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TISSUE ANCHOR

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application Serial No.

63/392,355 filed on July 26, 2022, the disclosure of which is incorporated herein by reference.

TECHNICAL FIELD
The present disclosure pertaing generally, but not by way of limitation, to orthopedic
implants and methods of treatiment. More particularly, the present disclosure relates 1o methods
and apparatus for delivery and Gxation of sheet-like matenials, such as for treating a full or
partial thickness tear of a tendon, such as the supraspinatus tendon of the shoulder or other

anatomical joint.

BACKGROUND
With its complexity, range of motion and extensive use, a common soft fissug injury is
damage to the rotator coff or rotator cufl tendons. Damage to the rotator cuff 15 a potentially
serious medical condition that may ocour during hyperexiension, from an acute traumatic tear or
from overuse of the joint. Current procedures for treatment of a torn tendon include affixing a
biocompatible truplant over the torn tendon. There is an ongoing need to deliver and adequately
secure medical implants during an arthroscopic procedure 1n order o treat injuries to the rotator

cuff, rotator cuff tendons, or other soft tissue or tendon injuries throughowt a body.

BRIFF SUMMARY
This disclosure provides design, material, manufacturing method, and use alternatives for
medical devices. An example tissue anchor may include an anchor body having a proximal end
and a distal end, wherein the distal end inchudes a distal tip, a tab positioned near the proximal
end of the anchor body, wherein the {ab 18 movable from a first position to a second position, and
a first barb positioned near the distal end of the anchor body, wherein the first barb 1s movable

from a first position {0 a second position. The first barb is biased toward the second position,
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such that when an applied force is removed from the first barb, the first barb automatically
reverts to the second position.

Alternatively or additionally to any of the embodiments above, the first barb may be in
alignment with the anchor body when in the first position.

Alternatively or additionally to any of the embodiments above, the first barb may deflect
away from the anchor body when n the second position.

Alternatively or additionally 1o any of the embodiments above, the tab may be in
alignment with the anchor bodv when n the first position.

Alternatively or additionally to any of the embodiments above, the tab may deflect away
from the anchor body when in the second posttion.

Alternatively or additionally to any of the embodiments above, the tab may be biased
toward the second position, such thai when an applied force is removed from the tab, the tab
automatically reverts to the second position.

Alternatively or additionally to any of the embodiments above, when the tab is in the
second position and the first barb 15 1n the second position, the tab may deflect away from the
anchor body m a first direction and the first barb may deflect away from the anchor body ina
second divection different from the first divection

Alternatively or additionally to anv of the embodiments above, a second barb may be
posttioned near the distal end of the anchor body, wherein the second barb mcludes a first
position in which the second barb is in alignment with the anchor body, and a second position in
which the second barb deflects away from the anchor body.

Alternatively or additionally to any of the embodiments above, the second barb may be
biased foward the second position, such that when an apphied force 13 removed from the second
barb, the second barb automatically reverts to the second position.

Alternatively or additionally to any of the embodiments above, the {irst and second barbs
may be located on opposite sides of the anchor body.

Alternatively or additionally to any of the embodiments above, the tissue anchor may be
a monolithic structure and the tab inchudes a first base end and a second free end, the first base
end being joined to the anchor body, and the first barb includes a first base end and a second free

end, the first base end being joined {o the anchor body.
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Alternatively or additionally to anv of the embodiments above, the first barb may be cut
out from the anchor body such that the anchor body includes an opening, wherein the first barb is
located within a pertmeter of the opening in the first position and the first barb extends cutward
from an opening in the second position.

An example tissue anchor delivery sysiem may include an elongate shaft having a
longitudinal axis, the elongate shaft having a lumen extending therein to a distal end of the
elongate shafl, and a tissue anchor magazine coupled {0 the elongate shaft. The delivery system
may include a plurality of tissue anchors each including a front side and a back side, the plurality
of tissue anchors arranged sequentially within the fissue anchor magazine 1 a first, pre-deploved
configuration, and an actuation assembly configured to deploy a leading one of the plurality of
tissue anchors i a distal direction from the distal end of the elongate shaft, wherein upon
deployvment, the leading one of the plurality of tissue anchors transitions from the first, pre-
deploved configuration 1o a second, deployed configuration.

Alternatively or additionally to any of the embodiments above, the plurality of tissue
anchors may be arranged front-to-back within the tissue anchor magarine such that the back side
of the leading one of the plurality of tissue anchors 15 facing the front side of an adjacent one of
the pluraluy of tissue anchors.

Alternatively or additionally to any of the embodiments above, the front side of the
adjacent one of the plurality of tissue anchors may face the longitudinal axis and moves toward
the longitudinal axis after deployment of the leading one of the plurality of tissue anchors.

Alternatively or additionally 1o any of the embodiments above, the actuation assembly
may include a pusher positioned within the hwmen of the elongate shaft and a trigger, whergin
actuation of the trigger actuates the pusher to move along a longitudinal axis to engage the
proximal end of the leading one of the plurality of tissue anchors to deploy the leading one of the
plurality of tissue anchors.

Alternatively or additionally to any of the embodiments above, upon deplovment of the
feading one of the plurality of tissue anchors, the plurality of tissue anchors remaining in the
tissue anchor magarine may shift toward the longitudinal axis of the pusher such that another
one of the plurality of tissue anchors moves within the lumen of the elongate shaft.

Alternatively or additionally to any of the embodiments above, each of the plurality of

tissue anchors may include an anchor body having a proximal end and a distal end, wheremn the
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distal end mcludes a distal tip, a tab positioned near the proximal end of the anchor body, and a
first barb positioned near the distal end of the anchor body, wherein the tab and the first barb
move relative {o the anchor body when fransitioning from the first, pre-depioyved configuration (o
the second, deploved configuration.

Another example fissue anchor may inciude an anchor body, a first arm having a
proximal end and a distal end, a second arm having a proximal end and a distal end, and a third
arm having a proximal end and a distal end, wherein the proximal ends of the first, second, and
third arms are coupled to the anchor body and the frst, second, and third arms extend distally
from the anchor body. The tissue anchor may further include a first prong connected to the distal
end of the first army, the first prong having an aperture extending therein, a second prong
connectad to the distal end of the second arm, the second prong having an aperture extending
therein, and a third prong connected to the distal end of the third arm, the third prong having an
aperture extending therein, wherein the first arm, the second arm, and the third arm are
svmmetrically arranged about the anchor body.

Alternatively or additionally to any of the embodiments above, a distal end of the first
prong may be pomnted, a distal end of the second prong may be poirtded, and a distal end of the
third prong moay be poinded.

Alternatively or additionally to anv of the embodiments above, the aperture of the first
prong, the aperture of the second prong, and the aperture of the third prong may each be
configured to receive a tine of a tissue anchor delivery device therein.

The above summary of some embodiments 1s not intended to describe each disclosed
embodiment or every implementation of the present disclosure. The Figures, and Detailed

Description, which follow, more particularly exermnphiy these embodiments.

BRIEF BESCRIPTION OF THE DRAWINGS
The disclosure may be more completely understood n consideration of the following
detailed description in connection with the accompanying drawings, in which:
FIG. 1 illustrates an anterior view of a patient including a cross-section of a shoulder;

FIG. 2 illustrates the shoulder including a humerus and a scapula of FIG. 1)
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FI1G. 3 illustrates a tendon with a tendon repair implant fixed thereto with an exemplary
tissue anchor;

FIG. 4 illustrates a perspective view of an exemplary tissue anchor in a pre-deployed
configuration;

FIG. 5 illusiraies a side view of the exemplary tissue anchor of FI(G. 4 in the pre-deploved
configuration;

FIG. 6A illustrates a perspective view of the exemplary tissue anchor of FIG. 4 ina
deployed configuration;

FIG. 6B illustrates a front view of the exemplary tissue anchor of FIG. 6A 1o the
deploved configuration;

FIG. 6C illustrates a side view of the exemplary tissue anchor of FIG. 6A in the deployed
configuration;

FIG. 7A illustrates a perspective view of an exemplary tissue anchor in a deployed
configuration;

FIG. 7B tHustrates a front view of the exemplary tissue anchor of FIG. 7A in the
deploved configuration;

FI1G. 7C dlustrates a side view of the exemplary tissue anchor of FIG. 7A in the deployed
position;

FI1G. 8A illusirates a perspective view of an exemplary tissue anchor in g pre-deployed
configuration;

FI1G. 3B illustrates a perspective view of the exemplary tissue anchor of FIG. 8Amn a
deployed configuration, wherein a first barb and a second barb deflect away from the tissue
anchor in opposite directions;

FIG. 8C iHhustrates a perspective view of the exemplary tissue anchor of FIG. BAmm a
deployed configuration, wherein a first barb and a second barb deflect away from the fissue
anchor in opposite directions;

FIG. 9Alustrates a perspective view of an exemplary tissue anchor in a pre~deployed
configuration;

FIG. 9B illustrates a side view of the exemplary tissue anchor of FIG. 9A in the pre-

deploved configuration;



10

15

20

30

WO 2024/025822 PCT/US2023/028455

FI1G. 9C illustrates a front view of the exemplary tissue anchor of FIG. 9A in a deploved
configuration;

FIG. 9D illustrates a side view of the exemplary tissue anchor of FIG. 9A in a deploved
configuration;

FIG. 10A illusirates a perspective view of an exemplary tissue anchor in a pre-deployed
configuration;

FIG. 10B illustrates a side view of the exemplary tissue anchor of FIG. 10A in a deploved
confliguration;

FIG. 11 illustrates an exemplary delivery device;

FIG. 12 iHustrates a tendon with an implant fixed thereto using an exemplary tissue
anchor;

FIG. 13A illustrates a perspective view of an exemplary tissue anchor,

FIG. 13B illustrates a bottom view of the exemplary tissue anchor of FIG. 13A; and

FIG. 14 iHustrates a portion of an exemplary delivery device.

While the disclosure is amenable to varnous modifications and alternative forms, specifics
thereof have been shown by way of example in the drawings and will be described in detail. |t
should be understood, however, that the mtention is not to limit aspects of the disclosure to the
particular embodiments described. On the contrary, the intention is to cover all modifications,

equivalents, and alternatives fatling within the spirit and scope of the disclosure.

DETAILED DESCRIPTION

The following description should be read with reference to the drawings, which are not
necessartly {o scale. Like reference numerals indicate like elements throughout the views. The
detailed description and drawings are intended to iHustrate but not limit the disclosare. Those
skilied 1o the art will recognize that the various elerents described and/or shown may be
arranged m various combinations and configurations without departing from the scope of the
disclosure.

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

Al numeric values are herein assumed 1o be modified by the term “about,” whether or

not explictily indicated. The term “about™, in the context of mumeric values, generally refers to a
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range of numbers that one of skill in the art would consider equivalent to the recited value (i e,
having the same function or result). In many instances, the term “about” mayv include numbers
that are rounded to the nearest significant figure. Other uses of the term “aboul™ {e.g, ina
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 numencal ranges by endpoints includes all ummbers within that range
{e.g.,1to5mcludes, 1, 1.5, 2,275, 3,3.80, 4, and 5).

Although soroe suitable dimensions, ranges, and/or values pertaiming to varnous
components, features and/or specifications are disclosed, one of skill in the art, imcited by the
present disclosure, would understand desired dimensions, ranges, and/or values may deviate from
those expressly disclosed.

As used in this specificaiion and the appended claims, the singular forms “a”, “an”, and
“the” include phural referents unless the content clearly dictates otherwise. As used i this
specification and the appended clairns, the term “or” 13 generally emploved in s sense inchiding
“and/or” unless the content clearly dictates otherwise, Ii is 1o be noted that in order to facilitate
understanding, certain features of the disclosure may be described n the singular, even though
those features may be plural or recurring within the disclosed embodiment(s). Each instance of
the features may include and/or be encompassed by the singular disclosura(s), unless exprassly
stated o the contrary. For simplicily 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, unless exphcitly 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”, variants thereof, and the
like, may be generally considered with respect to the positiorung, direction, and/or operation of
varicus elements relative to a user/operator/maripulator of the device, wherein “proximal” and
“retract” indicate or refer fo closer to 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 arbitrarily assigned in an effort to facilitate understanding of the disclosure, and such

mstances will be readily apparent to the skilled artisan.  Other relative terms, such as “axial”,
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“circurnferential”, “longitudinal”, “lateral”, “radial”, etc. and/or variants thereof generally refer to
direction and/or orientaiion relative 1o a central longitudinal axis of the disclosed structure or
device.

