tissue fixation sysiem

ithustrated in Fig. 5A, shown after activation of the actuation assembly;



CA 02904987 2015-09-09

WO 2014/165036 PCT/US2014/024196

[B018] Fig. SCis a schematic side elevation view of a soft tissue fixation system illustrated in
Fig. 58, showing the actuation assombly operably engaged with a subsequent bone anchor of the
sodt tissue fixation assenbly tlustrated in Fig. 1;

{6019} Fig. 5D is a schematic sectional side elevation view of the soft tissue fixation system
illustrated in Fig. 5C, shown after activation of the actuation assembly;

[B028] Fig. 6A is a schematic sectional side ¢levation view of a portion of the bone fixation
assembly 1, showing a single strand of suture sequentially connected continuonsly to 4 plurality
of the bone anchors;

{6021} Fig. 6B is a schematic sectional side elevation view of a portion of the bone fixation
assembly 1, showing a pair of strands of suture cach sequentially connected continuously to a
plurality of the bone anchors;

[0622] Fig. 6C is a schematic sectional side elevation view of a portion of the bone fixation
assembly 1, showing the pair of strands of suture cach sequentially connected continuously to a
plurality of the boue anchors, one of the strands of suture configured to attach to an auxiliary
tplant;

{0823} Fig. 7A is a schomatic plan view of the soft tissuc fixation asscmbly as illustrated in
Fig. 1, but showing the bone anchors in one arrangement;

{6624]  Fig. 7B is a schematic plan view of the soft Hesue fixation assembly as illustrated in
Fig. 7A, but showing the bone anchors in another arrangement as illustrated in Fig. 1, shown as
an open arrangement;

{08251 Fig. 7C is & schematic plan view of the soft tissue fixation assembly as iflustrated in
Fig. 78, but showing the bone anchors in a closed arrangement m accordance with one
embodiment;

{68261 Fig. 7D is a schematic plan view of the soft tissue fixation assembly as Ulustrated in
Fig. 7C, but showing the bone anchors in a closed arrangement in accordance with another
embodiment; and

[0827] Fig. 7E is a schomatic plan view of the soft issue fixation assembly as illustrated in
Fig. 78, but showing the bone anchors in an open arrangement in accordance with another

embodiment.

DETAILED DESCRIPTION

[6828] Referring initially to Figs. 1 and 8B, a soft tissac fixation assembly 20 is configired to

secure a soft tissue 22 against a surface of an underlying bone 24 so as to promote attachment of
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the soft tissue 22 to the bone 24, The soft tissue 22 can be detached from the bone chie to an
anatomical defect, trauma, or the hike, and can be configured as any anatomical soft tissuz in the
fexman or other animal body, such as a tendon or ligament. For mstance, in accordance with oue
embodiment, the tendon can be a rotator coff tendon or any other tendon as desired.

{66297  The fixation assembly 20 can include at east one bone anchor 26, such as first and
second bone anchors 26a and 26D, respectively, and a strand of suture 28 that is configured to
attach to cach of the bone anchors 263 and 26b. For instance, the strand of suture 28 is
configured to be received by cach of the bone anchors 26 and 26b. The first bone and second
bone anchors 26a and 26b can, for instance, be driven into the bone 24, such that the strand of
suture 28 extends from the first bone anchor 26a to the second bone anchor 265, One of the first
and seccond bone anchors 26a and 26b, for mstance the second bone anchor 26b as ihustrated, can
be driven through the soft tissue 22 and into the bone 24, referred 1o a8 a trans-tendon technique.
The other of the first and second bone anchors 26a and 26h, for instance the first one anchor 26a
as illustrated, can be driven into the bone 24 at a location spaced froma the soft tissue 22, Thus,
the strand of sutore 28 can extend from the first bone anchor 262 along an outer sorface of the
bone 24, across an interface 30 between the bone 24 and the soft tissue 22, to the second bone
anchor 26b. The strand of suture 28 can be under tension between the first and second bone
anchors 262 and 26b so as to apply a force against the soft tissue soft 22 twoward the bone 24,
thereby causing the soft tissue 22 to maintain contact with the bone 24,  should be recognized
that in most instences it may not be recommended, during rotator cuff repair, fo nsert the bone
anchors 26 in the intraarticular space of the shoulder, but rather o position the bone anchors
about the joint.

[0830] It will be appreciated from the description below that the fixation assembly 20 can
include any number of bone anchors 26, such as a plurality of bone anchors 26, as desired. One
or more of the plarality of bone anchors 26 can be driven through the soft tissue 27 and into the
bone 24. One or more others of the plarality of bone anchors can be driven into the bone 24 at a
location spaced from the soft tissue 22, so as to define any geometric pattern as desired. In
accordance with one embodiment as illustrated in Fig. 1, the soft tissue fixation assermbly 20 can
include a third bone anchor 26a driven through the soft tissue 22 and the bone 24, and a fourth
bone anchor 26d driven through the bone 24 at a location spaced from both the soft tssue 22 and
the first bone anchor 26a. The sirand of suture 28 can extend continuously from each of the
plurality of bone anchors 26 to at least one adjacent one of the phurality of bone anchors 26.
Thus, the plarality of bone anchors 26 can define at least one row 32, such as a first row 32a that

4



CA 02904987 2015-09-09

WO 2014/165036 PCT/US2014/024196

can be defined by at least some of the plorality of bone anchors 26, and a second row 32b that
can be defined by at least others of the plurality of bone auchors 26, the strand of suturs 28
connected botween the first and second rows 32a and 32b. The rows 32a and 32b can extend
substantially Hnearly, curvilinearly, or can define any other suitable arrangement, and can be
parallcl with cach other or aligned to intersect each other as desired. The fixation asscmbly 20
can define as many rows as desired.

