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SYSTEMS AND METHODS FOR TREATING SOFT TISSUE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of US. Patent Application Serial No.
63/427.278 filed on November 22, 2022, the disclosure of which 13 incorporated herein by

reference.

TECHNICAL FIELD
The present disclosure pertains generally 1o medical devices and methods of using
medical devices. More particularly, the present disclosure relates to medical devices and/or
systems, and methods of using the same, for arthroscopic placement of a sheet-like implant
over or in the area of a full or partial thickness tear of a tendon. such as the supraspinatus

tendon of the shoulder

BACKGROUND
With its complexity, range of motion and extensive use, a common soft tissue injury
is damage to the rotator cuff or rotator cuff tendons. Damage to the rotator cuff 15 a
potentially serious medical condition that may occur during hyperextension, from an acute
traumatic tear, or from overuse of the joint. There is an ongoing need to deliver, position,
and secure medical implants (o soft tissue during an arthroscopic procedure in order (o treat
mjuries to the rotator cuff rotator cuff tendons, or other soft tissue or tendon injuries

throughout a body.

SUMMARY
In one example, a system for deploving a bone anchor 1o bone may comprise an
clongate shaft mcluding a distal tip configured for msertion mnto the bone, and an annular
bone anchor positioned proximate a distal end of the elongate shaft proximal of the distal
tip. The anmular bone anchor may be configured to shift radially ocutward from a delivery

configuration to a deploved configuration,
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In addition or alternatively to any example disclosed herein, axial transiation of the
elongate shaft relative to the annular bone anchor shifts the annular bone anchor from the
delivery configuration to the deploved configuration.

In addition or alternatively to anv example disclosed herein, axial transiation of the
distal tip relative to the annular bone anchor shifis the anmular bone anchor from the
delivery configuraiion to the deploved configuration.

In addition or alternatively to anv example disclosed herein, axial translation of the
distal tip relative to the annular boune anchor when the annular boue anchor 1s in the delivery
configuration splits an annudar wall of the annular bone anchor to define a first longiiudinal
edge and a second longitudinal edge facing and spaced apart from the first longitudinal
edge.

In addition or alternatively to any example disclosed hergin, rotation of the elongate
shaft relative to the annular bone anchor shifis the annuiar bone anchor from the delivery
configuration to the deploved configuration.

In addition or alternatively to any example disclosed herein, rotation and axial
fransiation of the distal tip relative to the annular bone anchor when the annular bone
anchor 15 1o the delivery coufiguration splits the anwular bone anchor apart helically 1o
define a first edge and a second edge that moves circumferentially away from the first edge
after the annular bone anchor has been split apart helically.

In addition or altematively to anv example disclosed herein, the annular bone
anchor includes at least one projection extending radially outward therefrom.

In addition or alternatively to any example disclosed herein, axial compression of
the anmular bone anchor shifts the ammudar bone anchor from the delivery configuration to
the deploved configuration.

In addition or altematively to anv example disclosed herewn, the annular bone
anchor 1s self-biased toward the deployved configuration.

I addition or altemnatively to any example disciosed herein, the elongate shaft
meludes an inner member fixedly attached to the distal tip and an outer member shidably
disposed over the mner member.

In addition or alternatively to any example disclosed herein, the annular bone
anchor 1s disposed within the outer member in the delivery configuration and axial

2
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translation of the outer member relative to the inner member exposes the annular bone
anchor, thereby permitting the anmular bone anchor to shift from the delivery configuration
toward the deploved configuration.

In addition or altematively o anv example disciosed herein, the annular bone
anchor 1s disposed axially between the outer member and the distal up in the delivery
configuration and axial translation of the outer member toward the distal tip shifts the
annular bone anchor from the delivery configuration toward the deployed configuration.

In addition or altemmatively to anv example disclosed herewn, the annular bone
anchor 1s disposed axially between the outer member and the distal tip o the delivery
configuration and rotation of the inner member relative to the outer member shifis the
annuiar bone anchor from the delivery configuration toward the deploved configuration,

In addition or alternatively 1o anv example disclosed herein, a system for deploying
a bone anchor in bone may comprise an glongate shaft including an inner member and a
distal tip fixed at a distal end thereof, the distal tip being configured for insertion into the
bone, and an annular bone anchor surrounding the inner member proximal of the disial up
1 adelivery configuration. The annular bone anchor may be self-biased toward a deploved
conliguration when unconstrained.

In addition or altematively to any example disclosed herein, when the annular bone
anchor 15 constrained in the delivery configuration, a perforation extends longitudinally
along a length of the annular bone anchor.

In addition or alternatively to anv example disclosed herein, axial transiation of the
distal tip relative i{o the anmilar bone anchor spiits the amnular bone anchor apart
longitudinally along the perforation fo define a first longitudinal edge and a second
longitudinal edge facing and spaced away from the first longitudinal edge.

I addition or alternatively to any example disclosed herein, the mner member
includes a cutting element extending radially outward therefrors and proximally {rom the
distal tip.

i addition or alternatively to any example disclosed herein, axial translation of the
cutting efement relative o the annular bone anchor splits the annular bone anchor apart
longitudinally to define a first longitudinal edge and a second longitudinal edge facing and

spaced away from the first longitudinal edge.

3
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In addition or alternatively to any example disclosed herein, when the annular bone
anchor is constrained in the deliverv configuration, the first longitudinal edge is directly
connected to the second longitudinal edge.

In addition or alternativelv io any example disclosed herein, the distal {ip is
configured for insertion directly into the bone withowt a pilot hole preformed in the bone.

In addition or alternatively to anv example disclosed berein, the annular bone
anchor inchides a shape memory structure embedded therein, the shape memory structure
being formed of a shape memory maierial and being self-biased toward the deploved
configuration.

In addition or aliernatively to anv example disclosed herein, in the delivery
configuration the anmitlar bone anchor has a first outer radial extent and in the deploved
configuration the annular bone anchor has a second outer radial extent that 1s greater than
the first outer radial extent.

In addition or alternatively to any example disclosed herein, in the dehivery
configuration the anmular bone anchor 15 disposed entirely proxamal of the distal tip.

In addition or altemnatively to any example disclosed herein, a sysiem for securing
a sheei-like implant to bone and/or tissue at a treatment site may comprise a delivery shaft
including a piercing tip, and a bone anchor including a suture loop extending proximally
therefrom to an anchor hook. The bone anchor may include a tightening element disposed
within the bone anchor. The tightening element may be configured to shorten the suture
foop.

In addition or alternatively to any example disclosed herein, the delivery shaft
extends through the bone anchor.

In addition or alternatively to any example disclosed herein, the delivery shaft
includes a lumen extending longitudinally therein,

In addition or altematively o any example disclosed herein, the delivery shaft
includes a longitudinal slot extending proximally from the piercing tip, the longitudinal
stot being in conununication with the fumen of the delivery shaft.

In addition or alternatively to any example disclosed herein, the anchor hook
extends through the iongitudinal slot during deliverv of the bone anchor to the treatment

siie.
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In addition or alternatively to anv example disclosed herein, the suture loop is
disposed within the lumen of the delivery shaft during delivery of the bone anchor to the
treatment site.

In addition or alternatively to anv example disclosed hersin, the piecing tip is
disposed distal of the bone anchor.

In addifion or alternatively to any example disclosed herein, the anchor hook is
configured to engage a loop extending laterally from the sheet-like vmplant.

I addition or alternatively to any example disclosed herein, the suture loop 15
configured to pull at least a portion of the anchor hook within the bone anchor.

In addition or alternatively to any example disclosed herein, the anchor hook is
rigid.

In addition or alternatively to any example disclosed herein, the piercing tip is
configured to pass through the bone anchor after deployment of the bone anchor within the
bone at the treatment siie.

In addition or aliernatively o any example disclosed herein, a method of securing
a sheei-like implant to bone and/or issue at a treatment site may comprise: positioming the
sheet-like 1mplant at the treatment sile, the sheet-like mplant ncluding a loop extending
{aterally therefrom; delivering a bone anchor to the treatment site using a delivery shaft,
wherein the bone anchor is disposed on the delivery shaft; driving a piercing tip of the
delivery shafl inio the bone at the treatment site, thereby inserting the bone anchor into the
bone at the treatment site, wherein the bone anchor includes a suture loop extending
proximally therefrom to an anchor hook; coupling the anchor hook to the loop of the sheet-
like umplant; and shortening the suture loop of the bone anchor (o apply tension to the loop
of the sheet-like implant.

In addition or alternatively to anv example disclosed heremn, the method may
comprise withdrawing the piercing tip through the bone anchor,

In addition or altermanively to any example disclosed herein, the bone anchor
includes a tightening element disposed withun the bone anchor, the tightening element

being configured o shorten the swture loop of the bone anchor.
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In addition or alternatively to any example disclosed herein, shortening the suture
foop of the bone anchor includes pulling at least a portion of the anchor hook within the
bone anchor.

In addition or alternatively {0 any example disclosed herein, the delivery shaft
includes a longitudinal slot extendimg proximally from the piercing tip, the anchor hook
extending through the longitudinal slot.

In addition or altemnatively to any example disclosed herein, the method may
comprise securing the sheet-like iroplant to the tissue at the treatment site.

In addition or altematively to any example disclosed herein, a tissue repair implant
may conmprise a sheet-like implant configured to be attached to tissue and a bone adjacent
the tissue, and at ieast one bone anchor rotatably attached to and non-removable from the
sheet-like implant.

In addition or altemaiively o any example disclosed herein, the at least one bone
anchor is rotatable relative to the shegi-hike moplant.

In addition or alternatively to any example disclosed herein, each bone anchor of
the at least one bone anchor includes a body portion, a proximal head, and a neck
connecting the proximal head to the body portion.

In addition or alternatively to any example disclosed herein, the neck has a first
radial extent, the proximal head has a second radial extent, and the body portion has a third
radial extent. The first radial extent 1s less than the second radial extent and the third radial
extent.

In addition or altematively to anv example disclosed herein, the neck extends
through the sheet-like implant such that the proximal head 15 disposed proximal of the
sheet-like implant and the body portion is disposed distal of the sheet-like implant.

In addition or altermativelv to any example disclosed herein, the body portion
includes a helical thread extending radially outward therefrom, the helical thread being
configured to engage the bone.

I addition or alternatively to any example disclosed herein, the sheet-like implant
inchudes a reinforcing element embedded therein,

In addition or alternatively to any example disclosed herein, the reinforcing element

is a washer.
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In addition or alternatively to any example disclosed herein, the reinforcing element
mcludes an aperture and the at least one bone anchor extends through the aperture.

In addition or alternatively to any example disclosed herein, the at least one bone
anchor is rotatable within the aperture.

In addition or alternatively to any example disclosed herein, a method of securing
a sheet-like implant to bone and/or tissue at a treatment site may comprise: posttioning the
sheet-like 1mplant at the treatment site, the sheet-like tmplant including at least one bone
anchor rotatably attached to and non-removable from the sheet-like urplant; driving the at
least one bone anchor into the bone at the {reatment site; and securmg the sheet-like vmplant
o the tissue at the treatment site.

I addition or alternatively to any example disclosed herein, driving the at least one
bone anchor nto the bone includes rotating the at least one bone anchor relative to the
sheet-like implant.

In addition or altematively (o any example disclosed herein, the at least one bone
anchor includes a helical thread extending radially outward from a body portion thereof,
the helical thread being confligured to engage the bone.

In addihion or alternatively 1o any exarople disclosed herein, the at least one bone
anchor is rotatably attached to and non-removable from the sheet-like mmplant prior to
positioning the sheet-like implant at the freatment site.

In addition or alternatively to any example disclosed herein, each bone anchor of
the at least ong bone anchor inchides a body portion, a proximal head, and a neck
connecting the proximal head to the body portion. The neck extends through the sheet-like
implant.

In addition or aliematively to anv example disclosed herein, the proximal head is
disposed proxirnal of the sheet-like implant and the body portion 1s disposed distal of the
sheet-like implant.

I addition or alternatively to any example disclosed herein, the sheet-like implant
includes a reinforcing element embedded therain,

In addition or altematively to any example disclosed herein, the at least one bone

anchor extends through the reinforcing element.
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In addition or alternatively to any exarnple disclosed herein, the at least one bone
anchor is non-removable from the reinforcing element.

In addition or alternatively to any example disclosed herein, a bone screw may
comprise a body ncluding a helical thread extending radially outward therefrom, the body
further inclhuding an aperture extending axially into the body from a proximal end of the
body, and a cap including an enlarged head and a neck extending away from the enlarged
head. The neck may be configured for insertion into the aperture to selectively attach the
cap to the body.

I addition or altermnatively to any example disclosed herein, the bone screw is
configured to selectively secure a sheet-like implant between the cap and the body.

i addition or alternatively to any example disclosed herein, the neck is configured
for msertion through the sheet-like implant.

In addition or alternatively to any example disclosed herein, the neck has a first
radial extent, and the enlarged head has a second radial extent, the first radial extent being
less than the second radial extent.

In addition or alternatively to any example disclosed herein, the first radial extent
1s at least 50% less than the second radial extent.

In addition or alternatively o any example disclosad herein, the neck is configured
1o snap into the aperture.