The term “extent” may be undersiood to mean the greatest measurement of a stated or
identified dimension, unless the extent or dimension in qguestion is preceded by or identified as a
“mimumaan”, which may be wnderstood to mwean the smallest measurement of the stated or
identified dimension. For example, “outer extent” may be understood (o mean an outer dimension,
“racdhal extent” may be understood to mean a radial dimension, “longitudinal extent” may be
understood to mean a longitudinal dimension, ete. Each instance of an “extent” may be different
{e.g.. axial, longitudmal, lateral, radial, circumferential, etc ) and will be apparent 1o the skilled
person from the context of the individual usage  Generally, an “extent” may be considered a
greatest possible dimension measured according to the intended usage, while a “munimum extent”
may be considered a smallest dimension measured according to the intended usage. In some
mnstances, 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
himmited to, angularly, radially, circumferentially {e.g.. along an arc), elc.

LIS

it 15 noted that references 1 this specification to “an embodiment”, “some embodiments”,
“other embodiments”, etc., indicate that the embodiment described may include one or more
particular features, structures, and/or characteristics. However, such recitations do not
necessarily mean that all embodimenis include the particular features, structures, and/or
characteristics. Moreover, such phrases are not necessarily referring io the same embodiment.
Additionaliv, when particular features, structures, and/or characteristics are described in
connection with ons embodument, 1 should be understood that such features, structures, and/or
characteristics may also be used in connection with other embodiments whether or not explicitly
described unless clearly siated to the contrary. That is, individual elemenis described herein,
even i not explicitly shown in a particular cornbination, are contemplated as being combinable
or arrangeable with each other to fornm other additional embodiments or to complement and/or
enrich the described embodiment(s), as would be understood by one of ordinary skill in the art.
For the purpose of clarity, certain identifving numerical nomenclature {e.g., first, second,
third, fourth, etc.) mav be used thropghowt the description and/or claims o name and/or

differentiate between various described and/or clairned features. 1t 18 to be understood that the
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numerical nomenclature is not infended to be hmiting and is exemplary only.  In some
embodiments, alterations of and deviations from previously used numerical nomenclature may be
made in the inferest of brevily and clarity. That is, a feature identified as a “first” element may
later be referred 1o as a “second” element, a “third” element, etc. or may be omitted entirely, and/or
a different feature may be referred 1o as the “first” element. The meaning and/or designation in
each instance will be apparent to the skilled practitioner.

The figures generally illustrale selected components and/or arrangements of medical
devices, systems, and/or methods. 1 should be noted that in any given figure, some features may
not he shown, or roay be shown schematically, for simphicity. Additional details regarding some
elements may be illustrated in other figures in greater detaill. 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 plural or recurring within the disclosed embodiment{s}. Each
imstance of the features may include and/or be encompassed by the singular disclosure(s), unless
expressly stated to the contrary. For example, a reference o features or elements may be equally
referred to all instances and quantities bevond 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
explicitly stated to the contrary.

With its complexity, range of motion and extensive use, a conumon soft fissue njury is
damage to the rotator cuft or rotator cuff tendons. Dramage to the rotator cuff is a potentially
serious medical condition that mav occur during hyperextension, from an acuie traumatic tear or
from overuse of the joint. Current repair procedures may attempt to alleviate impingement or
make room for movement of the tendon {o prevent further damage and relieve discomfort. An
accepied treatment for rotator cuff tears may include reattaching the torn tendon to the humeral
head using sutures or anchors. Additionally, mn treating rotator cufl tears, an accepied practice
may also include the placernent of a scaffold over the repaired tendon to roecharucally remnforce
the repaired tendon or promote tissue growth for natural repair. The scaffold may be secured to
the tendon using one or more, or a plurality of tissue anchors, such as staples or other anchors.
Therefore, there is an ongoing need to deliver and adeguately secure medical implanis during an
arthroscopic procedure in order o treat injuries 1o the rotator cuft, rotator cuff tendons, or other

soft tissue or tendon injuries throughout a body. It is noted that although discussion heremn s
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directed to soft tissue repair of the shoulder joint, the devices and associated methods of soft
tissue repair may be equally applicable to other joint injuries (e.g., knee, hip, ankle, etc.) and soft
fissue repair throughout the patient’s body.

FIG. 1 illustrates an anterior view of a patient 20 including a cross-section of a shouider
22. The shoulder 22 includes a humerus 14 and ascapula 12, In FIG. 1, a head 24 of the
humerus 14 can be seen mating with a glenoid fossa of the scapula 12 at a glenohumeral joint,
With reference (o FIG. 1, it will be appreciated that the glenoid fossa comprises a shallow
depression mun the scapula 12, The movement of the hurverus 14 relative to the scapula 12 15
conirolled by a number of muscles mcluding: the deltoid, the supraspinatus, the mfraspinatus, the
subscapularis, and the teres nunor. For purposes of illustration, only a supraspinatus 26 is shown
m FIG 1.

With reference to FIG. 1, it will be appreciated that a distal tendon 28 of the
supraspinatus 26 meets the humerus 14 at an insertion point. The scapula 12 of the shoulder 22
mcludes an acromium 32, In FIG. 1, a subacromual bursa 34 is shown extending between the
acromiumn 32 of the scapula 12 and the head 24 of the humerus 14, In FIG 1, the subacrommal
bursa 34 15 shown overlaying the supraspmatus 26, The subacromial bursa 34 is one of the
hundreds of bursae found the human body. Each bursa comprises a fluid filled sac. The
presence of these bursae in in joints throughout the body reduces friction between bodily tissues.
Injwry and/or infection of the bursa can cause it to become inflamed. This condition is
sometimes referred to as bursitis.

The exemplary methods and apparatus described herein may be used o {ix tendon repair
implants {o various target tissues. For example, a tendon repair implant mav be fixed to one or
more lendons associated with an articulating joint, such as the glenohumeral joint. The tendons
1o be treated may be tom, partially torn, have mntemal micro-tears, be untorn, and/or be thinned
due to age, mjury or overuse. Some of the methods and apparatus of the present application and
related devices may provide a beneficial therapeutic effect on a patient experiencing joint pain
helieved to be caused by full thickness tears, partial thickness tears, and/or internal nucrotears.

A tendon repair implant may be secured to the injured tendon or other soft tissue to provide
strength to the mjured tendon, carry at least a portion of the load on the tendon and/or promote

tissue ingrowth at the injury site.
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FI1G. 2 illustrates the shoulder 22 including the humerus 14 and the scapula 12 of FIG 1.
In FIG. 2, the head 24 of the humerus 14 i shown mating with the glenoid fossa of the scapula
12 at the glenchumeral joint. The supraspinatus 26 is also shown in FIG. 2. This muscle (along
with others) control the movement of the humerus 14 relative to the scapula 12, A distal tendon
28 of the supraspinatus 26 meets the humerus 14 at an insertion pomnt 30.

In the embodiment of FIG. 2, the distal tendon 28 includes a first damaged portion 36, A
number of loose tendon fibers 40 in the first damaged portion 36 are visible. The first damaged
portion 36 mncludes a first fear 42 extending partially through the distal tendon 28, The first tear
42 may therefore be referred 1o as a partial thickness tear. With reference to FIG. 2, 1 will be
appreciated that the first tear 42 begins on the side of the distal fendon 28 facing a subacromal
bursa {e.g.. subacromial bursa 34) and ends mudway through the distal tendon 28, Accordingly,
the first tear 42 may be referred to as a bursal side tear. In other instances, the tendon 28 may
include a full thickness tear.

With reference (o FIG. 2, it will be appreciated that the distal tendon 28 includes a second
damaged portion 38 localed near the insertion point 30, In the embodiment of FIG. 2, the second
damaged portion 38 of the distal tendon 28 has become fraved as indicated by the loose tendon
fibers 40. The second damaged portion 38 of the distal tendon 28 includes a second tear 44, 1t
will be appreciated that the second tear 44 bagins on the side of the distal tendon 28 facing the
humerus 14. Accordingly, the second damaged portion 38 may be referred fo as an articular side
tear.

A shown in FIG. 2, an implant 50 (e g., a shesi-like implant) has been placed over the
bursal side of the distal tendon 28. The implant 50 may be formed of a biclogic material, such as
a mesh of collagen fibers or other biocompatible material. It will be appreciated that the implant
50 extends over the insertion point 30, the first {ear 42 and the second tear 44, Some useful
methods in accordance with this detailed description may include placing a tendon repait implant
o the bursal side of a tendon regardless of whether the tears being treated are on the bursal side,
articular side or within the tendon. In some cases, the exact location and natime of the tears being
treated may be unknown. A tendon repair implant may be applied to the bursal side of a tendon
to treat shoulder pain that is most likely caused by one or more partial thickness tears in the
tendon. In some cases, delivery of the implant 50 to a target site of a patient may require a

physician to create an incision in the patient sufficient to access the target tmplant site. Affer
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creating this “access site,” the physician may insert an implant delivery system through the
access site and position the distal end of the implant delivery system adjacent the target implant
site. The physician may then manipulate the implant delivery system to deploy an implant out of
a delivery sheath (not shown in FIG. 2} or otherwise posiiion the implant adjacent the target
implant site. The implant 50 may then be fixed to the distal tendon 28 and to the humerus 14 by
a phurality of tissue anchors 60, as described herein 1 detail,

When positioning the imoplant 50 adjacent a target stte, a chinician may orient the implant
50 such that a proximal portion 51 woay be adjacent {e.g., overlaid) on a portion of the humerus
14 {e.g., on the bone), whale a distal portion 52 of the unplant 50 may overlay the distal tendon
2&. Further, once the implant 50 has been placed appropriately, #f may be desirable to utilize a
stapling instrument (not shown} or other device to msert the plurality of tissue anchors 60
through the tmplant 50 mto the tendon tissue 28 and/or the bone 14, For example, the implant 50
mayv be anchored to the humeral head using one or more bone anchors (e g., staples, tacks, etc.}
and the implant 50 may be anchored fo the tendon 28 using a phurality of tissue anchors {e.g.,
staples, tacks, ete.) arranged around the periphery of the implant S0,

FIG. 3 dlustrates a tendon 80 with a tendon repar implant 70 {ixed thereto with an
exemplary tissue anchor 100, The tendon repawr implant 70 may nclude varnous sheet-like
structures. For example, the sheet-like structure may include a plurality of fibers in which the
plurality of fibers may be interlinked or mtertwined with one another. In such cases, the sheet-
like structure may include a plurality of apertures comprising the interstitial spaces between
fibers providing the sheet-like implant 70 with a desired porosity. Various processes may be
used to interlink or iniertwine the {ibers with one another. In soms embodiments, the sheet-like
structure may include a laminate including mudtiple layers of film with each laver of filim
defining a plurality of micro-machined or formed holes. The sheet-like structure of the tendon
repair implant 70 may also be formoed of a collagen mesh. The sheet-like structure of the tendon
repair implant 70 may also 1oclude a plurality of electro-spun nanofiber filarents fornung a
composite sheet. Additionally, the sheet-like structure may corprise a synthetic sponge material
that defines a plurality of pores. The sheet-like structure may also comprise a reticulated foam
material.