[0033] Reforring now to Figs. 2A-2E, cach of the bone anchors 26 can include an anchor body
34 that defines a proximal end 36a and a distal end 36b that 13 spaced from the proximal end 36a
along a distal direction of insertion into bone. It should be appreciated that the term “distal” and
derivatives thereof can refer to a direction from the proximal end 36a to the distal end 36b, and
the term “proximal” and derivatives thereof can refer to a direction from the distal end 36b to the
proximal end 36a. The anchor body 34 can extend, for instance can be elongate, along a
longitudinal axis 38, such that the proximal end 36 and distel ond 36b are spaced from cach other
along the Jongitudinal axis 38, The longitudinal axis 38 can be substantially straight, ov can be
curved or assume any alternative shape as desired. The anchor body 34 can forther define an
outer perimeter 40 cxtends between the proximal end 36a and the distal end 36b. The perimeter
46 can be round, for instance substantially circular, as lustrated, or can detine any alteroative
shape whatsoever, such as a rectilinear shape. The distal end 36b can define a tip 37 that can be
tapered mowardly, and thus toward the longitudinal axis 38, as it extends along the distal
direction.

{08321  The anchor body 34 can further define at loast one channel 42, such as a plurality of
{e.g., at least two) channels 42, that extend into the perimeter 40, for instance toward the
longitudinal axis 38. Each of the channels 42 can be configured to receive the sirand of suture
28 (sce Figs. 4A-B). For instance, respective ones of the channcls 42 are configured to receive
respective portions of the strand of suture 28. Bach channel 42 can define a central axis 43a, and
a first or proximal end 43b, and a second or distal end 43¢ that is spaced from the proximal end
43b along the central axis 43a. The channels 42 can extend along an entircty of the length of the
anchor body 34 from the proximal end 36a to the distal end 36b, or can extond along a portion of
the length of the anchor body 34, Thus, it can be said that the channels 42 can extend between
the proximal and distal ends 43b and 43¢, respectively, for instance from the proximal end 430 to
the distal end 43¢. The channels 42 can, for instance, be open to a proximal-most cuter surface
54 of the anchor body 34, the proximal-most outer surface 54 extending from the outer perimeter
46 toward the longitudinal axis 38, The central axis 43a can extend paraliel to the longitudinal

5
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axis 38, or can be angularly offset with respect to the longitudinal axis 38, and can define any
shape as desired. The anchor body 34 can include any number of channels 42, such as a first
channel 42a and a sccond channel 42b, that can be disposed on opposite sides with respect 1o the
longitudinal axis 3§, and thus be opposite each other with respect to the longitudinal axis 38, or
can be angularly offset with respect to the longitudinal axis 38 at any angle of separation as
desired.

{00337 Thus, a first Hine 352 perpendicular to the fengitudinal axis 38 that intersects both the
fongttudinal axis 38 and the contral axis 43a of the first channel 42a can define the angle of
separation with respect to a second line 35b that is perpendicular to the longitudinal axis 38 and
interscets both the longitudinal axis 38 and the ceniral axis 43a of the sccond channel 425, The
angle of separation ol can be substantially 180 degrees, or any angle between zero and 180
degrees. In accordance with the ilhistrated embodiment, the anchor body 34 can inclade a third
channel 42¢ and a fourth channel 424 that can define an angle of separation with respect to each
other, for instance 180 degrees as described above with respect to the first and second charmels
42a and 42h. Purther, the channels 42 can be equidistantly spaced from cach other about the
perumeter 40 as illustrated, o can be variably spaced from cach other about the perimcter 40 as
desired. Thus, adjacent ones of the chanmels 42, such as the first channel 42a and cither or both
of the third and fourth chanmels 43¢ and 434, respectively, can define an angle of separation o2
of substantially 90 degrees. The chamnnels 42 that are spaced from each other by an angle of
scparation that is greater than 90 degrees and less than or cqual to 180 degrees can be referred to
as opposecd channcls. The channcls 42 that arc spaced from cach other by an angle of separation
that is greater than between 0 degrees and lfess than or equal to 91 degrees can be referred to as
adjacent channels.

{68341 As will be appreciated from the description below, at least a portion up to all of the
anchor body 34 can be made from a deformation material 44, which can be polymeric, that
comprises a deformation material responsive to an applied energy that canses the deformation
material, and thus the anchor body 34 at the deformation material, to deform. The applied
energy can be a laser or any suitable alternative energy, such as an clectrical current,. In
accordance with one embodiment, the deformation material 44 can define at least a portion of the
anchor body 34, including at least a portion up o an entirety of one or more gp to all of the
channels 42. For instance, the deformation material 44 can be located in a region as ilfustrated in
Figs. 3A-C that can be spaced from one or both of the proximal end 36a and the distal end 36b.

Alternatively, the deformation material 44 can comprise an entirety of the anchor body 34, from

6



the proximal end 36a to the distal end 36b, as illustrated in Figs. 2A-2E. The deformation
material 44 can be responsive to the applied energy so as to deform at least a portion of the
anchor body 34 and capture the received portion of the strand of suture 28 therein with respect to
movement relative to the anchor body 34. Deformation of the deformation material 44 in
response to the applied energy can further cause the anchor body 34 to similarly deform and
become fixed to the bone 24. In accordance with one embodiment, the deformation that causes
the anchor body 34 to become fixed to the bone can similarly cause the anchor body 34 to
capture the received portion of the suture strand 28 therein with respect to movement relative to
the anchor body 34.