In addition or alternatively to any example disclosed herein, the neck i1s configured
to screw into the aperture,

In addition or altematively to anv example disclosed herein, the neck extends
substantially perpendicular to the enlarged head.

In addition or alternatively {o any example disclosed herein, a method of securing
a sheet-like implant to bone and/or fissue at a treatrent site may comprise: driving a body
of a bone screw into the bone at the {reatment site, wherein the body mcludes an aperture
extending axially into the body from a proximal end of the body; positioning the sheet-like
unplant at the treatment site over the body of the bone screw; and engaging a cap of the
bone screw with the aperture such that the sheet-like implant i3 secured betweean the cap

and the body.
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In addition or altematively to any example disclosed herein, the cap includes an
enlarged head and a neck extending away fron: the enlarged head. The neck is configured
for insertion into the aperture o selectively attach the cap to the body.

In addition or alternatively to any example disclosed herein, engaging the cap with
the aperture includes wrging the neck through the sheet-like implant.

In addition or alternatively to any example disclosed herein, the sheet-like implant
includes a reinforcing element embedded therein,

In addition or altematively to any example disclosed herein, after engaging the cap
with the aperture, the neck extends through the remnforcing element.

In addition or altematively to anv example disclosed herein, the method may
comprise securing the sheet-like iroplant to the tissue at the treatment site.

In addition or alternatively io any example disciosed herein, a bone screw may
comprise a body including a helical thread extending radially outward therefrom, the body
further incloding a post extending proximally from the body, and a cap inchiding an
enlarged head having an aperture formed therein, wherein the cap s configured io
selectively attach to the post.

In addition or alternanively to any example disclosed herein, the bone screw is
configured to selectivelv secure a sheet-like implant between the cap and the body.

In addition or alternatively to any example disclosed herem, the post is configured
for insertion through the sheet-like implant.

In addition or alfernatively to any example disclosed herein, the post has a first
radial extent and the enlarged head has a second radial extent, the first radial extent being
less than the second radial extent.

In addition or alternatively to any example disclosed herein, the first radial extent
1s at least 50% less than the second radial extent.

I addition or alternatively to any example disclosed herein, the post s conligured
to snap into the aperture,

In addition or alternatively 10 any example disclosed herein, the post is configured
1o screw into the aperture,

In addition or alternatively o anv example disclosed herein, the post extends
substantially perpendicular (o the enlarged head after attachment of the cap to the post.

Q
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In addition or alternatively {0 any example disclosed herein, a method of securing
a sheet-like implant to bone and/or tissue at a treatment site may comprise; driving a body
of a bone screw into the bone at the treatment site, wherein the body includes a post
extending proximally from the body. positioning the sheet-like implant at the treatment site
over the post of the bone screw; and engaging a cap of the bone screw with the post such
that the sheet-like implant 1s secured between the cap and the body.

In addition or alternatively to any example disclosed heremn, the cap includes an
enlarged head and an aperture formed therein. The post is configured for tusertion mio the
aperture 1o selectively attach the cap to the body.

ir addition or altemnatively to any example disclosed herein, method may comprise
urging the sheet-like implant onto the post such that the post extends through the sheet-like
implant.

In addition or alternatively to any example disclosed herein, the sheet-like implant
inchudes a reinforcing element embedded therein.

In addition or alternatively {o any example disclosed herein, after engaging the cap
with the post, the post exiends through the reinforcing element.

In addition or altemmatively 1o any example disclosed herem, method mav comprise
securing the sheet-like implant to the tissue at the treatment site.

In addition or altematively to anv example disclosed herein, a system for deploying
a bone anchor at a treatment site may comprise a delivery shaft including a piercing tip
configured o penetrate bone, and a bone anchor disposed on the delivery shaft proximal
of the piercing tip. The piercing tip may include a plurality of branches extending radially
outward from a central spine.

In addition or alternatively to any example disclosed herein, the delivery shaft
extends through the bone anchor.

In addition or alternatively to any example disclosed herein, the bone anchor
includes an anmular wall,

In addition or altematively to any example disclosed herein, the annular wall
includes a plurality of grooves extending axially along a length of the bone anchor, each

groove corresponding to one branch of the plurality of branches.

10
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In addition or alternatively to any example disclosed hersin, as the piercing tip
penetrates bone at the treatment site, the plurality of branches is circumferentially offset
from the plurality of grooves.

In addition or altematively 1o any example disclosed herein, the delivery shaft is
configured to rotate relative to the bone anchor to align the plurality of branches with the
plurality of grooves for removal of the delivery shaft from the treatment site.

In addition or alternatively 1o any example disclosed herein, the piercing tip is
configured to pass through the bone anchor atier deplovient of the bone anchor within the
bone at the treatroent site.

In addition or alternatively to any exarple disclosed herein, a method of deploying
a bone anchor at a treatment site may comprise: delivering the bone anchor to the treatment
site using a delivery shaft, wherein the bone anchor s disposed on the delivery shaft
proximal a piercing tip; driving the piercing tip of the delivery shaft into the bone at the
treatment site, thereby inserting the bone anchor into the bone at the treatment site; rotating
the delivery shaft relative (o the bone anchor 1o align a phurality of branches of the piercing
fip with a pluraluy of grooves extending axially along a length of the bone anchor; and
withdrawing the piercing tip through the bone anchor.

In addition or alternatively to any example disclosed herein, the plurality of
branches extends radially outward from a central spine of the piercing tip.

In addition or alternatively to any example disclosed herein, the bone anchor
includes an anmular wall,

In addition or alternatively to anv example disclosed herein, the phuality of grooves
is formed in the annolar wall,

In addiion or aliernatively to any example disclosed hergin, each branch of the
plurality of branches corresponds to one groove of the plurality of grooves.

In addition or altermatively to any example disclosed heren, a system for securing
a sheet-like implant to bone and tissue at a treatment site may comprise an anchor delivery
device including a handle, an elongate shaft extending distally from the handle to a piercing
fip, and a striking surface proximate a proximal end of the handle, a suture anchor disposed
on the elongate shaft, and at least one suture extending from the piercing tip. The piercing
fip may be detachable from the elongate shaft.

i1
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In addition or alternatively to any example disclosed herein, each suture end of the
at least one suture includes a needie secured thereto.

In addition or alternatively to any example disclosed herein, the needie is
configured to pass through the tissue at the treatment site.

In addition or altemnaiively 1o any example disclosed herein, the suture anchor is
devoid of helical threads extending radially outward therefrom.

In addition or alternatively to any example disclosed herein, the handle includes
suture posts extending laterally from the handle. The at least one suture 1s wrapped around
the suture posts during delivery of the suture anchor {0 the treatment site.

In addition or alternatively to any example disclosed herein, a method of securing
a sheet-like implant to bone and fissue at a treatment site may cormprise positioning a
suture anchor adjacent the bone at the treatment site using an anchor delivery device, the
anchor delivery device comprising. a handle, an elongate shaft extending distally from the
handie to a percing tip, and a striking surface prosimate a proximal end of the handle,
wherein the sulure anchor 15 releasably secured to the elongate shaft; driving the plercing
fip and the suture anchor into the bone at the treatment site by applyving a striking force to
the striking surface; posiioning the sheet-like implant at least partially overlaying the
suture anchor at the treatmoent site; and securing the sheet-like implant to the bone at the
freatment site using at least one suture extending from the suture anchor.

In addition or alternatively to any example disclosed herein, the method may
comprise detaching the elongate shaft from the piercing tip; and removing the elongate
shaft from the treatment site while leaving the piercing tip and the suture anchor within the
bone.

In addition or alternatively to any example disclosed herein, the handle includes
suture posts extending from the handle. The at least one suture 15 configured to wrap
around the suture posts during delivery of the suture anchor fo the treaiment site.

In addition or altematively to any example disclosed herein, each suture end of the
at feast one suture includes a needle secured thereto.

In addition or alternatively to any example disclosed herein, the needie is

configured to pass through the tissue at the {reatment site.
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In addition or alternatively to any example disclosed herein, the method may
comprise passing the at least one suture through the tissue at the treatment site after the
suture anchor is driven into the bone at the {reatment site.

The above summary of some embodiments, aspecis, and/or examples is not
intended to describe each disclosed embodiment or every implementation of the present
disclosure. The figures and the detailed description which follows more parficularly

exemplify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
The disclosure may be more completely understood in consideration of the
following detailed description in connection with the accompanying drawings, in which:
FIGS. 1-3 tllustrate selected aspects of a system for deploving a bone anchor;
FIGR. 4A-4C illusirate selected aspecis of the system of FIGS. 1-3 in usg;
FIG. 5 illustrates selected aspects of the system of FIGS. 1-4C;

FIGS. 6A-6C illustrate selecied aspects of the system of FIGS. 1-3 in an alternative

use;
FIGS. 7A-7C illustrate selected aspects of a system for deploying a bone anchor in
use;
FIGS. 8-91llustrate selected aspeacts of a system for deploving a bone anchor in use;
FIGS. 10A-10C iliustrate selected aspects of a system for deploying a bone anchor
in use;

FIG. 11 iHustrates selecied aspects of a system for securing a sheet-like implant to
bone and/or tissue;

FIG. 12 iHostrates selected aspects of the svstem of FIG. 11 rotated about tis central
longitudinal axis;

FIGS. 13-16 illustrate selected aspects of a method of securing a sheet-like vmplant
to bone and/or tissue using the system of FIGS, 11-12;

FIG. 16A1s  partial cross-sectional view tlustrating selected aspects of FIG. 16

FIGR. 17-18 illustrate selected aspects of a tissue repair implant;

FIG. 19 ilustrates selected aspects of an alternative configuration of the tfissue

repair implant of FIGS. 17-18;

i3
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FIGS. 20-21 illustrate selected aspects of a method of securing a sheet-like implant
o bone and/or tissue using the system of FIGS. 17-19;

FIG. 21 A 1s a partial cross-sectional view illustrating selected aspects of FIG. 21,

FIG. 22 i3 a partial cross-sectional view illustrating selected aspects of a bong
screw,

FIGS. 23-24 illustrate selected aspects of a method of securing a sheet-like implant
{0 bone and/or tissue using the bone screw of FIG. 22;

FIG. 25 13 a parhal cross-sectional view illustrating selected aspects of a bone
SCTew,

FIGR. 26-27 illustrate selected aspects of a method of securing a sheet-like implant
to bone and/or tissue using the bone screw of FIG. 25;

FIG. 28 illustrates selecied aspecis of a svstem for deploying a bone anchor at a
treatment sile;

FIGS. 29-30 illustrate selected aspects of a method of deploving a bone anchor
using the system of FIG. 28;

FIG. 31 A dlustrates selected aspects of a system for securing a sheet-like iroplant
{0 bone and tissue;

FIG. 32B illustrates selected aspects of the system of FiG. 31A rotated abowt s
central longitudinal axis; and

FIGS. 32-35 illustrate selected aspects of a method for securing a sheet-like implant
to bone and tissue using the system of FIGS. 31A-31B.

While aspects of the disclosure are amenable to various modifications and
alternative forms, specifics thersof have been shown by way of example mn the drawings
and wili be described in detail. i should be understood, however, that the intention 15 not
to ot aspects of the disclosure to the particular embodiments described. On the condrary,
the intention 1s {0 cover all modifications, equivalents, and aliernatives falling within the

spirit and scope of the disclosure.

DETAILED DESCRIPTION
The following description should be read with reference to the drawings, which are

not necessarily to scale. Like reference numerals indicate like elements throughout the

i4



WO 2024/112657 PCT/US2023/080517

-
n

20

views. The detailed description and drawings are infended to tHusirate but not himit the
disclosure. Those skilied in the art will recognize that the various elements described
and/or shown may be arranged in various combinations and configurations without
departing from the scope of the disclosure,

For the following defined terms, these definitions shali be applied, unless a different
definition is given in the claims or elsewhere in this specification,

All numeric values are hergin assumed to be modified by the term “abowut,” whether
or not explicitly indicated. The term “about”, 1n the context of nurmeric values, generally
refers to a range of nurbers that one of skill in the art would cousider equivalent to the
recited value (e g., having the same function or result). Inmany instances, the term “about”
may include numbers that are rounded to the nearest significant figure. Other uses of the
term “about” {e.g., in a coniext other than numeric values) may be assumed o have their
ordinary and customary definition{s}, as understood from and consistent with the context
of the specification, unless otherwise specified.

The recitation of numerical ranges by endpoints includes all numbers within that
range, mcluding the endpomts {e.g., 1 to Sincludes ¥, 1.5, 2, 275, 3, 3.80, 4, and 5).

Abhough some suntable dimensions, ranges, and/or values pertaining to various
components, features and/or specifications are disclosad, one of skill in the art, incited by
the present disclosure, would understand desired dimensions, ranges, and/or values may
deviate from those expressly disclosed.

B

As used in this specification and the appended claims, the singular forms “a”, “an”,
and “the” include plural referents unless the content clearly dictates otherwise. Asused in
this specification and the appended claims, the term “or” 15 generally emploved in its senge
including “and/or” unless the content clearly dictates otherwise. Tt is to be noted that in
order to facilitate understanding, certain features of the disclosure may be described i the
singular, even though those features may be plural or recwrring within the disclosed
embodiment{s). Each instance of the features may mclude and/or be encompassed by the
singular disclosure(s), unless expresslv stated to the contrary. For simplicity and clarity
purposes, not all elements of the disclosure are necessarily shown in each figure or
discussed in detail below. However, it will be understood that the following discussion
may apply equally to any and/or all of the components for which there are more than one,
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urless explicitly stated to the contrary. Additionally, not all instances of some elements or
features may be shown in each figure for clarity.