Ag shown in FIG. 3, the tissue anchor 100 mav be used to affix the tendon repair implant

70 to the distal tendon 80, The tissue anchor 100 may include an anchor body 105 having a

12



10

15

20

30

WO 2024/025822 PCT/US2023/028455

proximal end 111 and a distal end 112, A tab 110 may be positioned near the proximal end 111,
The tab 110 may be movable relative to the anchor body 105 from a first position, in which the
tab 110 1s in alignment with the anchor body 105 (as shown in FIGS. 4, 5, and 6C), 1o a second
position, i which the tab 110 deflects away from the anchor body 105, The distal end 112 may
include a sharp, tissue-penetrating tip such as, for example, a tapered fip or a sharpened distal tip
140. The distal tip 140 may aid the tissue anchor 100 in piercing through the implant 70 and into
undertving tissue, such as the distal tendon 80, upon deployment of the tissue anchor 100,

The tissue anchor 100 may further include a first barb 120 posttioned near the distal end
112, and a second barb 130 positioned near the distal end 112, The first barb 120 may include a
first end or hase 121 fixed to the anchor body 105 and a second, free end 122, and the second
barb 130 may include a first end or base 131 fixed to the anchor body 105 and a second, free end
132, In some cases, the first barb 120 and the second barb 130 may be positioned on opposite
sides of the tissue anchor 100, as shown in FIG. 3. For example, the first barb 120 may be
posttioned on a first side of the anchor body 103 with the base 121 of the first barb 120 attached
to and/or extending from the first side of the anchor body 105, and the second barb 130 may be
postiioned on a second side of the anchor body 103, opposite the first side of the anchor body
103, with the base 131 of the second barb 130 attached to and/or extendmg from the second side
of the anchor body 105, In some cases, the first barb 120 and the second barb 130 may be
posttioned on the same side of the tissue anchor 100, Whale it 1s shown that the tissue anchor
100 mcludes two barbs, it may be contemplated that the tissue anchor 100 may include one barb,
three barbs, four barbs, or any other suitable number of barbs. In some cases, as shown in FIG.
3, the first barb 120 and the second barb 130 may be movable from a first position, in which the
first barb 120 and the second barb 130 are wn alignment with the anchor body 105 (as shown in
FIGS. 4, 5, and 6C3, to a second position, fn which the first barb 120 and the second barb 130
deflect away froro the anchor body 105, In some cases, the fitst ends 121, 131 mayv be attached
to the anchor body 103 via heat, laser, or sonic welding, mjection molding, adhesive, or any
other suitable method of attachment. In other instances, the barbs 120, 130 may be integrally
formed with the anchor body 105 and extend therefrom such that the anchor 100 is a monolithic
structure including the anchor body 105 and the barbs 120, 130 attached or joined thereto. The
second ends 122, 132 may be a frec end, thus free to move (e.g., deflect) away from the anchor

body 103, In some cases, the first barb 120 and the second barb 130 may deflect away from the
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anchor body 1035 such that the first barb 120 and the second barb 130 mav extend across the
anchor body 1035 wherein the second ends 122, 132 extend away from a side of the anchor body
105 opposite a side of the anchor body 105 that the first ends 121, 131 are attached to. Having
the first barb 120 and the second barb 130 deflect (2. 2., extend) away from the anchor body 105
may permut the tissue anchor 100 to engage with tissue, such as the distal tendon 80, after the
tissue anchor 100 13 deploved through the implant 70 and into tissue {e.g., the distal iendon 80),

In some cases, the length and/or deflection configuration of the barbs may vary, or be
funed, to conirol the depth and/or extend of the barbs as they are forwarded into tissue. Thus,
fissue anchors (e.g., tissue anchors 100, 200, 300, 400, 500, 600, 700} may be provided mcluding
hoth barbs that embed less deeply across smaller spans, as well as barbs having a deeper,
broader, reach. Thus, although the drawings iHustrate deployment of barbs having a uniform
configuration, the present disclosure is not so limited.

FIG. 4 illustrates a perspective view of an exemplary tissue anchor 200 in a pre-deploved
configuration 250, and FIG. 5 dlustrates a side view of the tissue anchor 200 in the pre-deploved
configuration 250. The tissue anchor 200 may be an example of the tissue anchor 100, As
shown in FIGS. 4 and 5, the tissue anchor 200 may include an anchor bodv 205 having a front
stde 213, a back side 214 (shown i FIG. 3), opposing lateral edges extending between the front
side 213 and the back side 214, a proximal end 211, and a distal end 212, In some cases, the
tissue anchor 200 may inciude a height H of about 0.250 inches. In some cases, the tissue anchor
200 may include a height H of between about 0.200 inches to about 0.300 inches, about 0.200
inches, about 0.175 inches, about 0.275 inches, about 0.300 inches, or any other suitable height.
In some cases, the anchor body 205 may include a width Wi of about 0.040 inches and a
thickness T1 of about 0.020 inches. Tn some cases, the anchor body 205 may mnchude a width W
of about 0.030 inches to about 0.030 inches, about 0.030 inches, about $.035 inches, about
0.0375inches, about 0.045 inches, about 0.030 inches, or any other suitable width. In some
cases, the anchor body 205 may include a thickness Ty of about 0.010 1inches {0 about 0.030
inches, about 0.010 inches, about 0.015 inches, about 0.0175 inches, about 0.025 inches, about
{1030 inches, or any other suitable thickness.

The distal end 212 may include a distal tip 240. The distal tip 240 may be a shap,
tapered tip, and may aid the tissue anchor 200 in piercing through an implant and into tissue

upon deployvment of the tissue anchor 200, A tab 210 may be positioned near the proximal end
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211 of the anchor body 205, and may be movable from a first position, in which the tab 210 is in
alignment with the anchor body 203, to a second position, in which the tab 210 deflects away
from the anchor body 205. The tab 210 may include a first end 216 which may be attached 1o
the anchor body 205 via heat, laser, sonic welding, injection molding, adhesive, or any other
suitable method of attachment. In other instances, the tab 210 may be integrally formed with the
anchor body 205 and extend therefrom such that the anchor 200 is a monolithic structure
inchuding the anchor body 205 and the tab 210 attached or jomned thereto. The tab 210 may
further include a second end 217 which may be a free end, thus free to move {e.g., deflect) away
from the anchor body 205, When the tissue anchor 200 is in the pre-deploved configuration 250,
the tab 210 may fold in toward the anchor body 205 such that the tab 210 may be in the first
position i which the tab 210 may abut, face, or be juxtaposed with (e.g., aligned with} the
anchor body 205, In the first position, the tab 210 may extend generally parallel to the anchor
body 203 and be juxtaposed therewith. In some cases, the first position may be considered to be
a first, pre~deployed position, and the second position may be considered to be a second,
deploved position. The tab 210 may be biased toward the second, deploved position when
unconstrained and not subjected to an external force. Thus, the tab 210 may be configured to
automatically transition from the first, pre-deploved position to the second, deploved position
when external forces are removed from the tab 210

I some cases, the tab 210 may include a width W that is the same as the width Wy of
the anchor body 205, In some cases, the tab 210 may include a width W that s not the same as
the width W of the anchor body 205. For example, in some cases, the width W» of the tab 210
may be about 0.030 inches whereas the width W1 of the anchor body 205 may be about 6.040
inches. In some cases, the width W2 of the tab 210 and the width W1 of the anchor body 208
may both be about 0.040 inches. These are just examples. In some cases, the tab 210 may
mclude a thickness T2 of about 9.015 inches. In some cases, the tab 210 may include a thickness
T2 of about 0.010 inches to about 0.020 nchss, about 0.010 mches, about 0.012 inches, about
{(.015 inches, about 0.020 inches, or any other switable thuickness. In some cases, the tab 210 may
mclude a length L of about 0.085 inches. In some cases, the tab 210 may include a length Ly of
about 0.070 inches to about 0.10 inches, about 6.070 inches, about 0.075inches, about 0.080
inches, about 0.090 inches, about ¢.10 inches, or any other suitable length. While it is shown
that the tab 210 is attached (o and/or extends along the front side 213 of the anchor body 205, 1t
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may be contemplated that the tab 210 could instead be attached to and/or extend along the back
side 214 of the anchor body 205

As shown in FIGS. 4 and 5, the fissue anchor 200 mav include a first barb 220 including
a first end or base 221 and a second, free end 222, and a second barb 230 including a first end or
base 231 and a second, free end 232 positioned near the distal end 212 of the anchor body 205,
The second ends 222, 232 of the barbs 220, 230 may be beveled or otherwise sharpenad to
enable the barbs 220, 230 {0 peneirate 1nto tissue, 1n some instances. The first barb 220 and the
second barb 230 may be positioned on opposite sides of the anchor body 205, For example, the
first barb 220 yoay be positioned at and extend from the frount side 213 of the anchor body 205,
and the second barb 230 may be positioned at and extend from the back side 214 of the anchor
body 203, In some cases, each barb 220, 230 may include a length L of at least 0.125 inches. In
some cases, the barbs 220, 230 may include a length L of about 8.100 to about 0.200 inches,
about 0.100 inches, about 0.125 inches, about 0.150 inches, or anv other suitable length. In some
cases, the {irst barb 220 and the second barb 230 may include a thickness Ts of about 0.015
mches. Tn some cases, the first barb 220 and the second barb 230 may include a thickness Ts of
about 0.010 mches to about 0.020 inches, about 8.010 inches, about 0.012 inches, gbout $.015
nches, about 0.020 inches, or any other suitable thackness. In some cagses, the thickness Ts of the
first barb 220 15 the same as the thickness Ts of the second barb 230, In some cases, the
thickness T; of the first barb 220 may be different than the thickness of the second barb 230. In
some cases, the first ends 221, 231 may be attached to the anchor body 205 via heat, laser, or
sonic welding, injection molding, adhesive, or anv other suitable method of attachment. In other
instances, the barbs 220, 230 may be mtegrally formed with the anchor body 205 and extend
therefrom such that the anchor 200 18 a monolithic siructure inchuding the anchor body 205, the
barbs 220, 230, and/or the tab 210 attached or joined thereto. The second ends 222, 232 may be
a free end, thus free to move {e.g., deflect) away from the anchor body 205, In some cases, the
first barb 220 and the second barb 230 may be movable from a first position, in which the barbs
220, 230 are in alignment with the anchor body 203, to a second position, in which the barbs
220, 230 detlect away from the anchor body 205, When the tissue anchor 200 1s in the pre-
deploved configuration 250, the barbs 220, 230 may be in the first position in which the barbs
220, 230 may abui, face, or be juxtaposed with {e.g., aligned with) the anchor body 205, In the

first position, the barbs 220, 230 may extend generally parallel (o the anchor body 205 and be
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juxtaposed therewith, In some cases, the first position may be considered to be a first, pre-
deployed position, and the second postiion may be considered to be a second, deploved position.
The barbs 220, 230 may be biased toward the second, deployed position when unconstrained and
not subjected 1o an external force. Thus, the barbs 220, 230 may be configured to automatically
transition from the first, pre-deployed position to the second, deployed position when external
forces are removed from the barbs 220, 230. While 11 15 shown that the first barb 220 and the
second barb 230 are positioned on opposite s of the anchor body 203, it may be conternplated
that the first barb 220 and the second barb 230 mayv be positioned on the same side of the anchor
bodv 203, In some cases, the tissue anchor 200 may include three barbs, one barb, four barbs, or
any other suitable number of barbs,

FIGS. oA~ ilustrate a perspective view, a front view, and a side view, respectively, of
the exemplary tissue anchor 200 of FIGS. 4 and 5 in a deploved configuration 260. When the
tissue anchor 200 1s in the deploved configuration 260, the tab 210 may be in the second
posttion, wherein the first end 216 of the tab 210 remains attached or jomed to the anchor body
203, and the second end 217 deflects or extends away from the anchor body 205, The tab 210
may be formed from a shape roernory alloy or stmtlar materials with the ability to recover a pre-
defined configuration. Such materials may mclude, but are not himuted to, a mickel-titanium
allov, such as Nitinol, and the like. In some cases, the tab 210 may be formed from
bicabsorbable or hicerodibie materials which may include biocabsorbable polymers (e g,
polylactic acid (PLA), poly-L-lactic acid (PLLA}, polv{lactide-co-glveohide {(PLGA), poly-L-
lactide-DiL-lactic acid (PLDL} or a bioerodible metal {e. g, magnesium alloy). The tab 210 may
be biased toward the second position, such that when an applied force is removed from the tab
210, the tab 210 automatically reverts to the second position. For example, the tab 210 may be
held within a tissue anchor delivery device i the first, pre-deploved position and upon
deployroent, the tab 210 may revert {o the second, deploved position. The tab 210 may ad in the
formation of a secure attachment of an tuplant (e.g., implant 70} to a tissue {(e.g., distal tendon
80} by engaging with a proximal side of the implant, thereby preventing a downward movement
of the tissue anchor 200 wherein an entirety of the tissue anchor 200 could become embedded in
the fissug, thereby passing complately through the implant.