[0035] For instance, in accordance with one embodiment, the deformation material 44 is
configured to deform in response to the applied energy and close at least a portion of each of the
channels 42 and capture the respective received portion of the strand of suture 28 in the channels
42 with respect to movement relative to the anchor body 34. Deformation of the deformation
material 44 in response to the applied energy can further cause the anchor body 34 to similarly
deform and become fixed to the bone 24. In accordance with one embodiment, the deformation
that causes the anchor body 34 to become fixed to the bone can similarly cause the channels 42
to close and capture the received strand of suture 28 therein. In accordance with one
embodiment, the deformation material 44 can be disposed in a middle region of the anchor body
34 that is spaced from the proximal end 36a and the distal end 36b. For instance, the middle
region can include a location that is disposed midway between the proximal end 36a and the
distal ends 36b. The bone anchor body 34 can be constructed so as to prevent the applied energy
from traveling to the distal end 36b. For instance, the bone anchor body 34 can define any color
as desired, or be made of any one or more suitable materials as desired, that can prevent the
applied energy from traveling to at least one select region of the bone anchor body 45, such as
the distal end 36b. Examples of deformation materials of the type described herein are disclosed
in U.S. Patent Application Publication No. 2010/0241229 A1, published September 23, 2010,
and U.S. Patent Application Publication No. 2012/0129131 A1, published May 24, 2012.

[0036] As described above, each of the channels 42 can define a central axis 43a, and a first or
proximal end 43b, and a second or distal end 43c that is spaced from the proximal end 43b along
the central axis 43a. In accordance with one embodiment, the distal ends 43¢ of the channels 42
can be open to each other, such that the strand of suture 28 can extend distally along one of the

channels 42 out the distal end 43¢ of the channel, into the distal end 43¢ of another one of the
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channels 42 and proximally along the other one of the channels 42. For instance, the distal ends
43¢ of the channels 42 can be open to cach other at the distal end 36b of the anchor body 34, Tn
accordance with one erabodiment, the anchor body 34 can define a void 46 that extends along
the proximal direction dnto the fip 37, The void 46 can be aligned with the longitadinal axis 3§,
and can be open to the distal ends 43¢ of cach of the channels 42, including the fivst channel 42a,
the second channel 42h, the third channel 42¢, and the fourth channel 424, While the void 46 @5
open through the tip 37 along the distal direction as illastrated, it should be appreciated that the
tipp 37 can alternatively be enclosed, such that the tip 37 defines a distal boundary of the void 46.
Nevertheless, the void 46 can be open to the outer perimeter 40 and to cach of the distal ends 43¢
of the channels 42,

{68371 Thus, the distal ends 43¢ of cach of the third and fourth channels 42¢ and 42d are open
1o both each other and the distal ends 43¢ of the first and second channels 423 and 42b, for
instance at the distal end 36b. Similarly, the distal ends 43¢ of cach of the first and second
channels 422 and 42b are open to both cach other and the distal ends 43¢ of the third and fourth
channels 42¢ and 424, for instance at the distal end 36b. For instance, the distal ends 43¢ can be
open to cach other via the veid 46, such that strands of suture cxiending from the distal end 43¢
of one of the channels 42 1o the distal end 43¢ of another ong of the channels 42 can extend
across the void 46, Alternatively, the distal ends 43¢ of one or more up to all of the channels 42
can be continuous with cach other.

{0038} Each channel 42 can be defined by at least one wall that can define a base 45a of the
anchor body 34 and opposcd side walls 45b of the anchor body 34 that extend from the base 45a
toward, for mstance to, the perimeter 40. The void 46 can be at least partially defined by a floor
31 that extends toward the perimeter 40, and the anchor body 34 can define respective interface
49 between the bases 45a and the floor 51, The micrface 49 can be beveled as desired.

{64381 With continuing reference to Figs. 2A-E, the anchor 26 can define an nsertion aperture
$2 that extends into the anchor body 34 and s configured to recelve an encrgy emitting
instrument 70 {sce Fig. 6A) that is configured to apply the cnergy that causes the deformation
material 44 to deform as described herein. For instance, the anchor body 34 can define the
insertion aperture 52 that extends into the proximal end 36a, and in particular the proximal-most
surface 54, substantially along the distal direction. For instance, the insertion aperture 52 can be
centrally disposed with respect to the outer perimeter and the longitudinal axis 38, and thus can
extend substantially along the longitudinal axis 38. As will be described in more detail below,
the msertion aperture 52 can be sized to receive an energy emitiing instrument 70 (see Fig. SA)

S
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that is configured to apply the energy that causes the deformation material 44 to deform in the
manner described horein. The insertion aperture 52 can be round, such as cylindrical, in shape,
or can define any suitable altornative shape as desired. The insertion aperture 57 can be defined
by a base 533 of the anchor body 34 and at least one Inner side wall 53b that can extend from the
base 53a along the proximal direction, for instance to the proximal outer surface 54 of the
proximal end 36a. In accordance with one embodiment, the proximal end 36a that defines the
insertion aperfure 532 can be integral and monolithic with one or more up 1o all of the distal end
36b, the base 45a of one or more up to all of the channels 42, the side walls 45b of one or more
up to all of the channels 42, the floor 51, and the interfaces 49,

{0040)  Alernatively, as Hlustrated in Figs. 3A-C, the bone anchor can include an insert 56 that
defines an msert body 59 having a proximal end 564, a distal end 56b spaced from the proximal
end 56a along the distal direction, and an ouoter perimeter S6c that extends from the proximal end
S6ato the distal end 56b. The insert 56 can define the insertion aperture 52 that is configured to
receive the energy emitiing instroment 790 (see Fig, 6A) that is configured to apply the energy to
the deformation material 44, The bone anchor 26 can define an aperture 60 that extends into the
anchor body 34 and is sized and configured to receive the insert $6. For instance, the body 34
can define the aperture 60 that extends into the proximal end 36a substantially along the distal
direction. For instance, the insertion aperture 60 can be centrally disposed with respect to the
outer perimeter and the longitudinal axis 38, and thus can extend substantially along the
longitudinal axis 38. The insert 56 can be inscrtable in the aperture 60 in any manner as desired.
For instance, the perimeter 56¢ of the inscrt 56 can define a cross-sectional dimension
substantially eqoal to that of the aperture 60, such that the msert 56 can be press-fit into the
aperture 60. Alternatively, the insert 56 can be secured to the anchor body 34 in the aperture 60
using any known adhesive, fastener, or the like. The insert 56 can define a head 61 that extends
out from the proximal end 56a of the body 59 and is configured to abut the proximal most
surface 54. The head 61 can define channels 57 that are aligned with the channels 42 and extend
through the head 61 along the distal direction. Thus, the channels 42 and 57 can combing to
define the respective channels that are configured to receive the strands of suture 28 as described
herein. The insert 56 can be made from g material different than the deformation material, such
that the insert $6 docs not deform in response to application of the encrgy.