Relative terms such as “proximal”, “distal”, “advance”, “retract”, varnanis thereof,
and the like, mayv be generally considerad with respect to the positioning, direction, and/or
operation of various elements relative {0 a user/operator/manipuiator of the device, wherein
“proximal” and “retract” mdicate or refer to closer o or toward the user and “distal” and
“advance” indicate or refer to farther from or away from the user. In some instances, the
terms “proximal” and “distal” may be arburanly assigned o an effort o facilitate
understanding of the disclosure, and such instances will be readily apparent to the skilled
artisan. Other relative terms, such ag “axial”, “circumferential”, “longitudinal”, “lateral”,
“radial”, etc. and/or variants thereof generally refer to direction and/or orientation relative
to a central longitudinal axis of the disclosed structure or device.

The term “extent” mav be understood to mean the greatest measurement of a stated
or identified dimension, unless the exient or dimension in question is preceded by or
identified as a “minimum”, which may be understood to mean the smallest measurement
of the stated or identified dimension. For exarople, “outer extent” may be undersiood to
mean an ouler dimension, “radial exient” may be understood to mean a radial dimension,
“longitudinal extent” mav be understood to mean a longitudinal dimension, etc. Fach
mstance of an “extent” may be different {(eg. axial, longitudmal, lateral, radial,
circumferential, etc.} and will be apparent o the skilled person from the condext of the
mdividual usage. Generally, an “extent” may be considered a greatest possible dimension
measured according 1o the intended usage, while a “minimum exient” may be considered
a smallgst dimension measured according to the intended usage. n some instances, an
“extent” may generally be measured orthogonally within a plane and/or cross-section, but
may be, as will be apparent from the particular context, measured differently — such as, but
not himted to, angularly, radially, circumferentially {e.g., along an arc), eic.

It 15 noted that references in the specification to “an embodiment”, “some
embodiments”, “other embodimenis”, etc., indicate that the embodiment(s} described may
include one or more particular features, structures, and/or characteristics. However, such
recitations do not necessarily mean that all embodiments include the particular features,

structures, and/or charactenistics. Moreover, such phrases are not necessarily referring {o
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the same embodiment  Further, when a particular feature, structure, or characteristic is
described in connection with an embodiment, i would be within the knowledge of one
skilled in the art o implement the particular feature, structure, or characteristic in
connection with other embodiments, whether or not explicitly described, unless clearly
stated to the contrary. That 15, individual elements described herein, even if not exphicitly
shown in a particular combination, are contemplated as being combinable or arrangeable
with each other to form other additional embodiments or to complement and/or enrich the
described embodiment(s), as would be understood by one of ordinary skill mn the art.

For the purpose of clarity, certain identifving nurnerical nomenclature {e.g., first,
second, third, fourth, eic.} may be used throughout the description and/or claims to name
and/or differentiate between various described and/or claimed features. It is to be
understood that the numerical nomenclature is not intended to be limiting and is exemplary
oniy. In some embodiments, alterations of and deviations from previously used numerical
nomenciature may be made in the interest of brevity and claniy. Thatis, a feature identified
as 3 “first” ¢lement may later be referred 10 as a “second” element, g “third” element, eic.
or may be omutted entirely, and/or a different feature may be referred fo as the “first”
element. The meaning and/or designation in each instance will be apparent to the skilled
practitioner,

The figures generally illustrate selected components and/or arrangements of
medical devices, systems, and/or methods. 1t should be noted that in any given figure,
some features may not be shown, or may be shown schematically, for simplicity.
Additional details regarding some elements may be iliustrated in other figures in greafer
detail. It is to be noted that in order to facilitate understanding, certain features of the
disclosure may be described in the singular, even though those features may be phural or
recurring within the disclosed embodiment(s). Each instance of the features may inchude
and/or be encompassed by the singular disclosure(s), unless expressly stated to the
contrary. For example, a reference to features or elements may be equally referred to all
instances and quantities beyond one of said feature or element  As such, 1t will be
understood that the following discussion may apply equally to any and/or all of the
elements for which there are more than one within the medical devices, systems, and/or

methods, unless exphicitly stated (o the contrary.
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With its complexity, range of motion, and extensive use. a conumnon soft tissue
injury 1s damage to the rotator cuff or rotator cuff tendons. Damage to the rotator cuffis a
potentially serious medical condition that may occur during hyperextension, from an acute
traumatic tear, or from overuse of the joint. An accepted ireatment for rotator cudt tears
may include reattaching the torn tendon to the humeral head using sutures. Additionally,
i treating rotator cuff tears, an accepted practice may also include the placement of a
scaffold over the repaired tendon to mechanically reinforce the repaired tendon and/or
promwote tissue reforroation. Therefore, there 15 an ongoing need to dehiver, position, and
secure medical implanis to bone and/or soft tissue during an arthroscopic procedure
order to treat injuries to the rotator cuff, rotator cuff tendons, or other soft tissue or tendon
mjuries throughout a body.

FIGR. 1-3 illustrates selected aspects of a system 100 for deploying a bone anchor
in bone. It shall be understood that a bone anchor (not limited 1o a bone anchor of the
sysiem 100), as used i the disclosure, may be configured o provide an anchoring point
for a suture, a medical implant, or other element as 13 known in the art.  As such, while
such element(s) may not be expressly illusirated, a suture, a fastening element, a medical
mplant, efc. may be connecied to and/or may exiend from the bone anchor after
deployvment for use in a medical procedure and/or treatment.

In some embodiments, the system 100 may include an elongate shaft 110 including
a distal tip 112 configured for insertion inio the bone. In some embodiments, the distal tip
112 may be configured for insertion directly into the bone without a pilot hole preformed
in the bone. For example, the distal tip 112 may be capable of piercing an outer sunface of
the bone via an apphied axial force. In some embodiments, the elongate shaft 110 may
include an inner member 114 fixedly attached to the distal tip 112 and an outer member
120 shidably disposed over the inner member 114, In some emboduments, the distal uip 112
may be fixed at a distal end of the tnner roervber 114, In soroe ernbodirvends, the distal tip
112 may have an outermost radial extent that is greater than an outer radial extent of the
mmer member 114 In some embodiments, the distal tip 112 may define a proximal
shoulder 113 extending from the outermost radial extent of the distal tip 112 to the outer

radial extent of the inner member 114, In some embodiments, the proximal shoulder 113
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may extend generally perpendicular to a longitudinal axis of the elongate shaft 110 and/or
the inner member 114

In some embodiments, the clongate shaft 110 and/or the inner member 114 may
include a stritking swface (e.g., FIG. 8) proximate a proximal end thereof In some
embodiments, the svstem 100 may melude a mallet or other tool configured to engage the
striking surface to drive the distal tip 112 into bone.

The system 100 may include an annular bone anchor 130 positioned prosimate a
distal end of the elongate shaft 110 proxumal of the distal up 112 and/or the proximal
shoulder 113 of the distal tip 112, as seen in FIG. 1. In some emnbodiments, the annular
bone anchor 130 may be configured to shift radially outward from a delivery configuration
{e.g, FIGS 1-4A) to a deploved configuration (e.g., FI(G 4C). In some embodiments, the
annuiar bone anchor 130 may include an annular wall 132 (e g, FIG. 4C) extending from
a first end to a second end. In some embodiments, the anmular bone anchor 130 may be
disposed about, may extend around, and/or may surround the inner member 114 proxamal
of the distal tip 112 and/or the proximal shoulder 113 of the distal tip 112 1 the delivery
configuration. In some embodiments, the annular wall 132 of the annular bone anchor 130
may be disposed about, may extend around, and/or may surround the inner member 114
proximal of the distal tip 112 and/or the proximal shoulder 113 ofthe distal tip 112 in the
delivery configuration. In some embodiments, the anmular bone anchor 130 may be
disposed between the distal tip 112 and/or the proximal shoulder 113 of the distal up 112
and the outer member 120, In some embodiments, the annular bone anchor 130 may be
disposed axially and/or longitudinally between the distal tip 112 and/or the proximal
showlder 113 of the distad tip 112 and the outer member 120 m the delivery configuration.
In at least some embodiments, in the delivery configuration, the annudar bone anchor 130
may be disposed entirely proximal of the distal tip 112 and/or the proximal shoulder 113
of the distal tip 112.

In some embodiments, the annular bone anchor 130 may be self-biased toward the
deploved configuration when unconstrained.  In some embodiments, in the delivery
configuration the annular bone anchor 130 has a first outer radial extent and in the deployed
configuration the annular bone anchor 130 has a second outer radial extent that s greater

than the first outer radial extent. In the deploved configuration, the annular bone anchor
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130 may engage with the bone and/or exert a radially outward force against the bone to
retain the annular bone anchor 130 therein.

In some embodiments, axial translation of the g¢longate shaft 110 relative to the
annular bone anchor 130 when the anmular bone anchor 130 13 in the delivery configuration
may shift the annular bone anchor 130 from the delivery configuration toward and/or to
the deploved configuration. In some embodiments, axial translation of the distal tip 112
relative 1o the anmilar bone anchor 130 when the annular bone anchor 130 18 in the delivery
configuration may shift the annular bone anchor 130 from the delivery confliguration
toward and/or to the deployed configuration.

I some embodiments, the tnner member 114 may include a cutting element 116
extending radially outward therefrom and proximally from the distal uip 112 and/or the
proximal shoulder 113 of the distal tip 112, as seen in FIG 2. In some alternative
embodiments, the cutting element 116 may extend proximally from the distal tip 112 and/or
the proximal shoulder 113 of the distal tip 112 and may be radially spaced apart from the
inner member 114, Other configurations are also conternplated.

In some embodiments, when the annular bone anchor 130 15 constramned in the
delivery configuration, a perforation 134 extends longuudinally along a length of the
annular bone anchor 130 from the first end to the second end, as seen in FIG. 3. In some
embodiments, when the annular bone anchor 130 is constramned in the dehivery
configuration, the perforation 134 may extend helically along the length of the annular
bone anchor 130 from the first end to the second end.

In some embodiments, axial translation of the distal tip 112 relative o the annular
bone anchor 130 when the anmuilar bone anchor 130 is in the delivery configuration splits
the annular wall 132 of the anmuidar bone anchor 130 {o define a first longitudinal edge 136
and a second longiiudinal edge 138 facing and spaced apart from the first longitudinal edge
136, as seen in FIGS. 4A-4C, in at feast some embodiments, axial translation of the distal
tip 112 relative to the annular bone anchor 130 may be proximal translation of the distal
tip 112 relative to the annular bone anchor 130,

In some embodimenis, axial translation of the distal tip 112 relative to the anmular
bone anchor 130 when the annular bone anchor 130 is in the delivery configuration may

fear or rupture the annular wall 132 of the annular bone anchor 130, thereby shifting the
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annular bone anchor 130 toward and/or to the deploved configuration and/or permitting the
annuiar bone anchor 130 to shiff toward and/or to the deploved configuration,

In some embodiments, axial translation of the distal tip 112 relative o the annular
bone anchor 130 when the anmular bone anchor 130 is in the delivery configuration splits
the annufar wall 132 of the annular bone anchor 130 apart longitudinally along the
perforation 134 to define the first longiiudinal edge 136 and the second longitudinal edge
138 facing and spaced apart from the first longitudinal edge 136, In some embodiments,
axial translation of the distal tip 112 and/or the cutting elerent 116 relative to the annular
bone anchor 130 when the anoular bone anchor 130 15 in the delivery configuration sphits
the annular wall 132 of the annular bone anchor 130 apart longitudinally to define the first
longitudinal edge 136 and the second longitudinal edge 138 facing and spaced apart from
the first longitudinal edge 136, In some embodiments, axial translation of the outer
member 120 toward the distal ip 112 and/or the proximal shoulder 113 of the distal tip 112
{and/or axial translation of the distal tip 112 and/or the proximal shoulder 113 of the distal
fip 112 toward the outer member 120) may shift the annular bone anchor 130 from the
delivery configuration toward and/or to the deploved configuration. In at least some
embaodiments, the axial translation may be proxamal translation.  In some embodiments,
when the annular bone anchor 130 is constrained in the delivery configuration, the first
fongitudinal edge 136 is directly connected to the second longitudinal edge 138

In some embodiments, the annular bone anchor 130 may include a shape memory
structure 140, as seen i FIG. 5. The shape memory structure 140 may be formed of a
shape memory material {e.g., nitinol, etc.). The shape memory siructure 140 may be self-
biased toward the deployved configuration. In some embodiments, the shape memory
structwre 140 wayv include a spine 142 oriented longitudinally and a phwality of
circumferential ribs 144 extending therefrom. In some ermbodiments, the shape memory
structure 140 may be a tubular member having a shit or a cut formed therein adjacent the
first longitudinal edge 136 and/or the second longitudinal edge 138 after the annular bone
anchor 130 has been split apart longutudinally. In some embodiments, the shape memory
straciure 140 may be ai feast partially embedded within the annular wall 132, For
ffustrative purposes only, the shape memory structure 140 is shown in FIG. 5 embedded

within the annuolar wall 132 of the annular bone anchor 136, In some embodiments, the
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shape memory structure 140 may be fixedly attached to the anmular bone anchor 130, in
some embodiments, the shape memory structure 140 may be fixedly attached to an mner
surface of the annular wall 132, In some embodiments, the shape memory structure 140
may be fixedly attached to an outer surface of the annular wall 132, Other configurations,
including combinations thereof, are also contemplated.