Ag shown in FIGS. 6A-6C, the first barb 220 and the second barb 230 may be in the

second position in which the first barb 220 and the second barb 230 deflect away from the
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anchor body 203, The first barb 220 and the second barb 230 may be formed from a shape
memory alloy or similar materials with the ability o recover a pre-defined configuration. Such
materials may include, but are not limited to, a nickel-titanium alloy, such as Nitinol, and the
like. In some cases, the first barb 220 and the second barb 230 may be formed from
bioabsorbable or bicerodible materials which may include bioabsorbable polymers (e g,
pobvlactic acid (PLA), poly-L-lactic acid (PLLA}, polv{lactide-co-glveohde) (PLGA), polv-L-
lactide-DL-lactic acid (PLDL}) or a biocercdible metal {e.g., magnesium allov). The first barb
220 and the second barb 230 may be biased toward the second position, such that when an
applied force is removed from the tab 210, the first barb 220 and the second barb 230
automatically revert to the second position. For example, the first barb 220 and the second barb
230 may be held within a tissue anchor deliverv device in the first, pre~deploved position and
upon deployment, the first barb 220 and the second barb 230 mav revert (o the second, deploved
position. In such an arrangement, the barbs 220, 230 are driven into tissue, thereby improving
retention of the tissue anchor 200, When the tissue anchor 200 1s in the deploved configuration
260, the distance D spanning bebween the first end 222 of the first barb 220 and the first end 232
of the second barb 230 may be greater than the width W1 of the anchor body 205, such as a
distance of 0.075 inches to about ¢.150 inches, or about 0.100 inches. In some cases, the
distance P may be about 0.075 inches, about 0.100 inches, about 0.110 inches, about 0.125
inches, or any other suitable distance.

In some cases, when the tab 210 is in the second position and the first barb 220 and the
second barb 230 are in the second position, as shown in FIGS. 6A-6C, the tab 210 may deflect
away from the anchor body 203 in a first direction, the first barb 220 may deflect away from the
anchor body 205 n a second direction, and the second barb 230 may deflect away from the
anchor body 205 in a thivd divection. In some cases, the first and the second directions may be
the same divection and the third divection may be different than the first and second directions,
In some cases, the first and third directions may he the same direction and the second direction
may be different from the first and the third directions. In some cases, the second and third
directions may be the same direction and the first direction may be different from the second and
third directions. In some cases, the first, second, and third directions mayv each differ from one
another. For example, as shown in FIGS. 6A-6C, with the longitudinal axis of the anchor body

2035 extending parallel to and along the Z-7 axis of a coordinate system, the tab 210 may extend
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{deflect) away from the longitudinal axis of the anchor body 205 {e.g., may be perpendicular to
the anchor body 205) in the positive Y direction. The first barb 220 and the second barb 230
may extend (deflect) away from the longitudinal axis of the anchor body 205 such that the
second ends 222, 232 extend away {rom opposite sides or edges of the anchor body 205 in the
negative X direction and the posiiive X direction, respectively.

FIG. TA-7C iHlusirates a perspective view, a front view, and a side view, respectively, of
an exemplary tissue anchor 300 i a deployed configuration 360, The tissue anchor 300 may be
an example of the fissue anchor 100, The tissue anchor 300 may include an anchor body 303
having a front side 313, a back side 314, opposing lateral edges extending between the front side
313 and the back side 314, a proxamal end 311, and a distal end 312 In some cases, the tissue
anchor 300 may include a height H of about 0.250 inches. In some cases, the tissue anchor 300
may include a height H of between about 0.200 inches to about 0.30¢ inches, about 0.200 inches,
about 0.175 inches, about 0.275 inches, abowt 0.300 inches, or any other suitable height. In some
cases, the anchor body 305 may include a width Wi of about 0.040 inches and a thickness Ti of
about 0.020 inches. In some cases, the anchor body 305 may mclude a width Wi of about 0.030
mnches o about 0.050 inches, about 0.030 inches, about 0.035 mches, about 0.0378 inches, abowt
.045 mches, about 0.050 mnches, or any other suitable width. Tn some cases, the anchor body
305 may nclude a thickness T1 of about 0.010 inches to about 0.030 inches, about 0.010 inches,
about 0.015 inches, about 0.0173 inches, about 0.025 inches, about 0.030 inches, or any other
suitable thickness.

The distal end 312 may include a distal tip 340. The distal tip 340 may be a sharp,
taperad tip, and may aid the fissue anchor 300 in piercing through an implant and inio tissue
apon deployment of the tissue anchor 300. A tab 310 mav be positioned near the proximal end
311 of the anchor body 303, and may be movable from a first position, in which the tab 310 1510
alignment with the anchor body 303, 1o a second position, in which the tab 310 deflects away
from the anchor body 305, The tab 310 may include a first end 316 which may be attached to
the anchor body 305 via heat, laser, sonic welding, injection molding, adhesive, or any other
suitable method of attachiment. In other instances, the tab 310 may be integrally formed with the
anchor body 305 and extend therefrom such that the anchor 300 is a monolithic structure
including the anchor body 305 and the tab 310 attached or joined thergto. The tab 310 may

further include a second end 317 which may be a free end, thus free to move (e.g., deflect) away
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from the anchor body 305, When the tissue anchor 300 is in a pre-deploved configuration {(a.g.,
pre-deploved configuration 250}, the tab 310 may fold m toward the anchor body 305 such that
the tab 310 may be in the {irst position in which the tab 310 mayv abut, face, or be jwxiaposed
with {2.g., alignad with) the anchor body 303, In the first position, the tab 310 may exiend
generally parallel 1o the anchor body 305 and be juxtaposed therewith. In some cases, the first
position may be considered to be a first, pre~-deployed position, and the second position may be
considered to be a second, deploved position. The {ab 310 may be biased toward the second,
deployed position when unconstrained and not subjected to an external force. Thus, the tab 310
may be configured to automatically transition from the first, pre~-deploved position {o the second,
deploved position when external forces are removed from the tab 310

In some cases, the tab 310 may include a width W2 that is the same as the width Wi of
the anchor body 303. In some cases, the tab 310 may mnclude a width W» that 13 not the same as
the width W of the anchor bodv 30S. For example, in some cases, the width W2 of the tab 310
may be about 0.030 inches whereas the width W1 of the anchor body 305 may be about 0.040
mches. Tn some cases, the width Wz of the tab 310 and the width W1 of the anchor body 305
may both be about 0.040 inches. These are just exaroples. In some cases, the tab 310 may
nclude a thickness Tz of about 0.013 inches. Insome cases, the tab 310 may 1oclude a thickness
T2 of about 0.010 inches to about 0.020 inches, about 0.010 inches, about 0.012 inches, about
0.015 inches, about 0.020 inches, or any other suitable thickness. In some cases, the tab 310 mav
include a length L1 of about 0.085 inches. In some cases, the tab 310 may include a length L1 of
about 0.070 inches to about 0.10 inches, abowt 0.070 inches, about 0.075inches, abowt 0.080
inches, about 0.090 inches, about 0.10 inches, or any other suitable fength. While it is shown
that the tab 310 is attached to and/or extends along the front side 313 of the anchor body 305, it
may be contemplated that the tab 310 could instead be atiached to and/or extend along the back
side 314 of the anchor body 305, When the tissue anchor 300 is i the deployved contiguration
360, the tab 310 may be in the second posttion, wheremn the first end 316 of the tab 310 remains
attached or joined to the anchor body 3035, and the second end 317 deflects or extends away from
the anchor body 305, The tab 310 may be formed from a shape memory alloy or similar
materials with the ability to recover a pre-defined configuration. Such materials may include,
but are not limited to, a nickel-titanium alloy, such as Nitinol, and the like. In some cases, the

tab 310 may be formed from bioabsorbable or bioerodible materials which mway include

20



10

15

20

30

WO 2024/025822 PCT/US2023/028455

bicabsorbable polymers {e.g., polylactic acid (PLA), poly-L-lactic acid {(PLLA), polv(lactide-co-
glveolide} (PLGA), poly-L-tactide-DL-lactic acid {PLDLY) or a bicerodible metal {e.g.,
magnesium alloy}. The tab 310 mav be biased toward the second position, such that when an
applied force is removed from the tab 310, the tab 310 automatically reverts to the second
position. For example, the tab 310 may be held within a tissue anchor delivery device in the
first, pre-deployed posttion and upon deplovment, the tab 310 may revert to the second, deploved
position. The tab 310 may aid in the formation of a secure attachment of an implant {e.g.,
implant 70} to a tissue {e.g., distal tendou 80) by engaging with a proximal side of the tuplant,
thereby preventing a downward movement of the tissue anchor 300 wherein an entivety of the
tissue anchor 300 could become embedded in the tissue, thereby passing completely through the
implant.

The tissue anchor 300 may include a first barb 320 including a first end 321 or base and a
second, free end 322, and a second barb 330 mcluding a first end 331 or base and a second, free
end 332 positioned near the distal end 312 of the anchor body 305, In some cases, the first ends
321, 331 may be attached to the anchor body 305 via heat, laser, or sonic welding, injection
molding, adhesive, or any other suitable method of attachment. In other instances, the barbs 320,
330 may be integrally formed with the anchor body 303 and extend therefrom such that the
anchor 300 is a monolithic structure including the anchor body 305, the barbs 320, 330, and/or
the tab 310 attached or joined thersto. The second ends 322, 332 may be a free end, thus free o
move {e.g., deflect) away from the anchor body 305, In some ¢ases, the first barb 320 and the
second barb 330 mav be movable from a first position, in which the barbs 320, 330 are in
alignment with the anchor body 305, to a second position, in which the barbs 320, 330 deflect
away from the anchor body 305, The second ends 322, 332 of the barbs 320, 330 may be
beveled or otherwise sharpened 1o enable the barbs 320, 330 1o penetrate into tissue, in some
mstances. The first barb 320 and the second barb 330 may be positioned on opposiie sides of the
anchor body 303, For example, the {irst barb 320 may be posttioned at and extend from the front
side 313 of the anchor body 303, and the second barb 330 may be positioned at and extend from
the back side 314 of the anchor body 305, In some cases, each barb 320, 330 may include a
fength L of at least 0.125 inches. In some cases, the barbs 320, 330 may include alength L of
about 0.100 to about 0.200 inches, abowut 0,100 inches, abowt ©.125 inches, about 0.150 inches, or

any other suitable length. In some cases, the first barb 320 and the second barb 330 may include
Y g )
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a thickness Ts of about 0.015 inches. In some cases, the first barb 320 and the second barb 330
may include a thickness T3 of about 0.010 inches to about 0.020 inches, about 0.010 inches,
about 0.012 inches, about 0.015 inches, about 0.020 inches, or any other suitable thickness. In
some cases, the thickness Ts of the first barb 320 15 the same as the thickness Ts of the second
barb 330. In some cases, the thickness Ts of the first barb 320 may be different than the
thickness of the second barb 330,

When the tissue anchor 300 is in the pre-deploved configuration, the barbs 320, 330 may
be in the first position in which the barbs 320, 330 may abut, face, or be juxtaposed with (e g.,
aligned with} the anchor body 303, In the first position, the barbs 320, 330 may extend generally
parallel to the anchor body 205 and be juxtaposed therewith. In some cases, the first position
may be considered to be a first, pre-deploved position, and the second position may be
considered to be a second, deployed position. The barbs 320, 330 may be biased toward the
second, deployed position when unconsirained and not subjected to an external force. Thus, the
barbs 320, 330 may be configured to automatically transition from the first, pre~-deploved
postiion to the second, deploved position when external forces are removed from the barbs 320,
330, While 1t 1s shown that the first barb 320 and the second barb 330 are positioned on opposite
stdes of the anchor body 305 (e.g., the front side 313 and the back side 314, respectively), it roay
be contemplated that the first barb 320 and the second barb 330 mayv be positioned on the same
side of the anchor body 305, In some cases, the tissue anchor 300 may include three barbs, one
barb, four barbs, or any other suitable number of barbs.