{6041} Roferring now to Fig. 5A, a soft tssue fixation system 62 can include an actuation
assembly 64 and the soft fissue fixation assembly 20. The soft tissue fixation assembly 20 can
include at least one bone anchor, such as a phoality (such as a pair or more) of bone anchors 26

9
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and at least one strand of seture 28. The actuation assembly 64 can inchide the energy emitting
tnstrument 70 and a tensioner 72 that supports the energy emitting fnstrument 70, The energy
emitting nstrument 70 15 configured 10 apply energy o the anchor body 34, thereby causing the
deformation material 44 to deform. As the deformation material 44 deforms, the tensionegr 72
can maintain fonsion in the sature 28,

[8042] The energy emitting instrument 7¢ can inchide an encrgy source 74 and an energy
conduit 76 that extends from the energy source 74 and is configured to be inserted into the
msortion aperture 52 so as to be configared to apply energy to the implant body 34 i sufficient
quantity that the deformation material 44 deforms in response to the applied energy, or can
otherwise be operably coupled to the implant body 34 so as to be configured to apply energy to
the implant body 34 in sutficient quantity that the deformation material 44 deforms n response
to the applied energy. In accordance with the illustrated embodiment, the energy cmitting
instrument 70 is a laser, the energy source 74 is a laser source configured to emit energy in the
form of & laser beam. The energy conduit 76 can define a Hght pipe that extends from the laser
source, the light pipe configured to commuonicate the laser beam from the laser souree to the
implant 26, and apply the cnergy in the form of the laser beam to the implant body 34,

{00437  The tenstoner 72 can include a first support member 78 configured to support the
energy conduit 76, and a sccond support member 80 that is spaced from the first support member
along a direction that can be parallel, sach as coincident, with the longitadinal axis 38. In
accordance with the illustrated embodiment, the second support member 80 can be spaced from
the first support member 78 along the proximal direction, such that the first support member 78
is disposed between the second support member 80 and the bone anchor 26 that receives the
energy conduit 76. The second support member 80 is configured to attach to the suture 28 that
extends through at least one of the channels 42 of the bone anchor 26. The tensioner 72 can
meclude a biasing member 82, for instance a spring such as a coil spring that 18 connected
between the first and second support members 78 and 80, respectively. The tensioner 72 15
configured to bias one of the first and second support members 78 and 80, respectively, to move
relative to the other of the first and second support members 78 and 80, respectively.

{08441 During operation, the biasing member 82 applies a force to the second support member
80 that biases the second support member to move along the proximal direction away trom the
bone anchor 26, and also away from the first support member 78, Alternatively, the second
support member 80 can be disposed distal of the first support member 78, and thus between the
first support member 78 and the bone anchor 26, such that the biasing member 82 applies a force
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to the second sapport member 30 that biases the second sapport member 30 to move along the
proximal direction away from the bone anchor 26 and toward the first support member 78,
{0045]  With continuing reference to Fig. 54, a method of anchoring suturs 1o bouve can mehade
the step of inserting the strand of suture 28 into at least one channel 42 of an initial bone anchor,
which can be defined as a first bone anchor 26. In particular, the strand of sutarc 28 can be
inserted into first and second select ones of the channels 42, such that the strand of suture 28
extends from the proximal end 36a, distally along the first seleet one of the channcls 42, out the
distal end of the first select one of the channels 42 as described above, into the distal end of the
second select one of the channels 42, proximally along the second sclect one of the channels 42,
and out the proximal cnd 36a of the anchor body. The first and second select channels can be
opposed channels or adjacent channels ag described above.

[0046] After the strand of sutare 28 has been inserted into the at least one channel 42, the bone
anchor 26 can be driven into the bone 24, A pilot hole can be drilled or otherwise formed inthe
bone, and the mitial anchor 26 can be driven into the pilot hele, or the anchor 26 can be driven
into the bone without first forming the pilot hole. Next, the energy condait 76 1s inserted into the
inscrtion aperture 52 or otherwise operably coupled to the anchor body 34, At lcast one end of
the strand of suture 28, for fnstance first and sccond opposed ends 28a and 28b that extond out
from different oves of the channels 42 of the nitial bone anchor, can be fixedly attached to the
sccond support momber 80 prior to deformation of the initial bose anchor.

[6847] Reforring now to Fig. 5B, the encrgy source 74 s then actuated 50 as to cause the energy
emitting instrument 70, for instance the energy source 74, to emit energy, which can be in the
form of & laser beam, to the conduit 76. The energy emitting instrument, for instance at the
conduit 76, can apply the energy to the bone anchor body 34 s¢ as to causc the deformation
maaterial 44 to deform, thereby causing the anchor body to deform and 1) fix to the bone 24, and
2y capture the strand of suture 28 therein with respect to movement relative to the bone anchor
26. For instance, the energy emitting instrament, for instance at the conduit 76, can apply the
energy to the bone anchor body 34 s0 as to cause the deformation material 44 to deform and
close at least the portion of the channel 42 that is defined by the deformation material 44, thereby
capturing the strand of suture 28 therein with respect to movement relative to the bone anchor
26, Thus, the strand of suture 28 is unable {0 move relative to the bone anchor 26 at the portion
of the channel 42 that has been closed. In accordance with the illustrated embodiment, both