In some embodiments, rotation of the elongate shaft 110 and/or the inner member
114 relative to the annudar bone anchor 130 may shaft the annular bone anchor 130 from
the delivery configuration toward and/or to the deploved configuration. Ton some
embodiments, rotation and axial transiation of the distal tip 112, the cutting element 116,
and/or the inner member 114 relative to the annular bone anchor 130 when the annular
bone anchor 130 is in the delivery configuration splits the annular bone anchor 130 apart
helically to define a first edge 137 and a second edge 139 that moves circumferentially
away from the first edge 137 after the annular bone anchor 130 has been sphit apart
helically, as seen in FIGS. 6A-6C. In at least some embodiments, the axial translation may
be proximal translation.  In some embodiments, when the anmular bone anchor 130 is
constramed in the delivery configuration, the first edge 137 may be duectly connected to
the second edge 139,

In some embodiments, axial compression of the annular bone anchor 130 may shift
the annular bone anchor 130 from the delivery configuration toward and/or 1o the deployed
configuration, as shown in FIGS. 7A-7C. In some embodiments, the annular bone anchor
130 may be disposed axially and/or longitudinally between the outer member 120 and the
distal tip 112 and/or the proximal shoulder 113 of the distal tip 112 and axial transiation of
the outer member 120 toward the distal tip 112 and/or the proxamal shoulder 113 of the
distal tip 112 (and/or axial translation of the distal tp 112 and/or the proximal shoulder
113 of the distal tip 112 toward the outer merober 120} may shift the annular bone anchor
130 from the delivery configuration toward and/or fo the deploved configuration. In some
embodiments, axial compression of the annular bone anchor 130 mayv cause the annular
wall 132 {e.g., FIG 4C} 1o collapse anially i an accordion-like fashion while expanding
radially outward. In some embodiments, after axially compressing the annular bone anchor
130, the annular wall 132 may develop a serigs of ridges 133 along ifs outer perimeter

and/or aircumference. The senies of ridges 133 may be configured to engage with the bone
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to retain the annular bone anchor 130 therein.  After shifting the annular bone anchor 130
to the deploved configuration, the distal tip 112 may be pulled proximally through the
annuiar bone anchor 130 for removal therefrom.

In some embodiments, the clongate shaft 110 and/or the inner member 114 may
include a handle 118 proximate a proximal end thereof. In some embodiments, the handle
118 may inchude the sirtking sarface 115, as seen in FIG. & In some embodiments, the
striking surface 113 may be struck by and/or may cooperate with a mallet or other object
to drive the distal tip 112 and/or the annular bone anchor 130 into bone. While not
expressly ilhustrated 1 each figure, the handle 118 and/or the striking surface 115 may be
assumed 1o be present in anv embodiment and/or example discussed herein,

In some embodiments, the annular bone anchor 130 may include at least one
projection 131 extending radially cutward therefrom, as seen in FIGS. 8-9 for example. In
some embodiments, after driving the distal tip 112 and the annular bone anchor 130 nto
the bone, the inner member 114 may be rotated relative to the outer member 120 to shifl
the annular bone anchor 130 from the delivery configuration {e.g., FIG. 8) toward and/or
to the deploved configuration {e.g., FIG. 9).

In some embodiments, rotation of the inner member 114 relative to the outer
member 120 may radially expand the annular bone anchor 130, In some embodiments, the
handie 114 may be used to rotate the inner member 114 relative to the outer member 120
In some embodimenis, the annular bone anchor 130 may have internal threads configured
to engage the inner member 114 to facilitate shifting the annular bone anchor 130 from the
delivery configuration toward and/or to the deploved configuration. In some embodiments,
rotation of the inner member 114 may rotate the annular bone anchor 130 to drive and/or
screw the at least one projection 131 inio the bone. In some embodiments, the at least one
projection 131 may crumple and/or partially collapse upon engaging the bone. The at least
one projection 131 may be configured to engage with the hone to retain the annular bone
anchor 130 therein.  After shifting the annular bone anchor 130 to the deploved
configuration, the distal tip 112 may be pulied proximally through the annular bone anchor
130 for removal therefrom.

In some embodiments, the annular bone anchor 130 may be disposed within and/or

constrained by the outer member 120 in the delivery configuration, as seen in FIG. 10A
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In some embodiments, the annular bone anchor 130 may be self-expanding and/or self-
hased toward the deploved configuration when unconsirained, as seen in FIG. 10B. In
some embodiments, axial translation of the outer member 120 relative to the inner member
114 and/or away from the distal tip 112, and/or relative to the annular bone anchor 130,
may expose the anmudar bone anchor 130, thereby permitting the annular bone anchor 130
o shiftl from the dehivery configuration toward and/or (o the deployed configuration. For
example, proximal axial translation of the outer member 120 relative to the mner member
P14, which may be held in a fixed posttion, may expose the annular bone anchor 130, which
1s disposed proximal of the distal tip 112, After shufting the annular bone anchor 130 to
the deploved configuration, the distal tip 112 may be pulled proximally through the annular
bone anchor 130 for removal therefrony, as seen in FIG. 10C.

As shown in FIGS, 10A-10C, the annular bone anchor 130 may include a plurality
of prongs 135 extending proximally from a body of the anmuilar bone anchor 130 and/or
disposed at a proximal end of the annular bone anchor 130, The plurality of prongs 135
may be configured to flare and/or expand radially outward from the body of the anmular
bone anchor 130 when the annular boue anchor 130 s unconsirained and/or when the
annular bone anchor 130 15 in the deploved configuration.  In some emboduments, the
plurality of prongs 135 may give the annular bone anchor 130 a crown-like appearance.
The plurality of prongs 135 may be configured to engage the bone at the treatment site after
deployment of the annmular bone anchor 130, The plurality of prongs 135 may be configured
to resist forca{s) pulling the anmilar bone anchor 130 out of the bone,

FIGS. 11-12 ilustrate selected aspects of a system 200 for securing a sheet-like
implant to bone and/or tissue at a treatment site. In some embodiments, the svstem 200
may inchude a delivery shaft 210 nchuding a prercing tip 212, The system 200 may inclade
a bone anchor 220 mcluding a suture loop 230 extending proximally therefrom to an anchor
hook 240. The suture loop 230 may be a flexible filament, suture, or sioular biocompatible
element. The anchor hook 240 may be substantially rigid and/or may be formed from a
rigid material. In atleast some embodiments, the bone anchor 220 may nclude a tightering
element 250 disposed within the bone anchor 220. The tightening element 250 may be
configured to shorten the suture loop 230 and/or to draw the anchor hook 240 closer to the

bone anchor 220.
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In some embodiments, the bone anchor 220 may include an axial cavity 222
extending from a proximal end of the bone anchor 220 toward and/or to a distal end of the
bone anchor 220, In some embodiments, af least a portion of the delivery shaft 210 may
extend into and/or through the bone anchor 220 and/or the axial cavity 222, In some
embodiments, the plercing tip 212 may be disposed distal of the bone anchor 220, In some
embodiments, the delivery shaft 210 may include a lumen 214 extending longitudinally
therein. In some embodiments, the delivery shaft 210 way include a longitudinal slot 216
extending proxiroally from the prercing tip 212, The longitudinal slot 216 may exiend
through an anoular wall of the delivery shaft 210, The longitudinal slot 216 may be
commuuucation with the lumen 214 of the delivery shaft 210,

The anchor hook 240 may extend through the longitudinal slot 216 during delivery
of the bone anchor 220 to the treatment site.  As such, a first portion of the anchor hook
240 may be disposed within the humen 214 of the delivery shaft 210 during delivery of the
bone anchor 220 to the treatment site and a second portion of the anchor hook 240 may be
disposed outside of and/or exterior to the delivery shatt 210 during delivery of the bone
anchor 220 1o the treatment site. The suture loop 230 may extend from the bone anchor
220 and/or the tighterung element 250 to the first portion of the anchor hook 240, The
suture loop 230 mav be disposed within the lumen 214 of the delivery shaft 210 during
delivery of the bone anchor 220 to the treatment site. i some embodiments, the sutwre
foop 230 and/or the tightening element 250 may be configured to pull at least a portion of
the anchor hook 240 into and/or within the axial cavity 222 of the bone anchor 220.

In some embodiments, the piercing tip 212 may be configured to pass through the
bone anchor 220 and/or the axial cavity 222 of the bone anchor 220 after deployment of
the bone anchor 220 within the bone at the treatment site.  Accordingly, in at least some
embodiments, the plercing up 212 may be fixedly attached at and/or 1o a distal end of the
delivery shatt 210, In some embodiments, the piercing tip 212 may be detachable from the
delivery shaft 210 after deployment of the bone anchor 220 within the bone at the treatment
site. For example, the piercing tip 212 may be releasably connected to the delivery shaft
210 with a frangible connection, a threaded connection, a mechanical connection, etc. In
such embodiments, the piercing tip 212 may remain within the bone after deplovment of

the bone anchor 220 within the bone ai the treatment stie.
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In some embodiments, the system 200 may be configured for use with a sheet-like
implant 80, an example of which may be seen in FIG. 13. In some embodiments, the sheet-
fike implant 80 may be formed from collagen or other biocompatibie and/or bioabsorbable
material.  In some embodiments, the sheet-like implant 80 may include one or more
reinforcing elemenis. In some embodiments, the one or more reinforcing elements may be
embedded within the sheet-like 1mplant 80, Gther configurations are also contemplated.
In some embodiments, the anchor hook 240 may be configured to engage a loop 82
extending laterally from the sheet-hike wuplant 80, as seen m FIG 14 In some
embodiments, the sheet-like 1mplant 80 roay clude multiple loops extending laterally
therefrom.  In some embodiments, the loop 82 may be formed from the one or more
reinforcing elements. In some embodiments, the loop &2 may be integrally and/or
monolithically formed with the one or more reinforcing elements. In some embodiments,
the loop 82 may be formed separately from the sheet-like mmplant 80 and later attached
thereto and/or partially embedded therein. In some altemative embodiments, the anchor
hook 240 may be configured to engage an aperture formed in and/or through the sheet-hike
implant 80, Other configurations are also contemplated.

A method of securing the sheet-like imoplant 80 to bone and/or tissue at a treatment
site may include positioning the sheet-like implant 80 at the treatent site, as seen in FIG.
13. In some embodiments, the treaiment site mayv include and/or may be a shoulder 10
and/or a joint region of a patient. The shoulder 10 inchudes a head 14 of the humerus 16
mating with a glenoid fossa of the scapula. A tendon 24 {e.g., the supraspinatus tendon)
mayv become damaged due to overuse, traumatic injury, etc. In some embodiments, the
sheet-like 1mplant 80 may be used to repair and/or treat the tendon 24 (e.g., tissue) at the
{reatment site. As such, at least a portion of the sheet-like implant 80 may be positioned
over the tendon 24, In some embodirnents, it may be beneficial to secure the sheet-like
implant 80 to bone (e.g., the head 14 of the humerus 16) at the treatmoent site. Accordingly,
m some embodiments, a portion of the sheet-like implant 80 may be positioned adjacent to
and/or over the bone (e.g.. the head 14 of the humerus 16) at the treatment site,

The method mayv include delivering the bone anchor 220 to the ireatment site using
the delivery shaft 210, wherein the bone anchor 220 is disposed on the delivery shaft 210

during deliverv. The method may include driving the piercing tip 212 of the delivery shaft

26



WO 2024/112657 PCT/US2023/080517

10

20

25

210 into the bone at the treatment site, thereby inserting the bone anchor 220 mnto the bone
at the treatment site, wherein the bone anchor 2290 includes the suture loop 230 extending
proximally therefrom to the anchor hook 240. In some embodiments, the delivery shaft
210 may include a striking swrface disposed proximate a proximal end of the delivery shaft
210.

As discussed herein, the anchor hook 240 may extend through the longitudinal slot
216 of the delivery shaft 210 during delivery to the treatment site. As such, ortentation of
the anchor hook 240 with respect to the sheet-like implant 80, the loop 82 of the sheet-like
implant 80, and/or other aspects of the patient’s anatoray or other medical devices may be
easily accomplished visually. Other means of visualization and/or imaging may also be
used.

The method may mclude coupling the anchor hook 240 to the loop 82 of the sheet-
like implant 80, as seen i FIG. 14, In some embodiments, the method may mnclude
removing the delivery shaft 210 from the bone anchor 220 and/or the treatment site. The
longitudinal slot 216 may permit the anchor hook 240 1o remain i place and/or tfranslate
longitudinally along and/or within the longitudinal slot 216 when removing the delivery
shaft 210 from the bone anchor 220 and/or the treatment site. In some embodiments, a free
end 232 of the suture loop 230 may extend away from the bone anchor 220 and/or the
fightening element 250. In some embodiments, the suture loop 230 may ternunate at the
tightening element 250, (ther configurations are also contemplated.