As shown in FIGS, 7A-7C, the first barb 320 and the second barb 330 may be in the
second postiion in which the first barb 320 and the second barb 330 deflect away from the
anchor body 305, The first barb 320 and the second barb 330 may be formed from a shape
memory alloy or simlar materials with the ability to recover a pre-defined configuration. Such
materials may include, but are not mted to, a mickel-titaraum atloy, such as Nitinol, and the
fike. In some cases, the first barb 320 and the second barb 330 may be formed from
hoabsorbable or bicerodible materials which may mclude biocabsorbable polvmers (e g,
polviactic acid (PLA), poly-L-lactic acid (PLLA), polv{lactide-co-glvcolide) (PLGA). poly-L-
lactide-DL-lactic acid (PLIL)) or a bivercdible metal (e g.. magnesium alloy). The first barb
320 and the second barb 330 may be biased toward the second position, such that when an

applied force 1s removed from the tab 310, the first barb 320 and the second barb 330
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automatically revert to the second position. For example, the first barb 320 and the second barb

[e)
3

330 may be held within a tissue anchor delivery device in the first, pre-deployed position and

1Y
2

upon deployment, the first barb 320 and the second barb 330 may revert to the second, deployed
position. In such an arrangement, the barbs 320, 330 are driven into tissue, thereby improving
retention of the tissue anchor 300, When the tissue anchor 300 1s in the deployed configuration
360, the distance I3 spanning between the first end 322 of the first barb 320 and the first end 332
of the second barb 330 may be greater than the width W1 of the anchor body 205, such as a
distance of 0.075 inches to about 0.150 inchss, or about 0.100 inches. In some cases, the
distance D may be about 0.073 inches, about 0.100 inches, about 0.110 inches, about 0.125
inches, or any other suitable distance.

In some cases, when the tab 310 is in the second position and the first barb 320 and the
second barb 330 are in the second position, as shown in FIGS. 7TA-7C, the tab 310 may deflect
away from the anchor body 305 n a first direction, the first barb 320 may deflect away from the
anchor body 305 in a second direction, and the second barb 330 may deflect away from the
anchor body 305 in a third direction. In some cases, the first and the second directions may be
the sarme direction and the thurd direction may be different than the first and second directions.
In some cases, the first and thurd directions may be the sarve direction and the second direction
may be different from the first and the third directions. In some cases, the second and third
directions may be the same direction and the first direction may be different from the second and
third directions. In some cases, the first, second, and third directions differ from one another.
For example, as shown m FIGS. 7A-7C, with the longitudimal axis of the anchor body 305
extending parallel to and along the Z-7 axis of a coordinaie sysiem, the tab 310 may extend
{deflect) away from the longitudinal axis of the anchor bodyv 305 {e.g., mayv be perpendicular to
the anchor body 305) in the positive Y direction. The first barb 320 and the second barb 330
may extend (deflect) away from the longitudinal axis of the anchor body 305 such that the
second end 322 of the furst barb 320 deflects away from the front side 313 of the anchor body
305 m the positive Y direction and the second end 332 of the second barb 330 deflects away
from the back side 314 of the anchor body 305 in the negative Y direction.

FIG. 8A illustrates a perspective view of an exemplary tissue anchor 400 in a pre-
deploved configuration 450, FIG. 8B illustrates the tissue anchor 400 in a deployed configuration

460, and FIG. 8C illustrates the tissue anchor in an alternative deploved configuration 470, Ag
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shown in FIGS. 8A-8C, the tissue anchor 400 may include an anchor body 405 having a front
side 413, a back side 414, a first lateral side 423 extending between the front side 413 and the
back side 414, a second lateral side 424 exiending between the front side 413 and the back side
414, aproximal end 411, and a distal end 412, In some cases, the tissue anchor 400 may include
a height H of about ¢.250 inches. In some cases, the tissue anchor 400 may inchude a height H of
between about 0.200 inches 1o abowt §.300 inches, about 0.200 inches, about 0.175 mches, about
(.275 mches, about 0.300 inches, or any other suitable height. In some cases, the anchor body
403 may include a width Wi of about 0.040 inches and a thickness T of about 0.020 1nches. In
some cases, the anchor body 403 may include a width Wi of about 0.030 inches to about 0.050
inches, about 0.030 inches, about 0.035 inches, about 0.0375 inches, about 0.045 inches, about
(.050 mches, or any other suitable width. In some cases, the anchor body 405 may include a
thickness T1 of about 0.010 inches to about 0.030 inches, about $.010 inches, about 0.015 inches,
about 0.0175 inches, abowut $.025 inches, aboui 0.030 inches, or anv other suitable thickness.

The distal end 412 way include a distal tip 440, The distal tip 440 may be a sharp,
tapered tip, and may aid the tissue anchor 400 in prercing through an fmplant and imto tissue
upon deplovment of the tissue anchor 400, A tab 410 may be posiioned near the proximal end
411 of the anchor body 405, and may be movable from a first position, 10 which the tab 410 15 in
alignment with the anchor body 4035, to a second position, in which the tab 410 deflects away
from the anchor body 405. The tab 410 may mclude a first end 416 which may be attached to
the anchor body 405 via heat, laser, sonic welding, injection molding, adhesive, or any other
suitable method of attachment. In other instances, the tab 410 may be integrally formed with the
anchor body 405 and extend therefrom such that the anchor 400 is a monolithic structure
including the anchor body 405 and the tab 410 attached or joined thereto. The tab 410 may
further include a second end 417 which may be a free end, thus free to move (e g., deflect) away
from the anchor body 405, When the tissue anchor 400 is in a pre~-deploved configuration 450,
the tab 410 may fold in toward the anchor body 4035 such that the tab 410 may be n the first
position i which the tab 410 may abut, face, or be juxtaposed with (e.g., aligned with} the
anchor body 405, In the first position, the tab 410 may extend generally parallel to the anchor
body 303 and be juxtaposed therewith. In some cases, the first position may be considered to be
a first, pre-deployed position, and the second position may be considered to be a second,

deploved position. The tab 410 may be biased toward the second, deploved position when
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unconstrained and not subjected to an external force. Thus, the tab 410 may be configured to
automatically transition from the first, pre-deploved position to the second, deploved position
when external forces are removed from the tab 410

In some cases, the tab 410 may include a width W that ts the same as the width W of
the anchor body 405, In some cases, the tab 410 may include a width W2 that is not the same as
the width W1 of the anchor body 405, For example, in some cases, the width W2 of the tab 410
may be about 0.030 inches whereas the width W1 of the anchor body 4035 may be about 0.040
mches. In some cases, the width W2 of the tab 410 and the width W of the anchor body 408
may both be about 0.040 mmches. These are just examples. In some cases, the tab 410 may
imclude a thickness Tz of about 0.015 inches. In some cases, the tab 410 may include a thickness
T of about 0.010 inches to about 0.020 inches, about 0.010 inches, about 0.012 inches, about
(1.015 inches, about 0.020 inches, or any other suitable thickness. In some cages, the tab 410 may
include a length L of about 0.085 inches. In some cases, the tab 410 may include alength Ly of
about 0.070 inches to about 0.10 inches, about §.070 inches, about 0.07Sinches, about 0.080
mches, about 0.090 mches, about 010 inches, or any other suiable length. Whilg 1t 15 shown
that the tab 410 is attached to and/or extends along the front side 413 of the anchor body 403, 1t
may be contemplated that the tab 410 could instead be attached to and/or extend along the back
side 414 of the anchor body 403,

The tissue anchor 400 may include a first barb 420 including a first end 421 or base and a
second, free end 422, and a second barb 430 including a first end 431 or base and a second, free
end 432 positioned near the distal end 412 of the anchor body 405, In some cases, the first ends

421, 431 may be atiached to the anchor body 405 via heat, laser, or sonic welding

0

miection
molding, adhesive, or any other suitable method of attachment. In other instances, the barbs 420,
430 may be integrally formed with the anchor body 405 and extend therefrom such that the
anchor 400 15 a roonohithic structure including the anchor body 405, the barbs 420, 430, and/or
the tab 410 attached or joined thereto. The second ends 422, 432 may be a free end, thus free o
move {e.g., deflect) away from the anchor body 403, In some cases, the first barb 420 and the
second barb 430 may be movable from a first position, in which the barbs 420, 430 are in
alignment with the anchor body 4085, to a second position, in which the barbs 420, 430 deflect
away from a longitudinal axis the anchor body 405, The second ends 422, 432 of the barbs 420,

430 mav be beveled or otherwise sharpened 1o enable the barbs 420, 430 (o penetrate into tissue,
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m some instances. The first barb 420 and the second barb 430 may be positioned on opposite
sides of the anchor body 405. For example. the first barb 420 may be positioned at the first
lateral side 423 of the anchor body 405, and the second barb 430 may be positioned at the second
lateral side 424 of the anchor body 405, In some cases, the first and second barbs 420, 430 may
inchude dimensions (e.g., length L, thickness T, distance D) similar to those described above
with respect to FIGS. 7A-7C.

As shown in FIGS. 8A-8C, the anchor body 403 mayv mchude a first cut-out 425 within
the first lateral side 423 and a second cut-out 426 within the second lateral side 424, The cut-
outs 425, 426 may each mclude a size configured to acconmimodate the first barb 420 and the
second barb 430, respectively. Thus, when the tissue anchor 400 is in the pre-deploved
configuration 430, the anchor body 405, the first barb 420, and the second barb 430 ahign, such
that a surface of the first barb 420 1s juxtaposed with the first lateral side 423 of the anchor body
405, and a surface of the second barb 430 is juxtaposed with the second lateral side 424 of the
anchor body 405, as shown i FIG. 8A. Thus, the first barb 420 and the second barb may lay in
the same plane as the anchor body 405 1 the pre~deployed configuration 450.

As shown in FIGS. 8B-8C, the first barb 420 and the second barb 430 may be in the
second position, which may be considered a deploved configuration, 1o which the first barb 420
and the second barb 430 deflect away from the anchor body 405, The first barb 420 and the
second barb 430 mav be biased toward the second position when unconstramed and not
subjected to an external force, such that when an applied force is removed from the {ab 410, the
first barb 420 and the second barb 430 automatically reveit {0 the second position. For example,
the first barb 420 and the second barb 430 may be held within a tissue anchor delivery device in
the first, pre~-deploved position and upon deplovment, the first barb 420 and the second barb 430
may automatically revert to the second, deploved position. In such an arrangement, the barbs
420, 430 are driven nio tissue, thereby tuproving retention of the tissue anchor 400,

In some cases, when the tab 410 15 in the second position and the first barb 420 and the
second barb 430 are in the second position, as shown in FIGS, 8B-8C, the tab 410 may deflect
away from the anchor body 405 in a first direction, the first barb 420 may deflect away from the
anchor body 405 in a second direction, and the second barb 430 may deflect away from the
anchor body 405 in a third direction. In some cases, the first and the second directions may be

the same direction and the thard direction may be different than the first and second directions.
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In some cases, the first and third directions may be the same direction and the second direction
may be different from the first and the third directions. In some cases, the second and third
directions may be the same direction and the first direction may be different from the second and
third directions. In some cases, the first, second, and third directions differ from one another.
For example, as shown in FIG. 8B, when the tissue anchor 400 is in the deploved configuration
460 with the longitudinal axis of the anchor body 405 extending parallel 1o and along the Z-7
axis of a coordinate systery, the tab 410 may extend (deflect} away from the longitudinal axis of
the anchor body 40S (e.g., may be perpendicular to the anchor body 403) in the positive Y
divection. The first barb 420 may extend (deflect) away from the anchor body 405 1o a first
{ateral direction, as indicated by arrow X in the negative X direction, and the second barb 430
may extend (deflect) away from the anchor body 405 in a second lateral direction, as indicated
by arrow Xz in the positive X direction. In such cases, the first end 422 of the first barb 420
deflects laterally owtward and away from the first lateral side 423 of the anchor body 405 and the
first end 432 of the second barb 430 deflects laterally outward and away {rom the second lateral
stde 424 of the anchor body 405, such that the anchor body 405, the first barb 420, and the
second barb 430 remain in the same plane.

As shown mn FIG. 8C, the tissue anchor 400 15 1o the alternative deploved configuration
470. While 1 the deploved configuration 470 with the longitudinal axis of the anchor body 405
extending parallel to and along the Z-7 axis of a coordinate system, the tab 410 may extend
{deflect) away from the longitudinal axis of the anchor body 405 {e.g., mayv be perpendicular to
the anchor body 405) in the positive Y direction. The first barb 420 may extend {deflect) away
from the anchor body 405 in a first anterior direction, as indicated by arrow Y1 in the positive Y
direction, and the second barb 430 may extend {deflect) away from the anchor body 405 i a
second posterior direction, opposite the {irst antertor directlion, as mndicated by arrow Yz in the
negative Y direction, such that the first end 422 of the first barb 420 deflects away from the front
side 413 of the anchor body 405 in a forward direction, and the furst end 432 of the second barb
430 deflects away from the back side 414 of the anchor body 405 in a posterior direction,

In some cases, the tab 410, the first barb 420, and the second barb 430 may be formed
from a shape memory allov or similar materials with the ability to recover a pre-defined
configuration, as described above. In some cases, the tab 410, the first barb 420, and the second

barb 430 may be formed from bioabsorbable or bioerodible materials, as described above. The
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tab 410, the first barb 420, and the second barb 430 may be biased toward the second position,
such that when an apphied force 15 removed from the tab 410, the first barb 420, and the second
barb 430 automatically revert to the second position.