channels within which the suture 28 resides can be closed.
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IB048] It is appreciated that prior to deformation of the first bone anchor, the first bone anchor
26 defines a first length L1 along the longitudinal axis 38 between the proximal end 36a and the
distal end 36b. As the deformation material 44 deforms, the distal end 36b can be drawn toward
the proximal end 36a, thereby shortening the length of the bone anchor to 2 second length L2
along the longitadinal axis 38 between the proximal end 362 and the distal end 36b, wherein the
second length L2 is greater than L1, For instance, the biasing force of the biasing member 82
causes the second support miember 80, which is attached to the sature 28, to translate proximally
as the deformation material 44 of the anchor body 34 sotiens and deforms in responac to the
applied energy, thereby promoting deformation of the anchor body 34 as described above.
Furthermore, translation of the sccond support member 80 can cause the first and second ends
28a and 28b to hkewise translate proximately, thus maintaining a desired level of tension in the
strand of suture 28 through completion of the application of energy to the anchor body 34 and
through completion of the resulting deformation. 1t is further appreciaied that a maximum width
of the anchor body 34 slong a direction perpendicular fo the longitudinal axis 3¥ can increase in
response to deformation of the deformation material 44, thereby securely anchoring the bone
anchor in the bone 24, It should be appreciated, of course, that the biasing force can be produced
by any suitably constructed tousioner 72, or manually, as desired.

{68491 Referring now to Fig. 3C, it is appreciated that the first end 28a 18 fixed to the inital
bone anchor, Accordimgly, the fivst end 28a can be cut at a location adjacent to the proximal end
36a of the anchor body 34, or the first end Z8a can define a free end of the strand of sutore 28
that extends out from the bone 24. The free end can be looscely attached to the second support
member 840, or can be free from the second support member 80, As is described in more detail
below, the free end can be attached to a final one of the bone anchors 26, The second end 2&b
can then be inserted into first and second select channels of a subsequent bone anchor, which can
be define as a second bone anchor 26b, in the manner described above with respect to the first
anchor 26a. The first and second channels 42 can be opposed channels or adjacent channels as
described above. The sccond end 28b can extend out the anchor body 34 and can be attached to
the second support member 80 in the manner described above.

[0058]  After the strand of suture 28 has been mserted imto the channels 42 of the second bone
anchor 26b, the second bone anchor 26b can be driven into the bone 24 in the mamner described
above, k should be appreciated that the second bone anchor 26 can be driven through the soft
fissue 22 and o the bone 24, Next, as illustrated in Fig. 53D, the method can include the step of
applying energy to the second bone anchor 26b so as to cause the deformation material 44 of the
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second bone anchor 26b to deform, thereby capturing the strand of suture 2§ therein with respect
to movement relative to the second bone anchor 26b. For instance, deforming the deformation
material 44 can close the portion of the channels 42 that is defined by the deformation material
44, thereby capruring the received strand of suture 28 therein with respect to movement relative
0 the second bone anchor 26b. The biasing member 82 can apply a biasing force to the second
support member 80 that causes the second support member 8{ to move away from both the first
support member 78 and the first and sccond bone anchors 26a and 26b, thereby promoting
deformation and maintaining tension in the strand of suture 28 as the length of the second bone
anchor 26b decreases in the manner described above with respect to the first bone anchor 26a, It
should be appreciated that the strand of suture 28 is continuous, and is fixedly attached to the
first and second bone anchors 264 and 26b. Thus, the strand of suture 28 extends continuously
from the first bone anchor 262, over the bone 24, across the interface 30 between the soft tissue
22 and the bone 24, over the soft tissue 22, 1o the second bone anchor 26b. Becausce the strand of
suture 28 is in tension and is anchored to the first and sccond bone anchors 26a and 26b inside
the bone 24, the strand of suture 28 forces the soft tissue 22 into contact with the bone 24,

[0858] It should be appreciated that the method steps of inscrting the strand of suture 28 into at
least one such as a pair of channels, driving the beng anchor into the bone, for instance possibly
through the soft tissue 22 and into the bone 24, and applying the energy to the anchor body can
be sequentially repeated for at least one additional bong anchor, such a third bone anchor 26¢ as
illustrated in Fig. 6A. For imstance, the method steps of inserting the strand of suture 28 into at
least onc such as a pair of chanunels, driving the bone anchor into the bone, for instance possibly
throvgh the soft tissue 22 and into the bone 24, and applying the energy to the anchor body can
be sequentially repeated for a phurality of additional bone anchors 26¢. In accordance with one
embodiment, the cnergy is applied to a given one of the bone anchors 26 prior to inserting the
strand of sutare 28 into a channel 42 of another one of the bone anchors 26 that is to be
subsequently anchored to the bune 24.

[0052]  As described above, at Icast one strand of suture can be inserted into the channels 42 of
the anchors 26 prior to driving the anchors ino bone and applying the energy to the respective
anchor bodies 34, For instance, as illustrated in Fig. 64, a single contimuous strand of suture 28
can be fixedly attached sequentially to at least two, such as three, bone anchors 26a, 26b, and
Z6c. Altematively, as illustrated in Fig, 6B, it should be appreciated that the steps of inserting a
strand of suture into at least one channel of the bone anchors 26 can include the step of inserting
a pair or more, and thos a plurality, of strands of suture 28 into the at least one channel.
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Accordingly, the step of applying energy to the implant body causes the anchor body, and thus
the anchor, to deform so as to secure cach of the phurality of strands of suture 28 to the respective
anchor body, Deformation of the anchor body can further cause the anchor body te fix to the
bone 24, and can cause the portion of the channels defined by the deformation material to close
50 as to sccure the strands of suture 28 therein with respect to movement relative to the anchor
body. A free end of the single strand of suture 28, or of a second sirand of suture 28, can extend
out the proximal end of the bone anchor 26, and out the bone 24, such that it can be attached 1o
an avxibiary fmplant, such as 8 soft tissuc or bone graft, and then secured o itself or the other
strand of suture 28, for instance at a knot 29, thereby attaching the auxiliary implant to the soft
tissue 22 or bone 24.