In some embodiments, the method and/or removing the delivery shaft 210 from the
bone anchor 220 may include withdrawing the piercing tip 212 through the bone anchor
220 and/or the axial cavity 222 of the bone anchor 220, In some embodiments, the method
and/or removing the delivery shaft 210 from the bone anchor 220 may nclude detaching
the piercing tip 212 from the delivery shaft 210, 1o some embodiments, the piercing tip
212 mav be detached from the delivery shaft 210 prior to removing the delivery shaft 210
In some embodiments, the piercing tip 212 may be detached as the delivery shaft 210 is
removed. Other configurations are also contemplated.

In some embodimenis, the method may include applving fension to the loop 82 of
the sheet-like implant 80, In some embodiments, the method may include shortening the

suture loop 230 of the bone anchor 220 {0 apply tension to the loop 82 of the sheet-like
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implant 80, as seen in FIG. 15, In some embodiments, applying tension to the loop 82 of
the sheet-like implant %0 may nclude actuating the tightening element 250, In some
embodiments, shortening the suture loop 230 may include actuating the tightening element
250. In some embodiments, shortening the suture loop 230 may include pulling on the free
end 232 of the suture loop 230 to pull the suture loop 230 through the ughtening element
250, which may act as a tension-holding ¢lement. In some embodiments, the tightening
element 250 may include a ratcheting structure, a camming structure, or other means of
holdmg tension on the suture loop 230 between the tightening elernent 250 and the anchor
hook 240. In soroe erobodirnents, applying tension (o the loop 82 of the sheet-like implant
80 and/or shortening the suture loop 230 may include pulling at least a portion of the anchor
hook 240 into and/or within the bone anchor 220 and/or the axial cavity 222 of the bone
anchor 220.

In some embodiments, after applving fension to the loop &2 of the sheet-like
implant 80, after shortening the suture loop 230, and/or after actuating the tighiening
elerent 250, the method may include cutting and/or trimming the free end 232 of the sutwre
loop 230 adjacent the bone anchor 220. In some embodiments, after applying tension o
the loop 82 of the sheet-like tmplant 80, afier shortening the suture loop 230, and/or after
actuating the tightening element 250, the method may include detaching the free end 232
of the suture loop 230 from the tightening element 250,

In some embodiments, the method may include delivering a second bone anchor to
the {reatment site using a delivery shaft (e.g., the delivery shaft 210 or a second delivery
shafty, driving a piercing tip {e.g., the plercing tip 212 or a second piercing tip} of the
delivery shaft into the bone al the treatment site, thereby inserting the second bone anchor
into the bone, coupling an anchor hook of the second bone anchor to a second loop of the
sheet-iike implant, and shortening the suture loop of the second bone anchor to apply
tension to the second loop of the sheet-like implant.  As may be appreciated, the method
steps described herein may be repeated as necessary until a sufficient or desired number of
bone anchors have been delivered and inserted nto the bone and the sheet-iike implant has
been coupled to each bone anchor and tensioned as described herein to secure the sheet-

like implant.
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In some embodiments, the method may further include securing the sheet-like
implant 80 to the tissue {e.g., the tendon 24} at the treatment site (e.g., the shoulder 10}, as
seen in FIGS. 16 and 16A. In some embodimenis, one or more aitachment elements 90
mayv be used to secure the sheet-like implant 80 to the tissue (e g., the tendon 24} at the
treatment site. In some embodiments, the sheet-like implant 80 may be secured to tissue
{e.g., the tendon 24) at the treatment site using, and/or the one or more attachment elements
90 may be, sutures, Smpias, screws, of other known atlachment elemenis. In some
embodiments, the sheet-like implant 80 may be secured 1o the tissue {e.g., the tendon 24)
at the treatment site prior to shortening the suture loop 230 and applving tension to the loop
82 of the sheet-like implant 80,

FIG. 17 illustrates selected aspects of a tissue repair tmplant 300 and a portion of
an implant delivery device. In some embodiments, the tissue repair implant 300 mayv be
and/or may mclude a sheet-like implant 310, such as and/or including, but not limited to,
the sheet-like tmplant 80 (e.g, FIGS. 13-16). In some embodiments, the tissue repair
mmplant 300 and/or the sheet-like implant 310 may be formed from collagen or other
hiocompatible and/or bioabsorbable material.  To some embodurents, the tissue repair
implant 300 and/or the sheet-like iroplant 310 may include one or more reinforcing
filaments, one or more remforcing fibers, one or more reinforcing matrices, etc. In some
embodiments, the one or more reinforcing filaments, one or more reinforcing fibers, one
or more reinforcing matrices, etc. may be embedded within the tissue repatr implant 300
and/or the sheet-like implant 310, Other configurations are also contemplated. Additional
detaiis related to the tissue repair implant 300 and/or the shesi-like implant 310 are
described below.

As seen i FIG. 17, the implant delivery device may include a frame 46 releasably
attached to the tissue repair tmplant 300 and/or the sheet-like implant 310, The {rarve 46
may be disposed at and/or may be releasably attached to a shafl of the implant delivery
device. The implant delivery device and the frame 46 mayv be used to deploy and/or
position the tissue repair implant 300 and/or the sheet-like implant 310 at the treatment site
{e.g., the shoulder 10), as shown in FIG. 20. The frame 46 and the tissue repair implani
300 and/or the sheet-like implant 310 may have a proximal end 42 which, for purposes of

discussion herein, may be adjacent a connection (o a shaft of the iaplant delivery device
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and be configured to be positioned adjacent the head 14 of the humerus 16 at the treatment
site {e.g., the shoulder 10). Further, the frame 46 and the tissue repair implant 300 and/or
the sheet-like tmplant 310 may have a distal end 44 which, for purposes of discussion
herein, may extend away from the shaft and may be configired to be positionad adjacent
to the tendon 24 ai the treatment site {e.g., the shouider 10).

Retoming to FIG. 17, the frame 46 may include a body portion 56 and a head
poriion S8, The body portion 56 may include a plurality of attachment arms 64 extending
laterally therefrome. The body portion 36 may mclude one or more commector legs 60
extending laterally therefrom. The head portion 38 and/or the one or more conuector legs
60 may be configured to attach the frame 46 1o a portion of the implant delivery device
{e.g, the shaft, etc ).

In some embodiments, the frame 46 may include one or more attachment members
49 which may be utilized to releasably couple the frame 46 1o the tissue repatr implant 300
and/or the sheet-like implant 310, In some embodiments, the one or more attachment
members 49 may include coil attachment members. In some embodiments, the one or more
attachment members 49 mav ioclude four attachment members. However, 1t is
conlemplated that more {(or less) than four attachment members may be utilized to
releasably couple the frame 46 to the tissue repair imyplant 300 and/or the sheet-like implant
310. In some embodiments, a first portion of each of the one or more attachment members
49 mav be threaded through one or more attachment aperiures located on and/or formed in
the plurality of attachment arms 64 of the frame 46 while a second portion of each of the
one of more attachment members 49 may be disposed on a bottom side of the tissue repair
implant 300 and/or the sheet-like implant 310, whereby the tissue repair umplant 300 and/or
the sheet-like implant 310 15 sandwiched between the second portion of sach of the one or
more attachment members 49 and the frame 46,

In some embodiments, the tissue repair implant 300 and/or the sheet-hike implant
310 may be configured to bie attached to tissue and bone adjacent the tissue at the treatiment
site. In some embodiments, the tissue repatr implant 300 may include at least one bone
anchor 320 rotatably attached to and non-removable from the sheet-like tmplant 3106, In
some embodiments, the at least one bone anchor 320 may include only one bone anchor.

In some embodiments, the at least one bone anchor 320 may include two bone anchors (as
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shown in FIG. 17, for example), three bone anchors, four bone anchors, or another qguantity
as desired and/or appropriate for the intended treatment, freatment site, and/or size of the
sheet-like implant 310.

In at least some embodiments, the af feast one bone anchor 320 may be rotatable
relative to the sheet-like implant 310, In some embodiments, each bone anchor of the at
least one bone anchor 320 may include a body portion 322, a proximal head 324, and a
neck 326 connecting the proximal head 324 {0 the body portion 322, as seen in FIG. 18
The neck 326 may have a first radial extent, the proxamal head 324 may have a second
radial exient, and the body portion 322 ray have a third radial extent, wherein the first
radial extent is less than the second radial extent and the third radial extent. In some
embodiments, the neck 326 extends through the sheet-like mmplant 310 such that the
proximal head 324 is disposed proximal of and/or above the sheet-like implant 310 and the
body portion 322 is disposed distal of and/or below the sheet-like implant 310, As such,
the proximal head 324 and the body portion 322 may be disposed on oppostte sides of the
sheet-like implant 310

In some embodiments, the sheet-like wmplant 310 may include a remnforcing
element 330 embedded therein. In some embodiments, the sheet-like iroplant 310 may
mclude one reinforcing element configured to engage with and/or associated with the at
{east one bone anchor 320. In some embodiments, the sheet-like implant 310 may include
one reinforcing element configured to engage with and/or associated with each bone anchor
of the at least one bone anchor 320 {e.g., two reinforcing elements for two bone anchors,
etc.). For the purpose of discussion, the reinforcing element 330 is described in the
singular, but all described features, elements, etc. may be undersiood to apply to each
reinforcing element present in the tissue repair implant 300 and/or the sheet-hike umplant
310

In some embodiments, the reinforcing element 330 may be a washer. fn some
embodiments, the reinforcing element 330 may include an aperture 332 formed i and/or
extending through the reinforcing element 330, The at least one bone anchor 320 may
extend through the aperture 332 and/or the retnforcing element 330, In some embodiments,
the neck 326 of the at least one bone anchor 320 may be disposed within and/or may extend

through the aperture 332, In some embodiments, the remnforcing element 330 may be a

31



WO 2024/112657 PCT/US2023/080517

10

20

25

plate having a plurality of apertures, wherein one bone anchor extends through one aperture
of the plurality of apertures. In some embodiments, the at least one bone anchor 320 may
be rotatable within the aperture 332 and/or relative to the remforcing element 330, Inat
feast some embodiments, the at least one bone anchor 320 may be non-removable from
and/or inseparable from the reinforcing element 330.

In some embodiments, the body portion 322 of the at least one bone anchor 320
may inchide a helical thread 328 extending radially outward therefrom, as seen in FIG. 18,
The helical thread 328 may be configured to engage the bouoe at the treatroent stie. Tn at
least some embodiments, the helcal thread 328 may be configured to screw the at least one
bone anchor 320 mnto the bone via rotation of the at least one bone anchor 320 relative to
the sheet-like troplant 310 and/or the reinforcing element 330, In some embodiments, the
helical thread 328 and/or the body portion 322 may be configured o be self-tapping. In
some embodiments, the helical thread 32 and/or the body portion 322 may be configured
for insertion mto and/or to be driven into the bone without a pre~drilled pilot hole formed
in the bone. In some embodiments, the helical thread 328 and/or the body portion 322 may
be configured {or engagement with a pre-drilled pilot hole forroed in the bone. The helical
thread 328 may be configured to resist force(s) pulling the at least one bone anchor 320
and/or the body portion 322 out of the bone.

In some embodiments, the body portion 322 of the at least one bone anchor 320
may include a plurality of stepped ridges 329 extending radially outward therefrom, as seen
in FIG. 19, In some embodiments, the body portion 322 of the at least one bone anchor
320 may be devoid of any helical thread extending radially outward therefrom. The
plurality of stepped ridges 329 may be configured to engage the bone at the treatment site.
In af least some embodiments, the plurality of stepped ridges 329 may be generally parailel
{0 each other and/or may be onented generally perpendicular fo a central longitudinal axis
of the at feast one bone anchor 320 and/or the bady portion 322, In some embodiments,
the plurality of stepped ridges 329 and/or the body portion 322 may be configured for
msertion into and/or to be driven into the bone without a pre-~drilled pilot hole formed in
the bone. In some embodiments, the plurality of stepped ridges 329 and/or the body portion

322 may be configured for engagement with a pre-drilled pilot hole formed in the bone.
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The plurality of stepped ridges 329 may be configured to resist force(s) pulling the at least
one bone anchor 320 and/or the body portion 322 out of the bone,

In some embodiments, a method of securing the sheet-like tmplant 310 to bone
and/or tissue at the treatment site may inciude positioning the sheet-like implant 310 at the
treafment site, as shown in FIG. 20, In some embodiments, the at feast one bone anchor
320 may be rotatably attached to and non-removable from the sheet-like vmplant 310 prior
to posttioning the sheet-like umplant 310 at the treatment site. In some embodiments, the
at least one boue anchor 320 roay be rotatably attached to and non-rernovable from the
sheet-like truplant 310 prior to tutiating the procedure and/or treatroent (e.g., from the
manufacturer}.