FIGS. 9A-9D illustrate an exemplary tissue anchor 500, FIGS. 2A-9B illustrate a
perspective view and a side view, respectively, of the tissue anchor 500 in a first, pre-deployved
configuration S50, and FIGS. 9C-OD» silustrate a front view and a side view, respectively, of the
fissue anchor 500 i a second, deploved contfiguration 560, Ags shown in FIGS. 9A-9D, the fissue
anchor 300 may joclude an anchor body 505 having a front side 513, a back side 514, a first
lateral edge extending between the front side 513 and the back side 514, an opposite second
{ateral edge extending between the front side 513 and the back side 514, a proximal end 511, and
a distal end 512, In some cases, the tissue anchor 500 may include a height H of about 0.250
inches. In some cases, the tissue anchor 500 may include a height H of between about 0.20¢
inches to about 0.300 inches. about 0.200 inches, about 0.175 mches, about 0.275 inches, aboui
(.300 inches, or any other suitable height. In some cases, the anchor body 503 may inchude a
widih W1 of about 0.040 inches and a thickness T of about 0.020 inches. In some cases, the
anchor body 305 mav include a width Wi of about 0.030 inches to about 0.050 inches, about
$.030 inches, about 0.035 inches, about 0.0375 mches, about 0.045 inches, about ¢.030 inches, or
any other suitable width. In some cases, the anchor body 505 may include a thickness T: of
about 0.010 inches to about 0.030 inches, about 0.010 inches. about 0.015 inches, about 6.0173
inches, about 0.0235 inches, about 0.030 inches, or any other suitable thickness.

The distal end 512 may include a distal tip 540. The distal tip 540 may be a sharp,
tapered tip, and may aid the tissue anchor 500 in piercing through an implant and 1nto tissue
apon deployment of the tissue anchor S00. A tab 510 mav be positioned near the proximal end
S11 of the anchor body 503, and may be movable from a first position, in which the tab 310 1510
alignment with the anchor body 503, 10 a second position, in which the tab 510 deflects away
from the anchor body 505, In the embodiment shown 1n FIGS. 9A-9D, the tissue anchor 500
may be a monolithic structure in which the tab 510 mav include a first, base end 516 which may
be attached or joined to the anchor body 505, and a second end 517 which may be a free end,
thus free to move {e.g., deflect) away from the anchor body 505. The tab 510 may be cut out of
the anchor body 503 such that the anchor body 505 includes a tab opening 515, wherein the tab

5101s located within a perimeter of the {ab opening 315 and lays in the same plane as the anchor
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body 505 when in the first position, and the second end 517 of the tab 510 may extend owtward
from the tab opening 515 when in the second position. In some cases, the first position may be
considered to be a first, pre-depioved position, and the second position may be considered fo be a
second, deployed position. The tab 510 may include a width W that is not the same as the width
W1 of the anchor body 505, For example, in some cases, the width W3 of the tab 510 may be
about 0.030 inches whereas the width W1 of the anchor body 503 may be abowt 0.040inches.

The tab 510 may be biased toward the second, deploved position when unconstrained and not
subjected to an external force. Thus. the tab 510 may be configured to automatically transition
from the frst, pre~deploved position to the second, deploved position when external forces are
removed from the tab 510,

'The monolithic structure of the tissue anchor 500 may also include a first barb 520
imncluding a first, base end 521 and a second, free end 522, and a second barb 530 inchiding a
first, base end 531 and a second, free end 532 positioned near the distal end 512 of the anchor
body 505, The first ends 521, 531 may be joined to the anchor body 503, and the second ends
532, 533 may be free (o move (e.g., deflect) away from the anchor body S05. The barbs 520,
530 may be cut out of the anchor body 505 such that the anchor body 503 includes a first barb
opering 323 and a second barb opening 533, wherein the first barb 520 and the second barb 53¢
are located within a perimeter of the first barb opening 523 and the second barb opening 333,
respectively, when in the first position, and the second ends 522, 532 of the barbs 520, 530 may
extend outward from the openings 523, 533 when in the second position. In some cases, the first
position may be considered to be a first, pre-deployed position, and the second position may be
considerad to be a second, deploved position.

In some cases, the first barb 520 and the second barb 530 may be movable from a first
position, 11 which the barbs 520, 530 are in ahignment with the anchor body 505 {e.g., extend
along the sarve plane as the anchor body 505}, as shown in FIGS, 9A-9B, to a second position, in
which the barbs 520, 530 deflect away {rom a longttudinal axis the anchor body 503, as shown in
FIGR. 9C-90. The barbs 520, 530 may be biasad toward the second, deploved position when
unconstrained and not subjected to an external force. Thus, the barbs 520, 530 may be
configured to awtomatically transttion from the first, pre-deploved position to the second,
deploved position when external forces are removed from the barbs 520, 530. The saecond ends

522, 532 of the barbs 320, 530 may be beveled or otherwise sharpened to enable the barbs 520,
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330 to penetrate into tissue. The first barb 520 and the second barb 530 may exiend in opposite
directions, away from the longitudinal axis of the anchor body 505 in the deploved configuration,
in some instances. For example, as shown in FIGS. 9C-9D, the first barb 520 mayv extend
outward of and away from the front side 513 of the anchor body 505, and the second barb 53¢
may extend outward of and away from the back side 514 of the anchor body 305, such that a
distance D between the first ends 522, 532 may be a distance of about 0.075 inches {0 about
0.125 mnches, for example.  In some cases, the distance D may include be about 0.07S5 inches,
about 0.100 inches, about 0.125 nches, about 0.110 inches, about 0.090 inches, or any other
suitable distance. In other mstances, the barbs 520, 530 may extend from the same side (e g,
front side 513 or back side 514} of the anchor body 503 in the deploved configuration.

In some cases, the first and second barbs 520, 530 mav include dimensions {e g., length
L., thickness Ts) similar to those described above with respect {o FIGS. 7A-7C. In some cases,
the tab 510, the first barb 520, and the second barb 530 may be formed monolithically with the
anchor body S05 from a shape wemory alloy or simailar matenals with the ability to recover a
pre~defined configuration, as described above. In some cases, the {ab S10, the fivst barb 520, and
the second barb 530 may be formed from bioabsorbable or bioerodible roaterials, as described
above. Thetab 510, the first bard 520, and the second barb 330 may be heat set in the second,
deployed configuration. Thus, the tab 510, the first barb 520, and the second barb 530 may be
biased toward the second position, such that when an applied force 1s removed from the anchor
500, the tab 510, the first barb 520, and the second barb 530 avtomatically revert to the second
position,

FIGS. 10A-10B illustrate an exemplary tissue anchor 600. FI(G. 10A illustrates the ussue
anchor 600 in a first, pre~-deployed configuration 650, and FIG. 10B illustrates the tissue anchor
600 m a second, deploved configuration 660. The tissue anchor 600 may be an alternative
example of the tissue anchor 500 described above. The tissue anchor 600 may include an anchor
bodv 603 having a front side 613, a back side 614, a fivst lateral edge extending between the
front side 613 and the back side 614, an opposite second lateral edge exiending between the front
stde 613 and the back side 614, a proximal end 611, and a distal end 612. In some cases, the
tissue anchor 600 may mclude a height H of about 0.250 inches. In some cases, the tissue anchor
600 may include a height H of between about 0.200 inches to about $.300 inches, about 0.20¢

mches, about 0.175 inches, about 0.275 inches, about 0.300 inches, or any other suitable height.
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In some cases, the anchor body 605 may include a width W of about 0.040 inches and a
thickness Ty of about 0.020 inches. In some cases, the anchor body 605 may include a width W
of about 0.030 inches to about 0.050 inches, about 0.030 inches, abowt .035 inches, about
0.0375 inches, about 0.045 inches, aboui $.050 inches, or any other surfable width. In some
cases, the anchor body 605 may include a thickness T of abowt 0.010 inches 1o about 0.030
inches, about 0.010 inches, about 0.015 inches, about 0.0175 mmches, about 0.025 inches, about
0.030 inches, or any other suitable thickness,

The distal end 612 may include a distal tip 640, The distal tip 640 may be a sharp,
tapered tip, and may aid the tissue anchor 600 in piercing through an implant and nto tissue
upon deployment of the tissue anchor 600. A tab 610 may be positioned near the proximal end
611 of the anchor body 605, and may be movable from a first position, in which the tab 610 5 1n
alignment with the anchor body 605, to a second position, in which the tab 610 deflects away
from the anchor body 6035. In the embodiment shown in FIGS. 10A-10B, the tissue anchor 600
may be a monolithic structure in which the tab 610 mayv iclude a first, base end 616 which may
be attached or jomed to the anchor body 603, and a second end 617 which may be a free end,
thus free to move (e.g., deflect) away from the anchor body 605, The {ab 610 may be cut out of
the anchor body 603 such that the anchor hody 603 includes a tab opening 615, wherein the tab
610 is located within a perimeter of the tab opening 615 and lays in the same plane as the anchor
body 505 when in the first position, and the second end 617 of the tab 610 may extend owtward
from the tab opening 615 when in the second posttion. In some cases, the first position may be
considered to be a first, pre-depioved position, and the second position may be considered fo be a
second, deployed position. The tab 610 may include a width W that is not the same as the width
Wi of the anchor body 605, For example, in some cases, the width Ws of the tab 610 may be
about 0.030 inches whereas the widih W1 of the anchor body 605 may be abowt 0.040 inches.
The tab 610 may be biased toward the second. deploved position when unconstrained and not
subjected to an external force. Thus. the tab 610 may be configured fo automatically transition
from the first, pre-deploved position to the second, deploved position when external forces are
removed from the tab 610,

The monolithic structure of the tissue anchor 600 may also include a first barb 620
mcluding a first, base end 621 and a second, free end 622 positioned near the distal end 612 of

the anchor body 603, The first end 521 may be joined to the anchor body 603, and the second
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end 532 may be free to move (e g, deflect} away from the anchor body 605, The first barh 620
may be cut out of the anchor body 603 such that the anchor body 605 includes a first barb
opening 623, wherein the first barb 620 1s focated within a perimeter of the first barb opening
623, when in the first position, and the second end 622 of the barb 620 may extend ouiward from
the opening 623 when in the second position. In some cases, the first position may be considered
10 be a first, pre-deploved position, and the second posifion may be considered to be a second,
deployed position.

In some cases, the first barb 620 may be movable from a first position, in which the barb
620 1s in alignment with the anchor bodv 605 {e.g., exiends along the sarse plane as the anchor
body 603), as shown in FIG. 10A, to a second postition, in which the first barb 520 deflects away
from a longitudinal axis the anchor body 605, as shown in F1G. 10B. The barb 620 may be
biased toward the second, deployed position when unconstrained and not subjected to an external
force. Thus, the barb 620 may be configured to automatically fransttion from the first, pre-
deploved position to the second, deployed position when external forces are removed from the
barb 620. The second end 622 of the barb 620 may be beveled or otherwise sharpened to enable
the barb 520 1o penetrate info Hissue,

In some cases, the first barb 620 may include dimensions {e.g., length L, thickness T3)
stmilar to those described above with respect to FIGS. TA-7C. In some cases, the tab 610 and
the first barb 620 may be formed monolithically with the anchor body 603 from a shape memory
allov or stmilar materials with the ability to recover a pre-defined configuration, as described
above. In some cases, the tab 610, the first barb 620, and the second barb 630 may be formed
from bioabsorbable or bioerodible materials, as described above. The tab 610 and the barb 620
may be heat set in the second, deployed configuration. Thus the tab 610 and the first barb 620
may be biased toward the second posttion, such that when an apphed force is removed from the
anchor 300, the tab 610 and the first barb 620 automatically revert to the second position.