{6053} Referring now to Figs., 7A-7E m general, it is appreciated that the soft tissue fixation
assembly 20 can inchide as many bone anchors 26 as desired, disposed in any arrangement as
desired. For instance, as ilhistrated fn Fig. 7A, the first bone anchor 26a is shown inserted into
the bone without being driven through the soft tissue 22, and the second one snchor 26b 15
shown inserted through the soft tissue 22 and into the bone 24, The first and second bone
anchors 26a and 26b can define a row 32 of bone anchors. Referring to Fig. 7B, the plurality of
bone anchors 26¢, in combination with the first and second bone anchors 26a and 26b can define
a pair of rows, such as a first row 324 and a second row 32b. For mstance, the vow defined by
the first and second bone anchors 26a and 26b can define the fisst row 32a, and the plorality of
bone anchors 26¢ can define the sccond row 3Zb that is adjacent the first row 3Za. The strand of
suture 28 can extend from the first row 32a to the second row 32b. For instance, the strand of

sutore 28 can extend through adjacent channels 42 (see Fig. 2D) of one of the bone anchors, such

as the second bone anchor 26b iflustrated in Fig. 7B, so as to extend from the first row 322 along
a column direction toward the second row 32b. The strand of suture 28 can then extend through
adjacent channels of a subsequent one of the bone anchors, such as one of the plarality of bone
anchors 26¢ ihustrated in Fig. 7B, so as to extend from the colomn direction to the row direction,
for instance along the second row 32b.

{00541 With continuing refersnce 1o Fig, 7B, the step of driving a final bone anchor 264 of the
plurality of bone anchors 26¢ can include the step of driving the final bone anchor 264 into the
bone 24 at a location spaced from the first bone anchor 26a. Thus, the strand of suture 28 is not
connected directly from the final bone anchor 264 {o the first bone anchor 26s. Because the
strand of suture 28 is not directly connected between the bone anchors 26 of every adjacent pair
of bong anchors 26, the arrangement defined by the bone anchors 26 can be referred to as an
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open arrangement. As described above, the soft tissue fixation assembly 20 can include as many
bone anchors as desired, configured in any arrangement as desived. For instance, the soft tissue
fixation assembly 20 can define as many rows 32 as desired.

{6055} Referring to Fig. TE, the suture 28 of the soft tissue fixation assembly 26 can extend
from the sccond bone anchor 26b to a first one of the plarality of bone anchors 26¢ along the first
row 3Z2a. In accordance with one embodiment, the strand of suture 28 can be inserted into
opposed channels of the second bone anchor 26b, whercin the opposed channels are spaced from
cach other along a dircction that is substantially parallel with the row 32a. The suture 28 can
extend from the second bone anchor 26b toward a first one of the plurality of bone anchors 26¢.
The strand of suture 28 can be inserted into adjacent columns of the first one of the plurality of
bone anchors 26¢. Thus, the suture 28 can extend from the second boue anchor 26b along the
row 32a to the first one of the plurality of bone anchors 26¢, and along a cohimn direction from
the first one of the phurality of bone anchors 26¢ to 3 sccond one of the phirality of bone anchors
26¢ that Lies along the second row 32b. The strand of suture 28 can be ingerted into adjacent
columms of the second one of the plurality of bone anchors 26¢ 30 as to extend from the first one
of the plurality of bone anchors 26¢ fo the second one of the plurslity of bone anchors 26¢ along
the columm direction, and along the second row 32b from the second one of the plurality of bone
anchors 26¢ to another one of the plurality of bone anchors.

[0056] Of course, it should be appreciated that the strand of suture 28 can be inserted into any
channels of the bone anchor 26 as desired so as to extend along a respective row 32, or to extend
from a respective row along the colummn ditrection, or to extend from a column direction fo a
respective row. [t should be further appreciated that the soft tissue fixation assembly 20 can
define as many bone anchors as desired arranged along a given column direction. It should be
further appreciated still that the soft tissue fixation assembly 20 can detfine a chain configuration
having a plurality of rows of boue anchors 26, each row defined by two or more bone anchors
26, and the rows of adjacent pairs of rows {thus rows that are partially defined by a common one
of the anchors 26) angularly offsct from cach other at an angle between 90 degrees and 180
degrees, ot alternatively between 0 degrees and 90 degrees (and thus an angle other than 90
degrees). Thus, the first anchor 26a can be disposed at a first terminal end of the cham, and the
tinal bone anchor 26d can be disposed at a second terminal end of the chain.

100571 Referring now to Fig. 7C, the suture 28 can be connected between the final bone anchor
26d and the first bone anchor 26a. For instance, as described above with reference to Fig. 5C,
the first end 28a of the strand of suture 28 can define a free end that extends out from the first
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bone anchor 26a and the bone 24, Similarly, the second end 28b of the strand of suture 28 can
define a frec end that extends out from the final bone ancheor 26d and the bone 24. The free ends
that are defined by the first and second ends 2%a and 28b can be attached 1o cach other in
accordance with any suitable embodiment, so as to directly artach the soture 28 to the last bone
anchor 264 and the first bone anchor 26a. For instance, the free ends can be tied to each other, or
secure to each other via any suitable fastener. Hecause the strand of suture 2¥ is directly
commnected between the bone anchors 26 of every adiacent pair of bone anchors 26, the
arrangement defined by the bone anchors 26 can be referred 1o 45 a closed arrangement.