The method may include driving the at least one bone anchor 320 mto the bone at
the treatment site. In some embodiments, driving the at least one bone anchor 320 into the
bone mayv include rotating the at least one bone anchor 320 relative o the sheet-hike implani
310 and/or the reinforcing element 330, In some embodiments, driving the at least one
bone anchor 320 into the bone may inchade rotating the at teast one bone anchor 320 within
the aperture 332 formed in and/or through the remforcing element 330,

In sorne erobodiments, the roethod may joclude secuning the sheet-like implant 310
1o the tissue (e g, the tendon 24) at the treatment site, as shown in FIGS. 21-21A. In some
embodiments, one or more attachment elements 90 may be used to secure the sheet-like
implant 310 to the tissue {e.g., the tendon 24} at the treatment site. In some embodiments,
the sheet-like implant 310 may be secured to tissue (¢.g., the tendon 24) at the treatment
stte using, and/or the one or more attachment elements 90 may be, sutures, staples, screws,
or other known attachment elements.

FIG. 22 s a partial cross-sectional view illusirating selected aspects of a bone screw
400, Insome embodiments, the bove screw 400 may include a body 410 mcluding ahelical
thread 420 extending radially outward therefrom.  In some aliemative embodiments, the
bodv 410 may include a plurality of stepped ridges that are substantially parallel to each
other. Other configurations are also contemplated.

In some embodiments, the body 41¢ may further include an aperture 430 extending
axially into the body 410 from a proximal end 412 and/or a proximally facing swrface of

the body 410. In some embodiments, the bone screw 400 may include a cap 440 imnchuiding
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an enlarged head 442 and a neck 444 extending away from the enlarged head 442 In some
embodiments, the neck 444 may extend distally away from the enlarged head 442, In some
embodiments, the neck 444 may extend substantially perpendicular o the enlarged head
442 and/or the enlarged head 442 may extend radially sutward from the neck 444, In some
embodiments, the enlarged head 442 may be substantialiy planar. In some embodiments,
the enlarged head 442 wmay include a substantially planar proximal surface and/or a
substantially planar distal surface,

The veck 444 roay be configured for insertion indo the aperture 430 to selechively
attach the cap 440 (o the body 410. In some embodimenis, the cap 440 and/or the neck 444
may include one or more projections 450 extending radially outward from the neck 444.
In some embodiments, the one or more projections 450 may extend radially cutward and
proximally from the neck 444, In some embodiments, the one or more projections 450
may be disposed at and/or may extend from a free end of the neck 444 and/or an end of the
neck 444 opposite the enlarged head 442, In some embodiments, the one or more
projections 450 may be disposed at and/or may extend from a distal end of the neck 444,

In some emboduments, the one or roore projections 450 may be configured 1o
detlect, fold, and/or bend radwally mward toward the neck 444 as the one or more
projections 450 1s inserted into the body 410 and/or as the one or more projections 450 is
passed through and/or into the aperture 430, In some embodiments, the body 410 may
include at least one distally facing swrface 432 extending transverse to a longitudinal axis
of the body 410 and radially outward from the aperture 430. Engagement of the one or
more projections 450 with the at least one distaily facing surface 432 may prevent the cap
440 from being moved away from the body 410, In some embodiments, the neck 444
and/or the one or more projections 450 1s configured to snap mio the aperture 430 and/or
the body 410, In some alternative embodiments, the neck 444 and/or the one or more
projections 430 1s configured to screw 1nto the aperture 430 and/or the body 410, Tn some
embodiments, after inserting the neck 444 into the aperture 430, the cap 440 may be
nonremovable from the body 410

In some embodiments, the neck 444 has a first radial extent or a first outer diameter,
and the enlarged head 442 has a second radial extent or a second outer diameter. The first

radial extent may be less than the second radial extent, and/or the first outer diameter may
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be less than the second outer diamster. In some embodiments. the first radial extent is at
feast 50% less than the second radial extent, and/or the first outer diameter 15 at least 50%
ess than the second outer diameter. In some embodiments, the first radial extent 1s at least
60% less than the second radial extent, and/or the first outer diameter 1s at least 60% less
than the second outer diameter. In some embodiments, the first radial extent 15 at feast 70%
{ess than the second radial extent, and/or the first outer diameter 15 af least 70% fess than
the second outer diameter. In some embodiments, the first radial extent is at feast 75% less
than the second radial extent, and/or the §rst outer diameler 15 at least 75% less than the
second ouler diameter. In some embodiments, the first radial extent 1s af least 80% less
than the second radial extent, and/or the first outer diameter 15 at least 80% less than the
second outer diameter. Other configurations are also contemplated.

FIGR. 23-24 illustrate selected aspects of a method of securing a sheet-like implant
4072 to bone and/or tissue at a treatment site {e.g., the shoulder 10}, In some embodiments,
the sheet-like implant 402 may include and/or may be the sheet-like implant 80 (e.g., FIGS.
13-16), the sheet-like tmplant 310 {e.g, FIGS. 17-21}, ete. In some embodiments, the
sheet-like wmplant 402 may be formed from collagen or other biccompatible and/or
hioabsorbable material. Insome embodiments, the sheet-like 1mplant 402 roay include one
or more reinforcing filaments, one or more reinforcing fibers, one or more reinforcing
matrices, etc. In some embodiments, the one or more reinforcing filaments, one or more
reinforcing fibers, one or more reinforcing matrices, etc. may be embedded within the
sheet-like implant 402, Other configurations are also contemplated.

In FIGS. 23-24, the tendon 24 includes a damaged portion localed near an insertion
point where the tendon 24 joins the head 14 of the humerus 16, The damaged portion may
include a tear 30 extending partially through the tendon 24, The tear 30 may be referred
to as a partial thickness tear. The partial thickness tear 15 shown on the bursal side of the
tendon 24, however, the fear may also be on the opposite or articular side of the tendon 24
and/or may include internal tears to the tendon 24 not visible on or from either surface or
side of the tendon 24

The method may mclude driving the body 410 of the bone screw 400 into the bone
{e.g., the head 14 of the humerus 16} at the treatment site {e.g, the shoulder 10). The

method may include positioning the sheet-hike implant 402 at the treatment site over the
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hodv 410 of the bone screw 400 and/or adjacent tissue (e.g., the tendon 24), as seen in FIG.
23. The method may include engaging the cap 440 of the bone screw 400 with the aperture
430 such that the sheet-like implant 402 is secured between the cap 440 (and/or the
enlarged head 442) and the body 410. In some embodiments, the bone screw 400 may be
configured to selectively secure the sheet-like implant 402 between the cap 440 {and/or the
enlarged head 442) and the body 410,

In some embodiments, the neck 444 may be configured for insertion through the
sheet-like implant 402, In soroe erobodiments, engaging the cap 440 with the aperture 430
may include urging the neck 444 through the sheet-hke wmplant 402, In some
embodiments, the neck 444 mav be configured fo pierce the sheet-like implant 402. In
some embodiments, the sheet-like implant 402 may include an opening formed therein,
wherain the opening is configured {o receive the neck 444 of the bone screw 400 therain
and/or thersthrough. In some embodiments, afier engaging the cap 440 with the aperture
430, the neck 444 may extend through the sheet-like implant 402, as seen in FIG. 24.

In some embodiments, the sheet-like implant 402 may inchude a reinforcing
element (e.g , the remforcing elerment 330 of the sheet-hike implant 310) embedded therem.
In some embodiments, after engaging the cap 440 with the aperture 430, the neck 444 roay
extend through the reinforcing element. In some embodiments, after engaging the cap 440
with the aperture 430, the one or more projections 450 may be engaged with the aperture
430 and/or the at least one distally facing surface 432 such that the cap 440 1s nonremovable
from the body 410,

In some embodiments, the method may include securing the sheet-like implant 402
{o the tissue (e.g., the tendon 24) at the treatment site, in a manner stmilar to that shown o
FIGS. 21-21A with respect to the sheet-like implant 310, In some embodiments, one or
maore attachment elements may be used to secure the sheet-like implant 402 to the tissue
{e.g., the tendon 24) at the treatment site. In some embodiments, the sheei-like implant
402 may be secured 1o tissue {e g., the tendon 24} at the treatment site using, and/or the one
or more attachment elements may be, sutures, staples, screws, or other known attachment
elements.

FIG. 25 is a partial cross-sectional view illustrating selected aspects of a bone screw

500, In some embodiments, the bone screw 500 may include a body 510 inclading a helical
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thread 520 extending radially outward therefrom.  In some alternative embodiments, the
hodv 510 may mclude a plurality of stepped ridges that are substantially parallel to each
other. Other configurations are also contemplated.

In some embodiments, the body 510 may further include a post 530 extending
axially away from the body 510 In some embodiments, the post 530 may extend
proximally away from the body 510 and/or may extend proximally away from a proximally
facing surface of the body 510, In some embodiments, the bone screw 300 may mclude a
cap 540 mncluding an endarged head 542 and an aperiure 544 formed in the enlarged head
542, The aperture 544 mav be configured to receive the post 530 therein. 1o some
embodiments, the post 530 may be oriented substantially perpendicular to the enlarged
head 542 when the post 530 is received within the aperture 544 (e.g., after attachment of
the cap 540 to the post 530} In some embodiments, the enlarged head 542 may be
substantially planar. In some embodiments, the enlarged head 542 may include a
substantially planar proxamal surface and/or a substantially planar distal swrface.

The post 530 may be configured for insertion into the aperture 544 to selectively
attach the cap 540 1o the post 530 and/or the body 510, To some embodirments, the post
530 way mclude one or more projections 550 extending radially outward from the post
530. In some embodiments, the one or more projections 550 may extend radially outward
and distally from the post 530, In some embodiments, the one or more projections 550
may be disposed at and/or may extend from a free end of the post 530 and/or an end of the
post 530 opposite the body 510, In some embodiments, the one or more projections 550
mayv be disposed at and/or may extend from a proximal end of the post 530.

In some embodiments, the one or more projections 550 may be configured to
deflect, fold, and/or bend radially inward toward the post S30 as the ong or more projections
550 1s nserted into the cap 540 and/or as the one or more projections 5350 15 passed through
and/ot into the aperture 344, In sore embodiments, the cap 340 may imclude at least one
proximally facing swrface extending transverse 1o a longitudinal axis of the body 510 and
radially outward from the aperture 544, Engagement of the one or more projections 550
with the at least one proximally facing surface mav prevent the cap 540 from being moved
away from the body 510, In some embodiments, the post 530 and/or the one or more

projections 550 is configured to snap into the aperture 544 and/or the cap 540, In some
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alternative embodiments, the post 530 and/or the one or more projections 550 s configured
o screw into the aperture 544 and/or the cap 540. In some embodiments, after mnserting
the post 530 into the aperture 544, the cap 540 may be nonremovable from the body $10.

In some embodiments, the post 530 has a first radial extent or a firsi outer diameter,
and the enlarged head 542 has a second radial extent or a second outer diameter. The first
radial extent may be less than the second radial extent, and/or the first outer diameter may
be less than the second outer diameter. In some embodiments, the first radial extent is at
least 509 less than the second radial extent, and/or the first outer diameter 1s at least 50%
less than the second outer diameter. In some embodiments, the first radial exient is at least
60% less than the second radial extent, and/or the first outer diameter is at least 60% less
than the second outer diameter. In some embodimenis, the first radial extent is at leasi 70%
{ess than the second radial extent, and/or the first outer diameter 18 at least 70% less than
the second outer diameter. In some embodiments, the first radial extent is at least 75% less
than the second radial extent, and/or the first outer diameter 1s at least 75% less than the
second outer diameter. In some embodiments, the first radial extent 15 at least 809 less
than the second radial extent, and/or the first outer diameter 18 at least 80% less than the
second outer diameter. Other configurations are also contemplated.

FIGS. 26-27 ilustrate selected aspects of a method of securing the sheet-like
implant 402 to bone and/or tissue at a treatment site {e.g , the shoulder 10}, The method
may inchide driving the body 510 of the bone screw 500 into the bone {e.g., the head 14 of
the humerus 16} ai the {reatment site (e.g., the shoulder 103 The methed may inchude
positioning the sheet-like implant 402 at the ireatment site over the body 510 and/or the
post 530 of the bone screw 500 and/or adjacent tissue {e.g., the tendon 24}, as seen in FIG.
26. The method may include engaging the cap 340 of the bone screw 300 with the post
530 such that the sheet-hike uuplant 402 is secured between the cap 540 {(and/or the
enlarged head 542) and the body 510, fn some embodiments, the bone screw 500 may be
configured 1o selectively secure the sheet-like implant 402 between the cap 540 (and/or the
enlarged head 542) and the body 510.

In some embodiments, the method may include urging the sheet-like implant 402
onto the post S30 such that the post 530 extends through the sheet-like implant 402, In

some embodiments, the post 530 may be configured for insertion through the sheet-hike
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implant 402, In some embodiments, the post 530 may be configured to pierce the sheet-
fike implant 402, In some embodiments, the sheet-like implant 402 may include an
opening formed therein, wherein the opening is configured to recetve the post 530 of the
bone screw 400 therein and/or therethrough. In some embodiments, after engaging the cap
540 with the aperture 544, the post 530 may extend through the sheet-like implant 402, as
seen in FIG. 27, In some embodiments, after engaging the cap 5S40 with the aperture 544,
the post 530 may extend through the cap 540.