FIG. 11 iHustrates an exemplary anchor dehivery device 90, such as a tendon stapler. The
delivery device 90 may include a handle 91 coupled {0 a shaft assembly 95, The shaft assembly
95 may nclude an elongate outer shaft 96 having a longitudinal axis. The handle 91 may include
a variety of components which are designed to manipulate an actuation assembly (not shown}
focated in the outer shaft 96. The outer shaft 96 may nclude a humen 98 extending therein o 3

distal end 87 of the elongate outer shaft 96. The outer shaft 96 may inchide one or more tines 97
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extending away from the distal end 87 of the outer shaft 96. The tines 97 may extend parallel 1o
a central longitudinal axis of the cuter shaft 96 in some instances. Although 1t 5 not fully shown
in FIG. 11, the actuation assembly mav be positioned within the lumen 98 of the outer shaft 96.
The actuation assembly may include an actuation pusher 88 which extends within the fumen 9%
of the outer shaft 96 and mnto the handle 91,

FIG. 11 further illustrates that the handle 91 may include an actuation mechanism, such
as alever 94 and a thumb tngger 93 for actuating the actuation pusher 88, While the actuation
mechanism 1¢ illustrated as including a lever and a thumb ingger, i1 is noted that other forms of
actuator may be utilized for the actuation mechanism to manipulate the actuation pusher 88
during use. For instance, in some instances the actuation mechanism may include only one of a
fever or thurmb trigger. 1t can be appreciated that the handle 91 may be designed such that a
clinician may grasp the handle 91 with one hand and actuate both the lever 94 (via squeezing)
and the thumb trigger 93 (via manipulation with the thumb of the grasping hand}.

The delivery device 90 may include a tissue anchor magazine 99 coupled to the elongale
ouler shaft 96, The tissue anchor magazine 99 may house a phlurality of tissue anchors 700a,
700b, 700¢, 700d, 700e, 7001, 700g, 700h (hereinatier generally referenced as tissue anchors
700} The tissue anchor 700a may be considered to be a leading one of the plurality of tissue
anchors 700, The tissue anchors 700 may be an example of tissue anchors 100, 200, 300, 400,
300, 600, described above. Using the tissue anchor 700z as an example, the ussue anchors 700
may each include proximal end 701, a distal end 702, a front side 703, and a back side 704, The
fissue anchors 700 may be arranged sequentially within the tissue anchor magazine 99 in a first,
pre-deploved configuration {as described abave with reference 1o tissue anchors 100, 200, 300,
400, 500, 600). Thus, the tissue anchors 700 may be arranged within the tissue anchor magazine
99 such that the back side (e.g., back side 704} of the leading one (e.g., 700a) of the plurality of
fissue anchors 700 1s facing the front side of an adjacent one of the plurality of tissue anchors
700 {e.g., tissue anchor 700b). Adjacent ones of the plurality of tissue anchors 700 are similarly
arranged with the back side of one tissue anchor facing the front side of an adjacent tissue anchor
700. The leading one 700a of the plurality of tissue anchors 700 may be nested within the lumen
98 of the elongate outer shaft 96 and be aligned along the longitudinal axis of the outer shaft 96
and/or pusher 88 prior to deplovment. The front side of the adjacent one of the plurality of tissue

anchors 700 may face the longitudinal axis of the outer shaft 96 and/or the pusher 88, and may
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move toward the longitudinal axis after deployment of the leading one 700a of the plurality of
tissue anchors 700, While it 15 shown that there are eight tissue anchors 700 within the tissue
anchor magazine 99, it may be contemplated that the tissue anchor magazine 99 may include
four tissue anchors, six tissue anchors, ten tissue anchors, fwelve fissue anchors, or any other
suitable number of tissue anchors.

The actuation pusher 83 may be positioned within the elongate ouler shaft 96, and
actuation of the actuation mechamsm (e.g., trigger 93 and/or lever 94) may actuate the pusher 83
to move along the longitudinal axis of the elongate outer shaft 96 to engage the proxamal end 701
of the feading one 700a of the plurality of tissue anchors 700 to deploy the leading one 7003 of
the plurality of tissue anchors 700 from the distal end %7 of the elongate outer shaft 96, The
actuation assembly {e g.. actuation mechanism, pusher 88} may be configured fo deploy the
leading one 700a of the plurality of tissue anchors 700 in a distal direction from the distal end &7
of the elongate outer shaft 96, Upon deplovment, the leading one 700a of the plurality of tissue
anchors 700 transttions from the {irst, pre~-deployed configuration, to the second, deploved
configuration {(as described above with reference to tissue anchors 100, 200, 300, 400, 500, 600).
Further, upon deplovment of the leading one 700a of the plurality of tissue anchors 700, the
plurality of tissue anchors 700 remaining mn the tissue anchor magazine 99 may shift toward the
longitudinal axis of such that another one of the plurality of tissue anchors 700 moves within the
timen 98 of the elongate outer shaft 96 for subsequent deplovment from the elongate outer shaft
96,

FI1G. 11 further illustrates that the delivery device 90 may include a biasing member, such
as a spring &9 disposad within or coupled to the tissue anchor magazine 99, The spring 89 or
other biasing member may be designed 1o exert a force on the back side of a last tissue anchor
{e.g., tissue anchor 700h} of the plurality of tissue anchors 700 which shifts the tissue anchors
700 toward the longitudinal axis of the outer shaft 96 upon deplovment of the leading one of the
plurality of tissue anchors 700. Thus, when the leading one 700a of the plurality of fissue
anchors 700 has been deploved, the adjacent tissue anchor {e.g., tissue anchor 700b) moves
within the fumen 98 of the elongate outer shaft 96 and may be ready for deployment, wherein
upon retraction of the pusher &8 proximally, the pusher 88 may engage a proximal end of the
tissue anchor to deploy the next tissue anchor {e.g., tissue anchor 700b}. It can be appreciated

that the sequence of steps described with respect FIG. 11 may be repeated to sequentially deploy
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and reload multiple tissue anchors without having to reload and/or remove the delivery device 90
from the patient.

As discussed above, a chinictan may actuate an actuation mechanism, such as the trigger
93 or the lever 94, which may mitiate the actuation of the spring 89 thereby shifting each of the
plurality of tissue anchors 700 from the tissue anchor magazine 92 into the lumen 98 of the outer
shaft 96, in succession. Upon release, the spring 89 may expand, thereby laterally shifting the
fissue anchors 700, and the lead one 700a of the phuality of tissue anchors 700 into the outer
shaft 96, The actuation of the actuation mechanism may further marnipulate the pusher 8%
distally to engage with the proximal end 701 of the tissue anchor {e.g., fissue anchor 700a) to
shift the leading one 700a of the plurality of tissue anchors 700 distally, out of the distal end 87
of the outer shafl 96 1o deploy the leading one 700a of the plurality of tissue anchors 700,

FIG. 12 iHustrates a tendon 801 with an implant 405 fixed thereto using an exemplary
tissue anchor 800. The fissue anchor 800 will be further described in FIGS. 13A-13B. The
implant 805 may include various sheet-like structures. For example, the sheet-like struchire may
include a plurality of fibers in which the plurality of {ibers may be interlinked with one another.
In such cases, the sheet-like structure may include a plurality of apertures comprising the
interstitial spaces between fibers. As shown in FIG. 12, the tissue anchor 800 may be used to
affix the implant 805 to the tendon 801

FIGS. 13A-138 iliustrate a perspective view of the tissue anchor 800 and a bottom view
of the tissue anchor 800, respectively. The tissue anchor 300 may include an anchor body 810.
The anchor body 810 may include a flat surface. The flat surface of the anchor body 810 may be
a planar surface arranged perpendicular to a longitudinal axis of an outer shaft of a deployment
device {as discussed in FIG. 14} when loaded therein. 1t can be apprecialed that the flat surface
of the anchor body 810 may define a portion of the tissue anchor 800 for which a pusher (sinular
1o pusher 88) may engage with the tissue anchor 800 (o deploy the tissue anchor 800. The tissue
anchor 800 may further include a first arm 8204, a second arm 820b, and a third arm 820¢. The
arms $20a, 820b, 820c may be symmetrically arranged about the anchor body %10, For example,
the arms 820a, 820b, 82(¢c may be positioned 120 degrees from each adjacent arm. In some
cases, the arms 820a, 820b, 820¢ mayv be asymmetrically arranged around the anchor body 810.

The first arm 820a may include a proximal end 821a and a distal end 822a, the second

arm 820b may include a proximal end 821h and a distal end 822b, and the third arm 820¢ may
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include a proximal end 821¢ and a distal end 822¢. The proximal ends 821a, 821b, 821c may be
coupled 1o the anchor body 810, and the first arm 820a, the second arm 820b, and the third arm
820¢ may extend distally from the anchor body 810 to the distal ends 822a, 822b, 822¢,
respectively. The proximal ends 821a, 821b, 821c may be coupled to the anchor body 810 via

heat, laser, or sonic welding

0

miection molding, adhestve, or any other suifable method of

attachment. In other instances, the arms 820a, 820b, 820¢ may be integrally formed with the

anchor body 810 and extend therefrom such that the anchor 800 is a monolithic structure
ncluding the anchor body 810 and the arms 820a, 820b, 820c¢ attached or joined thereto.

In some cases, the distal end 8223 of the first arm 820a may also include a first prong
#30a, the distal end 822b of the second arm 820b may include a second prong 830b, and the
distal end 822¢ of the third arm 820c¢ may include a third prong 830¢. The prongs 830a, 830b,
%30c¢ may each inchude a disial end 824a, 824b, 824¢ and a proximal end 825a, 825h, 825¢,
respectively. In some cases, the distal ends 824a, 824b, 824c may be pointed {e.g., a sharpenead,
beveled tip) to help pierce tissue upon deployment of the tissue anchor 800, Tn some cases, the
prongs 830a, 830b, 830¢ may each mmchude a first projection 832a, 832b, §32¢ and a second
projection 833a, 833b, 833¢, on each of the first proung 830a, the second prong 830b, and the
third prong 830c, respectively. The first projection 832a, 832b, 832¢ and the second projection
833a, 833b, 833¢, on each of the first prong 830a, the second prong 830b, and the third prong
830¢, respectively, may extend out and away from the first arm 8204, the second arm 820b, and
the third arm 820c, respectively. Having the first projection 832a, 832h, 832¢ and the second
projection 833a, 833b, 833¢, on each of the first prong 8304, the second prong 830b, and the
third prong 830c, respectively, extend owt and away may permit the tissue anchor 800 o engage
with tissue, such as tendon tissue, after the tissue anchor 800 is deployed through an implant and
into the tissug, such as tendon fissue.

FIGS. 13A-138 further dlustrate that the frst projection 832a and the second projection
833a of the first prong 830a may deline a first notch 8344 positioned between the frst projection
#32a and the second projection 833a, the first projection 832b and the second projection 833b of
the second prong 830b may define a second notch 834b positioned between the first projection
%32b and the second projection 833b, and the first projection 832¢ and the second projection

833c of the third prong 830c may define a third notch 834¢ positioned between the first

projection 832¢ and the second projection 833¢.

36



10

15

20

30

WO 2024/025822 PCT/US2023/028455

The prongs 430a, 830b, 830¢c may each include an aperture extending therein, as depicted
by dashed lines extending from the distal ends 824a, 824b, 824c¢ to the proximal ends 825a,
825b, 825¢ of each of the prongs 830a, 830b, 830¢, respectively. For example, a first aperture
831ais located in the first prong 830a, a second aperture 831b is located in the second prong
830b, and a third aperture 831c¢ is located in the third prong 830c¢. In some cases, the apertures
831a, 831b, 831c may open out on a distal surface at the distal ends 824a, 824b, 824¢,
respectively, and the apertures 831a, 831h, 831¢ may open out on a proximsal surface at the
proximal ends 825a, 825b, 825¢ of the prongs 8304, 830b, 830¢, such that the apertures 8314,
831b, 831¢ extend enturely through the prongs 830a, 830b, 830¢. Tu some cases, the apertures
831a, 831h, 831c may not extend entirely through the prongs 830a, 830b, 830c¢, but rather may
be a blind hole extending into but not through the prongs 830a, 830b, 830¢. The apertures 831a,
%31b, 831¢ may each be configured {0 receive a tine of a tissue anchor delivery device therein.