{6088} Referring now to Fig. 7D, the bone anchors 26 can define g closed arrangement in
accordance with an alternative cmbodiment. For instance, the plorality of additional bone
anchors 26¢ can define a select bone anchor 26e that 15 driven into the bone 24 and deformed
before the final bone anchor 264 is driven into the bone. As described above, the first end 283 of
the strand of suture 28 can define a froe end that extends out from the first bone anchor 26a and
the bone 24 as described above. Furthermore, the second end 28b of the strand of suture 28 can
define a free end that extends out from the select bone anchor 26e and the bone 24,

{00597 The free ond defined by the first end 28a of the strand of suture 28 can be inserted into
at loast one channel of the final boue anchor 264, For instance, the free end defined by the first
end 28a of the strand of suture 28 can be nserted into a first channel 42 of the final bone anchor
264, and out of a sccond channel 42 of the final bone anchor 26d. The first and second channels
of the final bone anchor 264 can be adjacent channels or opposed channels as described above.
Simtlarly, the free end defined by the sceond end 28b of the strand of suture 28 can be inserted
into at least one channel of the final bone anchor 26d. For instance, the free end defined by the
second end 28b of the strand of suture 28 can be inserted into a first channel 42 of the final bone
anchor 26d, and out of a second channel 42 of the final bone anchor 26d. The first and second
channels can be adjacent channels or opposed channels as deseribed above. In accordance with
one embodiment, the first channel of the free end that reccives the first end 28a can defing the
sccond channel that receives free end defined by the second ond 28b. Similarly, the first channel
that receives second end 28b can define the fivst channel that receives the first end 28a. Tt should
be appreciated, of course, that the free ends defined by the first and second ends 28a and 28b,
with the embodiment illestrated in Fig, 2D, the first and second bone anchors 26 and 26b can

sach be driven through the soft tissue 22 and mito the bone 24, and the select and final ones 26¢

6



CA 02904987 2015-09-09

WO 2014/165036 PCT/US2014/024196

and 264, respectively, of the plorality of bone anchors 26¢ can be inserted into the bone 24
without being driven through the soft tissue 22.

{0060]  The foregoing description is provided for the purpose of explanation and is not 1o be
construed as Hmiting the soft tissue fixation system, or components thereof. While various
embodiments have been described with reference to proferred embodiments or proferred
methods, it is understood that the words which have been used herein are words of description
and illustration, rather than words of Hnvtation, Furthermore, although the embodiments have
been described herein with reference to particular structure, methods, and cmbodiments, the
disclosure is not intended to be limited to the embodiments specifically described herein. For
instance, it should be appreciated that siructre and methods described in association with one
embodiment are equally apphicable to all other embodiments described herein unless otherwise
indicated. Those skilled in the relevant art, having the benefit of the teachings of this disclosure,
may ctfect numserous modifications 1o the embodiments as described herein, and changes may he
made without departing from the scope of the present invention, for instance as sot forth by the

appended clatms.
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What 1s Claimed:

1. A bone anchor configured to deform in response to an applied energy from a laser, the
bone anchor comprising:

a bone anchor body having 1) a proximal end, 2) a distal end that is spaced from the
proximal end along a longitudinal axis, and 3) a perimeter surface that extends between the
proximal end and the distal end, the bone anchor body defining at least one channel that extends
into the perimeter surface and is elongate as it extends between the proximal end and the distal
end;

wherein at least a portion of the bone anchor body comprises a deformation material that
defines at least a portion of the perimeter surface and the at least one channel, the deformation
material being responsive to the applied energy from the laser so as to deform and capture a strand
of suture with respect to movement relative to the bone anchor body when the strand of suture is
received by the at least one channel, and the deformation material is configured to prevent the

applied energy from the laser from traveling to the distal end.

2. The bone anchor as recited in claim 1, wherein the at least one channel includes first,
second, third, and fourth channels that extend into the perimeter surface and are elongate as they
extend between the proximal end and the distal end, the first channel spaced opposite the second
channel along a first direction, and the third channel spaced opposite the fourth channel along a
second direction that is perpendicular to the first direction, wherein at least a portion of the bone
anchor body comprises a deformation material that defines at least a portion of the perimeter
surface and each of the first, second, third, and fourth channels, the deformation material being
responsive to the applied energy from the laser so as to deform and capture the strand of suture
with respect to movement relative to the bone anchor body when the strand of suture is received

by at least one of the first, second, third, and fourth channels.

3. The bone anchor as recited in claim 1, wherein the bone anchor body defines first and
second channels that extend into the perimeter, each of the first and second channels are
configured to receive respective first and second portions, respectively, of the strand of suture,
wherein the deformation material is responsive to the applied energy so as to deform and, when

the first and second portions of the strand of suture are received in the first and second channels,
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respectively, capture the first and second portions of the strand of suture with respect to

movement relative to the bone anchor body.

4. The bone anchor as recited in any one of claims 2 and 3, wherein the deformation material
1s responsive to the applied energy so as to deform at least a portion of each of the first and second
channels and, when first and second portions of the strand of suture are received in the first and
second channels, respectively, close at least a portion of each of the first and second channels and
capture the first and second portions of the strand of suture therein with respect to movement

relative to the bone anchor body.

5. The bone anchor as recited in any one of claims 1 to 4, wherein the deformation material
1s disposed in a middle region of the anchor body that includes a location midway between the

proximal and distal ends.

6. The bone anchor as recited in any one of claims 2 to 4, wherein each of the first and
second channels defines a first end and a second end distal from the first end, and the second ends

of the first and second channels are open to each other.

7. The bone anchor as recited in claim 6, wherein the second ends are open to each other at

the distal end of the bone anchor body.

8. The bone anchor as recited in any one of claims 2 to 7, wherein the first and second

channels each extend from the proximal end to the distal end.

9. The bone anchor as recited in any one of claims 2 to 8, wherein the first and second

channels are disposed on opposite sides with respect to the longitudinal axis.