In some embodiments, the sheet-hike mplant 402 may wnclude a reinforcing
element (e.g., the reinforcing element 330 of the sheet-like implant 310) embedded therein.
In some embodiments, after engaging the cap 540 with the post 530, the post 530 may
extend through the remnforcing element. In some embodiments, after engaging the cap 540
with the post 330, the one or more projections S50 may be engaged with the aperture 544
and/or the at least one proxamally facing surface such that the cap 540 is nonremovable
from the body 510 and/or the post 530,

In some embodiments, the method mayv inchide securing the sheet-hike implant 402
to the tissue {e.g., the tendon 24} at the treaiment sife, in a manner similar to that shown in
FIGS. 21-21A with respect to the sheet-hike implant 310, In some embodiments, oue or
more attachment elemenis may be used to secure the sheet-like implant 402 to the tissue
{e.g.. the tendon 24} at the treatment site. In some embodiments, the sheet-like implant
402 may be secured to lissue {e.g., the tendon 24) at the {reatment site using, and/or the one
or more attachment elements may be, sutures, staples, screws, or other known attachment
elements.

FIG. 28 Hustrates selected aspects of a sysiem 600 for deploying a bone anchor
610 at a treatment site.  The sysiem 600 may include a delivery device 620, In some
embodiments, the delivery device 620 may nclude a delivery shafi 622, In some
embodiments, the delivery device 620 may mclude an outer sheath 624, wherein the
delivery shaft 622 may be shidably and/or rotatably disposed withun the outer sheath 624,
In some embodiments, the delivery shaft 622 may include a piercing tip 630 configured to
penetrate bone. In at least some embodiments, the piercing 1ip 630 may be fixedly attached

to and/or at a distal end of the delivery shaft 622.
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The system 600 may include the bone anchor 610 disposed on the delivery shaft
622 proximal of the piercing tip 630. In af least some embodiments, the delivery shaft 622
may extend through the bone anchor 610. In some embodiments, the bone anchor 610 may
include an annuvlar wall 612, In some embodiments, the annular wall 612 may include a
plurality of grooves 614 formed therein. The plurality of grooves 614 mayv face and/or
open radially mmward from the annudar wall 612 and/or toward a central longitudinal axis
of the bone anchor 610, In some embodiments, the plurality of grooves 614 may extend
axially along alength of the bone anchor 610 from a proximal end of the bone anchor 610
{0 a distal end of the bone anchor 61G. In some alternative embodiments, the plurahity of
grooves 614 may extend helically along the length of the bone anchor 610 from the
proximal end of the bone anchor 610 to the distal end of the bone anchor 610. (Other
configurations, including combinations thereof, are also contemplated In some
embodiments, the plurality of grooves 614 may include two grooves, three grooves, four
arooves, five grooves, six grooves, or another suitable mimber of grooves.

The plercing tp 630 mway inchude a plurality of branches 632 extending radially
outward fror a central spine 634, In some embodiments, the plurality of branches 632
may nclude two branches, three branches, four branches, five branches, six braoches, or
another suitable mumber of branches. In some embodimentis, each groove of the plurality
of grooves 614 may correspond to one branch of the plurality of branches 632 In at least
some embodiments, the piercing tip 630 may inchide the same number of branches as the
bone anchor 610 includes grooves. In some embodiments, the number of grooves and
branches may differ.

In some embodiments, as the piercing tip 630 penetrates bone at the treatent site,
the plurality of branches 632 may be circumferentially offset {rom the plorality of grooves
614 such that a radially outermost portion of the plurality of branches 632 radially overlaps
at least a portion of the annular wall 612, In some embodiments, the plurality of branches
632 may be circumferentially offset from, and/or may be rotated about the central
tongitudinal axis of the bone anchor 610 relative to, the plurality of grooves 614 by about
45 degrees. In some embodiments, other circumferential offsets are also contemplated
which may correspond to the mumber of grooves and/or branches present in the system 60¢.

In the illustrated exarsple, four branches and fowr grooves are shown. In some
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embodiments, the circumferential offset may be greater than 45 degrees {e.g., 60 degrees,
75 degrees. 90 degrees, 120 degrees, 180 degrees, etc.). In some embodiments, the
circumferential offset may be less than 45 degrees (e.g., 30 degrees, 15 degrees, etc. ).

The delivery shaft 622 may be configured io rotate relative 1o the bone anchor 610
to align the plurality of branches 632 with the plurality of grooves 614 for removal of the
delivery shaft 622 and/or the piercing tip 630 from the bone anchor 610 and/or the
treatment site. In some embodiments, the delivery shaft 622 may be configured 1o rotate
relative to the bone anchor 610 1o align the radially outermost portion of the plurality of
branches 632 with the plurality of grooves 614 for removal of the delivery shaft 622 and/or
the piercing tip 630 trom the bone anchor 610 and/or the treatment site. In at least some
embodiments, the piercing tip 630 may be configured to pass through an miterior of the
bone anchor 610 after deployment of the bone anchor 610 within the bone at the treatment
site.

FIGS. 29-30 illustrates selected aspects of a method of deployving the bone anchor
610 at a treatment site (e.g., the shoulder 10). The method may include delivering the bone
anchor 610 to the treatment site using the dehivery shaft 622, The method may include
driving the prercing tip 630 of the delivery shaft 622 into the bone {e. g, the head 14 of the
humerus 16) at the treatment site, thereby inserting the bone anchor 610 into the bone at
the treatment site. The method may include rotatng the delivery shaft 622 relative to the
bone anchor 610 to align the phurality of branches 632 of the piercing tip 630 with the
plurality of grooves 614 extending axially along the length of the bone anchor 610, The
method may thereafier include withdrawing the piercing tip 630 through the bone anchor
610,

The svstem 600 and/or the bone anchor 610 may be used in conjunction with other
{treatments and/or medical procedures such as those described herein, as well as others. For
example, the bone anchor 610 may be used to secure a sheet-like implant to bone at the
freatroent site.

FIG. 31 A illustrates selected aspects of a system 700 for securing a sheet-like
implant {e.g . the sheet-like implant 402, the sheet-like implant 310, etc.). For the purpose
of explanation only, the following description references the sheet-like implant 402.

However, it shall be understood that other sheet-like tmplants may also be used with the
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svstem 700. FIG 318 illustrates selected aspects of the system 700 of FIG. 31 A rotated
about 90 degrees around a central longitudinal axis of the system 700,

The system 700 may include an anchor delivery device 710 mcluding a handle 720,
an elongate shaft 730 extending distally from the handle 720 to a piercing tip 740, and a
striking surface 750 proximate a proximal end of the handle 720, In some embodiments,
the striking surface 750 may be a proximal surface of the handle 720, In some
embodiments, the handle 720 may be fixedly attached to the elongaie shaft 730, In some
embodirments, the elongate shaft 730 may be fixedly attached to the striking surface 750
and/ot may include the striking surface 750, Other configurations are also contemplated.

The system 700 may include a suture anchor 760 disposed on the elongate shaft
730, In some embodiments, the elongate shaft 730 may exiend into and/or through an
interior of the sufure anchor 760. The piercing tip 740 may be configured {0 pierce bone
{e.g., the head of the humerus} at the treatment site. In some embodiments, the piercing
fip 740 may have a tap-in design configured to be urged, pushed, and/or {apped into the
bone without a pilot hole preformed in the bone. Tn some embodiments, a pilot hole
pretormed in the bone may reduce fusertion forces and/or make i easier to wsert the
piercing tip 740 and/or the suture anchor 760 into the bone. In some embodiments, the
plercing tip 740 mayv be detachable from the elongate shaft 730 in vive. In some
embodiments, the piercing tip 740 may be formed from a metallic material. In some
embodiments, the sutwwe anchor 760 mayv be formed from a polyvmeric material or a
composite material.  In some aliemative embodiments, the suiure anchor 760 may be
formed from a metallic material.

In some embodiments, the suture anchor 760 may include a plurality of stepped
ridges 762 formed on an outer surface of the sulure anchor 760, The plurality of stepped
ridges 762 may be configured to engage the bone at the treatmuent site. The plurality of
stepped nidges 762 may be configured to resist force(s) pulling the suture anchor 760 out
of the bone. In some alternative configurations, the suture anchor 760 may include ahelical
thread extending radially outward therefrom. 'The helical thread may be configured to
engage the bone at the treatment site. In at least some embodiments, the helical thread may
be configured to screw and/or advance the suture anchor 760 into the bone via rotation of

the suture anchor 760 relative to the bone. In some embodiments, the helical thread may
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he configured to be self-tapping. In some embodiments, the helical thread and/or the suture
anchor 760 may be configured for msertion indo and/or to be driven into the bone withowt
a pre-drilied pilot hole formed in the bone. In some embodiments, the helical thread and/or
the suture anchor 760 may be configured for engagement with a pilot hole preformed in
the bone. The helical thread may be configured {o resist force(s} pulling the suture anchor
760 out of the bone.

The system 700 may imclude at least one suture 770 extending from the prercing tip
740 toward the handle 720. In some embodiments, each suture end of the at least one
suture 770 may include a needle 780 secured thereto. The needle 780 may be configured
to pass through the fissue {e.g., a tendon) at the treatment site.  In at least some
embodiments, the piercing tip 740 may include an aperture 742 extending transversely
therethrough and/or oriented transversely relative to the central longitudinal axis. The
aperture 742 may be configured fo receive at least a poriion of the at least one suture 770
therein and/or therethrough

In some embodiments, the handle 720 may imclude suture posts 722 extending
laterally froro the handle 720, The at least one suture 770 roay be wrapped around the
suture posts 722 during delivery of the suture anchor 760 {o the treatment site. In some
embodiments, the handle 720 may include a needle retention structure configured to secure
and/or store the needle 780 withun and/or against the handle 720 during delivery of the
suture anchor 760 to the freatment site.

In some embodiments, the system 700 may include a maliet or another striking
device configured to engage the striking surface 750 and/or to apply a striking force o the
striking surface 750 to drive the piercing tip 740 and/or the suture anchor 760 mto the bone
at the treatment site. In some embodiments, the systers 700 may include 3 suture passer
configured to pass the at least one suture 770 through the fissue at the treatment site.

FIGS. 32-35 idlustrates selected aspects of a method of securing the sheet-like
unplant 402 to bone (e.g , the head 14 of the humerus 16} and tissue {e.¢., the tendon 24)
at the treatment site {e. g., the shoulder 10). The method may mclude positioning the suture
anchor 760 adjacent the bone at the treatment site using the anchor delivery device 710.

The suture anchor 760 mayv be releasably secured 1o the elongate shaft 730, The method
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may include driving the piercing tip 740 and the sutiwe anchor 760 into the bone at the
freatment site by applying a striking force to the striking surface 750, as shown in FIG. 32,

In some embodiments, the method may include detaching the elongate shaft 730
from the piercing tip 740 in vivo. The method may include removing the elongate shaft
730 from the sutwwe anchor 760 and/or the ireatment site while leaving the piercing tip 740
and the suture anchor 760 within the boneg, as seen in FIG. 33

In some embodiments, al least one suture 770 and/or the needlefs) 780 may be
detached and/or released from the handle 720 (vot shown} of the anchor delivery device
710, In some ernbodivoents, at least one suture 770 and/or the needle(sy 780 may be
detached and/or released from the handle 720 {not shown} of the anchor delivery device
710 before removing the elongate shaft 730 from the suture anchor 760 and/or the treatment
site. In some embodiments, af least one suture 770 and/or the needie(s) 780 may be
detached and/or released from the handle 720 {not shown) of the anchor delivery device
710 as the elongate shaft 730 is removed from the suture anchor 760 and/or the treatment
site. As seen in FIG 33, the at least one suture 770 and/or the needlefs) 780 may extend
away from the suture anchor 760,

The method may include positioning the sheet-like tmplant 402 at least partially
overiaying the suture anchor 760 at the treatment site. The method may include positioning
the sheet-like implant 402 at least partially overiaying the tissue {(e.g., the tendon 24) at the
treatment site, as shown in FIG. 34, The method may include securing the sheet-like
implant 402 to the bone (e.g., the head 14 of the humerus 16} at the treatment site using the
at least one suture 770 extending from the suture anchor 760, as sean in FiG. 35, In at least
some embodiments, the method may further imclude passing the needie 780 and/or the at
feast one suture 770 through the tissue {e.g., the {endon 24) at the treatment site afler the
suture anchor 760 1s driven into the bone at the {reatment site. In some embodiments, the
method may include passing the needle 780 and/or the at least one suture 770 through the
tissue {e.g.. the tendon 24) at the treatment sife using a suture passer after the suture anchor
760 15 driven info the bone at the treatment site.

In some embodiments, the at least one suture 770 may be tied off, knotied, adhered

1o the sheet-like implant 402 and/or the tissue, or otherwise secured in position at the
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treatment site. The neadle 780 mav be detached (e.g., cut off, etc.) from the at least one
suture 770 and removed from the treatment site.

The materials that can be used for the various components of the medical devices,
svstems, and various elements thereof disclosed heretn may include those commoniy
associaied with medical devices. For simplicity purposes, the following discussion refers
{o the sysiem. However, this is not infended to limit the devices and methods described
herein, as the discussion may be apphed to other elements, members, components, or
devices disclosed herein, such as, but not limated 1o, the bone anchor, the elongate shaly,
the delivery shaft, the suture loop, the anchor hook, the reinforcing element, the bone
screw, the piercing tip, the suture anchor, etc., and/or elements or components thereof.