10. The bone anchor as recited in claim 2, wherein the first, second, third, and fourth channels

are equidistantly spaced from each other about the perimeter surface.

11. The bone anchor as recited in any one of claims 2 and 10, wherein the third and fourth
channels each define a first end, and a second end distal from the first end, the second ends of the
third and fourth channels being open to both each other and the second ends of the first and

second channels at the distal end.
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12. The bone anchor as recited in any one of claims 1 to 11, wherein the bone anchor body
defines an aperture that extends into the proximal end substantially along the longitudinal axis, the

aperture configured to receive an instrument that applies the energy to the deformation material.

13. The bone anchor as recited in claim 12, wherein the proximal end that defines the aperture

is integral and monolithic with the distal end.

14. The bone anchor as recited in any one of claims 1 to 11, wherein the bone anchor body
defines an aperture that extends into the proximal end, the bone anchor further comprising an
insert that is insertable into the aperture, the insert defining an aperture that is configured to
receive an energy emitting instrument that is configured to apply the energy to the deformation

material.

15. The bone anchor as recited in any one of claims 2, 10, and 11, wherein each of the first,

second, third, and fourth channels extends into the perimeter surface toward the longitudinal axis.

16. A soft tissue fixation system comprising;

at least first and second bone anchors, each having 1) a proximal end, 2) a distal end that
is spaced from the proximal end along a longitudinal axis, 3) an outer perimeter that extends
between the proximal end and the distal end, and 4) an internal surface that defines an aperture
that extends into the proximal end substantially along the longitudinal axis, the first and second
bone anchors each defining first, second, third, and fourth channels, wherein 1) the first to fourth
channels of the first bone anchor extend into the outer perimeter surface of the first bone anchor
and are elongate as they extend between the proximal and distal ends of the first bone anchor, i1)
the first to fourth channels of the second bone anchor extend into the outer perimeter surface of
the second bone anchor and are elongate as they extend between the proximal and distal ends of
the second bone anchor, ii1) the first and second channels of each of the first and second bone
anchors are spaced opposite one another along a first direction, and iv) the third and fourth
channels of each of the first and second bone anchors are spaced opposite one another along a
second direction, perpendicular to the first direction; and

a strand of suture sized to be received by each of the first and second bone anchors;

an energy emitting instrument comprising a laser instrument including a laser source and a

light pipe extending from the laser source, the light pipe configured to be received in the aperture
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of each of the first and second bone anchors and configured to carry a laser beam emitted by the
laser source, and apply the laser beam to the each of the first and second bone anchors,

wherein a) at least a portion of each of the first and second bone anchors comprises a
deformation material that defines at least a portion of each of the first to fourth channels of the
first and second bone anchors, respectively, b) the deformation material of the first and second
bone anchors is responsive to an applied energy so as to deform and, when the suture is received
by the respective first and second bone anchors, capture the strand of suture in the first and second
bone anchors with respect to movement relative to the respective first and second bone anchors,
and c) the deformation material of each of the first and second bone anchors defines a color
configured to prevent the laser beam from the laser from traveling to the distal ends of the first

and second bone anchors.

17. The soft tissue fixation system as recited in claim 16, wherein the first and second
channels of the first and second bone anchors are each configured to receive the strand of suture,
and the deformation material of the first and second bone anchors is responsive to the applied
energy so as to deform and close each of the first and second channels, thereby capturing the
strand of suture in each of the first and second channels of the first and second bone anchors when

the suture 1s received in each of the first and second channels of the first and second bone anchors.

18. The soft tissue fixation system as recited in any one of claims 16 to 17, wherein the first
and second channels of the first bone anchor extend toward the longitudinal axis of the first bone
anchor and the first and second channels of the second bone anchor extend toward the

longitudinal axis of the second bone anchor.

19. The soft tissue fixation system as recited in any one of claims 16 to 18, further comprising
a first support member configured to support the light pipe, a second support member configured

to attach to at least one end of the strand of suture.

20. The soft tissue fixation system as recited in any one of claims 16 to 19, further comprising
a biasing member coupled between the first and second support members, the biasing member
biasing the second support member move away from the bone anchors so as to apply a
compressive force onto a respective one of the first and second anchors that is receiving the

applied energy.
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21. The soft tissue fixation system as recited in claim 20, wherein the biasing member
comprises a spring that biases the second support member to move away from both the first

support member.

22. The bone anchor of claim 2, wherein the bone anchor body defines a void that extends
into a distal-most surface of the bone anchor body along the central longitudinal axis, and wherein
the first, second, third, and fourth channels each define distal ends that are open to one another

and the void.

23. The bone anchor of claim 22, wherein the bone anchor body has first and second internal
surfaces that face one another so as to at least partially define the void, and the first and second
internal surfaces are planar as they extend from the distal-most surface of the bone anchor to a

floor of the void.

24, The bone anchor of claim 2, wherein each of the first to fourth channels extends through a

proximal-most surface of the bone anchor.

25. The bone anchor of claim 1, wherein the deformation material defines a color that 1s

configured to prevent the applied energy from the laser from traveling to the distal end.

26. The bone anchor of claim 1, wherein the bone anchor i1s made of a substance that prevents

the applied energy from traveling to the distal end.

27. The bone anchor of claim 3, wherein the first and second channels are spaced opposite

one another.

28. The bone anchor of claim 3, wherein the first and second channels are offset from one

another other by an angle of separation of substantially 90 degrees.

29. The soft tissue fixation system as recited in claim 19, wherein the second support member
1s configured to attach to a first end of the strand of suture on a first side of the light pipe, and to a

second end of the strand of suture on a second side of the light pipe, opposite the first side.

30. The soft tissue fixation system as recited in claim 19, wherein the first and second support

members are spaced from one another along a longitudinal direction that is parallel to the central
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longitudinal axis, and the system comprises a biasing element that extends from the first support

member to the second support member.
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