In some embodiments, the system and/or components thereof, may be made from
a metal, metal alloy, polymer {some examples of which are disclosed below), a metal-
polymer composite, ceramics, combinations thereof, and the like, or other suitable material.

Some examples of suitable polymers may include polvtetrafluoroethvleng (PFTFE),
ethylene tetraflluoroethylene (ETFE)}, fuornated ethvlene propvlens (FEP),
polvoxymethvlene (POM, for example, DELRIN®), polvether block ester, polvurethane,
polypropylene (PP}, polyvvinylchlornide (PV(Q), polyether-esier (for example, ARNITEL®),
ether or ester based copolymers (for example, bulylene/poly{alkyiene ether} phthalate
and/or other polvester elastomers such as HYTREL®), polvamide {for example,
DURETHAN® or CRISTAMID®), elastomeric polvamides, block polyamide/ethers,
polyether block amide (PEBA, for example available under the trade name PEBAX®),
ethviene vinyl acetate copolymers (EV A}, silicones, polyethylene (PE}, MARLEX® high-
density  pobvethviens, MARLEX® low-density polvethylene, linear low density
polyethylene (for example REXELL®)}, polyester, polybutvlene terephthalate (PBT),
polyethylene terephthalate (PET), polvinmethylene terephthalate, polyethylene
naphthalate (PEN), polyetheretherketone (PEEK), polvimide (P}, polvetherimide (PEI},
polyphenviene sulfide (PPS), polyphenviene oxide (PPO), poly paraphenviene
terephthalanude (for example, KEVLAR®), polvsuifone, nvion, nylon-12 (such as
GRILAMID®)}, perfluoro(propvl vinyl ethery (PFA), ethylene vinyl alcohol, polvolefin,
polystyrens, epoxy, polvvinylidene chlonide {(PVd(), polv{styrene-5-isobutyiene-H-

stvrene} (for example, SIBS and/or SIBS 30A), polvearbonates, polyurethane silicone
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copolymers {for example, Elast-Eon® or ChronoSil®). biocompatible polymers, other
suitable matenials, or mixtures, combinations, copolymers thereof, polvmer/metal
composites, and the like. In some embodiments, the system and/or components thereof
can be blended with a liquid crystal polymer (LUP). For example, the mixture can contain
up to about 6 percent LCP.

Some examples of suitable metals and metal allovs include stainless steel, such as
304V, 304L, and 3161V stainless steel; mild steel; nickel-titanivm alloy such as hnear-
elastic and/or super-elastic witinol; other nickel allovs such as nickel-chromiurn-
maolybderum allovs {e.g., UNS: NO6G2ZS5 such as INCONEL® 623, UNS: N0OGO22 such as
HASTELLOY® (-22®, UNS: NI0276 such as HASTELLOY® (276®, other
HASTELLOY® alloys, and the like), nickel-copper alloys {e.g, UNS: N04400 such as
MONEL® 400, NICKELVAC® 400, NICORROS® 400, and the like), nickel-cobalt-
chromiwm-molybdenum alloys {e.g., UNS: R30035 such as MP33-N® and the like),
nickel-molybdenum allovs (e.g., UNS: NI066S5 such as HASTELLOY® ALLOY B2®),
other nickel-chromium alloys, other nickel-molvbdenum alloys, other mickel-cobalt alloys,
other mckel-iron aliovs, other ruckel-copper alloys, other mckel~tungsten or tungsten
allovs, and the hike; cobalt-chroruur alloys; cobali-chromuum-moolvbdenum alloys {e.g.,
UNS: R30003 such as FLGILOY®, PHYNOX®, and the like); platinum enriched stainless
steel; fitanium; platinum; palladium; gold; combinations thereof, or any other suitable
material.

In some embodiments, portions or ali of the system and/or components thereof may
be doped with, made of, or otherwise include a radiopaque material. Radiopaque materials
are understood to be materials capable of producing a relatively bright image on a
fluoroscopy screen or another imaging techmgue (e g, vltrasound, elc.} during a medical
procedure.  This relatively bright image aids a wser i determining the location of the
svstem. Some examples of radiopagque materials can include, butf are not Emited 1o, gold,
platinum, paliadium, tantalum, fungsten alioy, polvmer material loaded with a radiopaque
filler, and the like. Additionally, other radiopague marker bands and/or cotls may also be
incorporated into the design of the system to achieve the same result.

In some embodimenis, a degree of Magnetic Resonance Imaging (MRI}

compatibility s imparted mto the svstem. For exaraple, the system and/or components or
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portions thereof may be made of a material that does not substantially distort the image and
create substantial artifacts {e g., gaps in the image). Certain ferromagnetic materials, for
example, may not be suitable because they mav creale artifacts in an MRI image. The
svstem of portions thereof may also be made from a material that the MRI machine can
image. Some maierials that exhibit these characteristics include, for example, tungsten,
cobalt-chromiome-molybdenum  allovs (eg, UNS: R44003 such as ELGILOY®,
PHYNOX®, and the like), nickel-cobalt~-chromium-molybdenum alloys {e.g., UNS:
R44035 such as MP33-N® and the like), nitinol, and the like, and others,

In some embodiments, the svstern and/or other elements disclosed herein may
melude and/or be treated with a suitable therapeutic agent. Some examples of suitable
therapeutic agents may mnclude anti-thrombogenic agents (such as heparin, heparin
derivatives, urckinase, and PPack {dextrophenvialanine proline arginine chioromethyl
ketone}), anti-protein and/or anti-bacterial agenis {such as Z-methacryroyioxyethyl
phosphorvicholine (MPC) and its polymers or copolymers); anti-proliferative agents {such
4s enoxaparin, angiopeptin, monoclonal antibodies capable of blocking smooth musele cell
proliferation, hirudin, and acetyvisalicvlic acid), anti-inflaromatory agents (such as
dexamethasone, predoisolone, corticosterone, hudesonide, sstrogen, sulfasalazine, and
mesalamineg); antineoplastic/antiproliferative/anti-mitotic agents (such as paclitaxel, 5-
fluorouracil, cisplatin, vinblastine, vincristine, epothilones, endostatin, angiostatin and
thymidine kinase inhibitors), anesthetic agents {such as lidocaine, bupivacaine, and
ropivacame), anti-coagulants (such as D-Phe-Pro-Arg chloromethy! ketone, an RGD
peptide~-containing compound, heparin, anti-thrombin compounds, platelet receptor
anfagonists, anti-thrombin  antibodies, anti-platelel  receptor  antibodies, aspirin,
prostaglandin inhibitors, platelet inhibtiors, and tick antiplatelet peptides), vascular cell
growth promoters (such as growth {actor inhibitors, growth factor recepior antagonists,
transcriptional activators, and translational promoters); vascular cell growth inhibitors
(such as growth factor inhibitors, growth facior recepior antagonists, transcriptional
repressors, transiational repressors, replication inhibitors, inhibitory antibodies, antibodies
directed against growth factors, bifunctional molecules consisting of a growth factor and a
cviotoxin, biftmctional molecules consisting of an antibody and a cvtotoxin);

mmmosuppressants {(such as the “ohmus™ family of drugs, rapamyein analogues,
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macrolide amiibiotics, biolimus, everplimus, zotarolimus, temsirolimus, picrolimus,
novolimus, myvolimus, tacrolimus, sirolimus, pimecrolimus, etc.); cholesterol-lowering
agenis; vasodilating agents; and agents which interfere with endogenous vasoactive
mechanisms,

5 It shouid be understood that this disclosure is, in many respects, only illustrative,
Changes may be made in details, particularly in matters of shape, size, and arrangement of
steps without exceeding the scope of the disclosure. This may include, to the extent that i
1s appropriate, the use of any of the features of one example embodiment being used n
other embodiments. The disclosure’s scope s, of course, defined in the language in which

i the appended claims are expressed.
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WHAT IS CLAIMED i5:

1. A bone screw, comprising:
a body including a helical thread extending radially outward therefrom, the body further
mncluding an aperture extending axially into the body from a proximal end of the body: and
a cap inchuding an enlarged head and a neck extending away from the enlarged head,
wherein the neck 15 configured for insertion into the aperture to selectively attach the

cap o the body.

2. The bone screw of claim 1, wherein the bone screw 1s configured to selectively secure

a sheet-like implant between the cap and the body.

3. The bone screw of claim 2, wherein the neck is configured for insertion through the

sheet-hike implant.

4. The bone screw of claim 1, wherein the neck has a first radial extent, and the enlarged
head has a second radial extent, the {irst radial extent being less than the second radial extent,

preferably the first radial extent 15 at least 50% less than the second radial extent.

5. The bone screw of claim 1, wherein the neck is configured 1o snap or screw mnto the
aperture.
6. A bone screw, comprising:

a body including a helical thread extending radially outward therefrom, the body further
meluding a post extending proximally from the body; and

a cap including an enlarged head having an aperture formed therein, wherein the cap is
configured to selectively attach to the post.
7. The bone screw of claim 6, wherein the bone screw is configured to selectively secure

a sheet-like implant between the cap and the body.
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8. The bone screw of claim 7, wherein the post 15 configured for insertion through the

sheet-like implant.

9. The bone screw of claim 6, wherein the post has a first radial extent and the enlarged
head has a second radial extent, the first radial extent being less than the second radial extent,

preferably the first radial extent is at least 50% less than the second radial extent.

10, The bone screw of claim 6, wherein the post 1s configured to soap or screw into the

aperture.

11 A method of securing a sheet-like implant to bone and/or tissue at a ireatment site,
comprising:

driving a body of a bone screw into the bone at the treatment site, wherein the body
mclodes an aperture extendimg axaally into the body from a proximal end of the body:

positioning the sheet-like implant at the treatment site over the body of the bone screw;
and

engaging a cap of the boune screw with the aperture such that the sheet-hike implant 15

secured between the cap and the body.

12, A method of securing a sheet-like implant to bone and/or tissue at a treatment site,
COMprising:

driving a body of a bone screw into the bone at the treatment site, wherein the body
mchudes a post extending proximally from the body:

positioning the sheet-like implant at the treatment sile over the post of the bone screw;
and

engaging a cap of the bone screw with the post such that the sheet-like wmplant s

secured hetween the cap and the body.

13. A method of securing a sheet-like tmplant to bone and tissue at a treatment site,

comprising:
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positioning a suture anchor adjacent the bone at the ireatment site using an anchor
delivery device, the anchor delivery device comprising
a handle;
an elongate shaft extending distally from the handle to a piercing tip; and
a striking surface proximate a proximal end of the handle;
wherein the suiure anchor s releasably secured to the elongate shaft;
driving the piercing tip and the suture anchor into the bone at the treatment site by
applving a striking force to the striking surface;
positioning the sheet-like implant at least partially overlaving the suture anchor at the
treatment site; and
securing the sheet-like implant to the bone at the treatment site using at least one suture

extending from the suture anchor,

14. A tissue repair implant, compnsing;

a sheet-like tmplant configured to be attached {0 tissue and a bone adjacent the tissue;

and

at least one bone anchor rotatably attached to and non-removable from the sheet-hike
implant.
15, A method of securing a sheet-like implant to bone and/or tissue at a treatment site,
COMprising:

positioning the sheet-like implant at the treatment site, the sheet-like implant including
at least one bone anchor rotatably attached to and non-removable from the sheet-like implant;
driving the at least one bone anchor into the bone at the treatment site; and

securing the sheet-like implant to the fissue at the ireatment site.

16, A system for deploving a bone anchor in bone, comprising;

an elongate shaft including an inner member and a distal tip fixed at a distal end thereof,
the distal tip being configured for insertion into the bone; and

an anmdar bone anchor swrrounding the mner member proximal of the distal tip in a

delivery configuration;
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wherein the annular bone anchor is self-iased toward a deploved configuration when

wunconstrained.

17. A svstem for securing a sheet-like tmplant to bone and/or tissue at a treatment site,
COMprising:

a sheet-like tmplant;

a bone anchor including a suture extending proximally therefrom to an anchor hook,
the anchor hook configured to engage the sheet-hike tmoplant;

wherein the bone anchor includes a tightening element disposed within the bone

anchor, the tightening element being configured to shorten the suture loop.

18. The system of claim 17, wherein the anchor hook is configured 1o engage a loop

extending faterally from the sheet-like implant.

19. The systern of claim 17, wherein the suiure loop is configured to pull at least a portion

of the anchor hook withun the bone anchor.

20. A method of securing a sheet-like implant to bone and/or tissue at a treatment site,
corprising:

positioning the sheet-like implant at the treatment site, the sheet-like implant including
a loop extending laterally therefrom;

delivering a bone anchor to the {reatment site using a delivery shafi, wherein the bong
anchor s disposed on the delivery shaft;

driving a piercing tip of the delivery shaft into the boune at the treatment site, thereby
mserting the hone anchor 1nto the bone at the treatment stte, wherein the bone anchor includes
a suture loop extending proximally therefrom to an anchor hook;

coupling the anchor hook to the loop of the sheet-like tmplant; and

shortening the suture loop of the bone anchor to apply tension 1o the loop of the sheet-

hike implant.
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