Although the various parts of exemplary tissue anchor 300 are depicted in relative
proportion to other parts of tissue anchor 800, other configurations in size and onentation of the
varipus parts are also contemplated in other examples.

FIG. 14 dlustrates a portion of an exemplary anchor dehivery device 900, To pariicular,
FIG. 14 ilustrates a shaft assernbly 960 of the anchor dehivery device 900, The shali assembly
960 may include a portion of the anchor delivery device 900 which extends distally away from a
handle. Additionally, FIG. 14 illustrates that the shaft assembly 960 may include an elongate
outer shaft 962, which may be an elongate tubular member. The outer shaft 962 may include an
outer surface and a lumen extending therein. Additionally, a distal end region 964 of the outer
shaft 962 may include a distal face 963. The distal face 963 may include a surface of the outer
shaft 962 which 1s substantially perpendicular to the longitudinal axis of the outer shaft 962,

Addittonally, FIG. 14 illustrates that the shaft assernbly 960 may inchide a plarality of
fines 961a, 961b, 96¢ic extending distally from the distal face 963, Collectively, the pluraluty of
fines 9614, 961b, 961c may define a passage through which a tissue anchor (e.g., tissue anchor
800) may pass through as the tissue anchor 1s deploved out of the outer shaft 962 between the
tines 961a, 961h, 961c. Further, the plurality of tines 961a, 961b, 961¢ may be designed such
that thev create a pilot hole within the target site tissue. For example, after a clinician aligns the
distal end region 964 of the shaft assembly 960 along an implant (e.g., implant 805}, the clinician

may apply a force to the outer shaft 962 such that the plurality of tines 961a, 961b, 961¢ pierce
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through the implant and mto the target site (e.g., tendon tissue), thereby creating a pilot hole for
which a tissue anchor (e.g., staple} may be inserted.

FI1G. 14 tliustrates that the plurality of tines 961a, 9261b, 961¢ may include curved sides
{(e.g., concave surfaces facing the opposing tines 961a, 961b, 961¢ of the plurality of tines 961a,
961b, 961c}) and a pointed end. In some examples, the curved sides of the plurality of tines 961a,
961b, 961c may be configured to mate with curved sides of a variety of example tissue anchors,
In different examples, the plurality of tines 961a, 961b, 961 ¢ may take various shapes, such as
spikes, spears, prongs, or other shapes. Whatever shape the plurality of tines 961a, 961h, 96ic
may take, thev may generally have pointed distal ends for piercing tissue or bone.

‘The tissue anchor 800 may be loaded within the outer shaft 962 of the shaft assembly 960
such that the arms 820a, 820b, 820c¢ of the tissue anchor 800 are aligned with the tines 961a,
961h, 961¢, respectively. The shaft assembly 960 of the anchor delivery device 900 may also
include a pusher {not shown) to deploy the tissue anchor 800 from the anchor delivery device
900, The pusher may include fivst, second, and third tines circumferentially aligned with the
arms 820a, 820b, 820¢ such that the first, second, and third tines of the pusher extending into or
through the apertures §831a, 831b, 831c, respectively. Engagement of the tines of the pusher with
the apertures 83 1a, 831b, 831c may assist in onenting the tissue anchor 800 and/or advancing the
tissue anchor 800 into tissue.

Tissue anchors 100, 200, 300, 400, 500, 600, 800, may be made from a metal, metal
allov, 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 polyietraflucroethylene (PTFE}, ethylene tetrafivoroethyiene
(ETFE), fluorinated ethyvlene propvlene (FEP), polyosvmethylene (POM, for example,
DELRIN® available from DuPont), polvether block ester, polyurethane (for example,
Polyurethane 85A), polypropyliene (PP), polyvinvichlonde (PVC), polyether-ester (for exanple,
ARNITEL®R available from DSM Engineering Plastics), ether or ester based copolymers (for
example, butvlene/polv{alkylene ether} phthalate and/or other polyester elastomers such as
HYTREL® available from DuPont), polvamide (for example, DURETHAN®R available from
Bayer or CRISTAMID® available from EIf Atochemy), elastomeric polyamides, block
polvamide/ethers, polyether block amide {PEBA, for example available under the trade name

PEBAX®}, ethylene vinyl acetate copolymers (EVA), silicones, polvethylene (PE), MARLEX®
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high-density polyvethylene, MARLEX® low-density polvethviens, linear low density
polyethylene (for example REXFLL®}, polyester, polvbutylene terephthalate (PBT),
polyethylene terephthalate (PET), polvirimethylene terephthalate, polyethylene naphthalate
{PEN]}, polyetheretherketone (PEEK], polyinude (P, polyetherimide (PEID), polvphenyiene
sulfide {PPS}, polyphenyiens oxide (PP}, poly paraphenviens terephthalamide (for example,
KEVLAR®}, polysulfone, nylon, nyvlon-12 (such as GRILAMID® available from EMS
American Grilon), perfluoro{propyvl vinyl ether) (PFA}, ethviene vinyl alcohol, polyolefin,
polystvrene, epoxy, polvvinylidene chlonde (PVAC), polv(styrene~-b-isobutylene-b-styrene) (for
example, SIBS and/or SIBS 50A), polvcarbonaies, wonomers, biocompatible polymers, other
suitable materials, or mixtures, combinations, copolymers thereof, polymer/metal composites,
and the like. In some embodiments the sheath can be blended with a liquid crystal polvmer
{(LCP). For example, the muxture can contain up {0 about 6 percent LCP.

In some embodiments, the tissue anchors 160, 200, 300, 400, 500, 600, 800, or portions
thereof, may be made from bioabsorbable or bicerodible materials. Examples of suitable
bicabsorbable or biocerodible matenials may include bioabsorbable polymers {e.g., polylactic acid
(PLA), poly-L-lactic acid (PLLA), polv{lactide-co-glveohide) (PLGA), polv-L-lactide-DL-lactic
acid (PLDLY) or a bicerodible metal {e.g., magoesium alloy).

In some embodiments, a degree of Magnetic Resonance Imaging (MRI) compatibility is
unparied into the tissue anchors. For example, tissue anchors 100, 200, 300, 400, 500, 600, 800,
or portions thereof, may be made of a material that does not substantially distort the image and
create substantial ariifacts (i.e.. gaps in the image}. Certain ferromagnetic materials, for
example, mav not be suitable because thev may create artifacts in an MRI image. Tissug anchors
100, 200, 300, 400, 500, 600, 800 or portions thereof, may also be made from a material that the
MRI machine can image. Some matenals that exhibit these characteristics inclade, for example,
fungsten, cobali-chromuuntmolyvbdenum allovs (e.g., UNS: R30003 such as ELGILOY®,
PHYNOX®, and the hike), nickel-cobalt-chromium-molybdenum allovs (e.g, UNS: R30035
such as MP35-N® and the like), nitinol, and the like, and others.

It should 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 it is

appropriate, the use of any of the features of one example embodiment being used in other
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embodiments. The invention's scope is, of course, defined in the language in which the

appended claims are expressed.
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What s claimed s

i A tissue anchor comprising:

an anchor body having a proximal end and a distal end, whergin the distal end includes a
distal tipy;

a tab positioned near the proxamal end of the anchor body, wherein the tab is movable
from a first position to a second posttion; and

a first barb positioned near the distal end of the anchor body, wherein the first barb is
movable from a {irst position to a second positiong

wherein the first barb is biased toward the second position, such that when an applied

force is removed from the first barb, the first barb automatically reverts {o the second position

2. The tissue anchor of claim 1, wherein the first barb is in alignment with the anchor body
when i the first position.
3 The tissue anchor of claim 1, wherein the first barb deflects away from the anchor body

when in the second position.

4. The tissue anchor of claim 1, wherein the tab 5 1n alignment with the anchor body when

in the first position,

s. The tissue anchor of claim 1, wherein the tab deflects away from the anchor body when

in the second position.

&, The tissue anchor of claim 3, wheremn the tab is biased toward the second position, such
that when an apphied force 1s removed from the tab, the tab automatically reverts to the second
position,

7. The tissue anchor of claim 1, wherein when the tab is in the second position and the first

barb is in the second position, the tab deflects away from the anchor body in a first direction and
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the first barb deflects away from the anchor body in a second direction different from the first

direction.

8. The tissue anchor of claim 1, wherein a second barb is positioned near the distal end of
the anchor body, wherein the second barb includes a first position in which the second barb is in
alignment with the anchor body, and a second position in which the second barb deflects away

from the anchor body,

g, The tissue anchor of claim 8, wherein the sscond barb 1s biased toward the second
position, such that when an applied force is removed from the second barb, the second barb

automatically reverts to the second position.

10. The tissue anchor of claim 8, wherein the first and second barbs are located on opposite

stdes of the anchor body.

it The tissue anchor of claim 1, wherein the fissue anchor 18 a monolithic structure and the
{ab mncludes a first base end and a second free end, the first base end being joined to the anchor
body, and the first barb includes a first base end and a second free end, the first base end being

joined to the anchor body.

12, The tissue anchor of claim 1, wherein the first barb is cut out from the anchor body such
that the anchor body imcludes an opening, wherein the first barb is located within a perimeter of
the opening in the {irst position and the first barb extends outward from an opening in the second

position.

13, Atissue anchor delivery sysiem, the tissue anchor delivery svstem conprising:
an elongate shaft having a longitudinal axis, the elongate shatt having a lumen extending
therein to a distal end of the elongate shatt;

a tissue anchor magazine coupled o the elongate shafi;
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a plurality of tissue anchors each including a front side and a back side, the plurality of
tissue anchors arranged sequentially within the tissue anchor magazine in a first, pre-deploved
configuration; and

an actuation assembly configured to deploy a leading one of the plurality of tissue
anchors in a distal direction from the distal end of the elongate shafi;

wheretn upon deplovinent, the leading one of the phurality of tissue anchors transitions

from the first, pre~deployed configuration to a second, deploved configuration.

14, The delivery system of claim 13, wherein the plurality of tissue anchors are arranged
front-to-back within the tissue anchor magarine such that the back side of the leading one of the
plurality of tissue anchors is facing the front side of an adjacent one of the plurality of tissue

anchors.

15, The delivery system of claim 14, wherem the front side of the adjacent one of the
plurality of tissue anchors faces the longitadinal axis and moves toward the longitudinal axis

after deployment of the leading one of the plurality of tissue anchors.

16, The delivery system of claim 13, wherein the actuation assembly includes a pusher
positioned within the lumen of the elongate shaft and a trigger, wherein actuation of the trigger
actuates the pusher to move along a longitudinal axis to engage the proximal end of the leading

one of the plurality of tissue anchors to deplov the leading one of the plurality of tissue anchors.

17. The delivery system of claim 16, wherein upon deployment of the leading one of the
plurality of tissue anchors, the plurality of tissue anchors remaining in the tissue anchor
magazine shifl toward the longitudinal axis of the pusher such that another one of the plurality of

fissue anchors moves within the lumen of the elongate shaft.

18 The delivery system of claim 13, wherein each of the plurality of tissue anchors includes:
an anchor bedy having a proximal end and a distal end, wherein the distal end includes a
distal tip;

a tab positioned near the proximal end of the anchor body, and
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a first barb positioned near the distal end of the anchor body, wherein the tab and the first
barb move relative to the anchor body when transitioning from the first, pre-deploved

configuration to the second, deploved configuration.

19, A tissue anchor comprising:

an anchor body;

a first armo having a proximal end and a distal end, a second arm having a proximal end
and a distal end, and a third arm having a proxiroal end and a distal end, wherein the proximal
ends of the first, second, and thard arms are coupled to the anchor hody and the first, second, and
third arms extend distally from the anchor body;

a first prong connected to the distal end of the first arm, the first prong having an aperture
extending therein;

a second prong connected to the distal end of the second arm, the second prong having an
aperture extending therein, and

a third prong connected to the distal end of the third arm, the third prong having an
aperture extending therein;

wherein the first arm, the second arm, and the thurd arm are syrometrically arranged about

the anchor body.

20 The tissue anchor of claim 19, wherein a distal end of the first prong is poinied, a distal

end of the second prong is pointed, and a distal end of the third prong is pointed.
21, The tissue anchor of claim 19, wheremn the aperture of the first prong, the aperture of the

second prong, and the aperture of the third prong are each configured 1o receive a tine of a tissue

anchor delivery device therein.

44



1/16

PCT/US2023/028455

WO 2024/025822

e
N aane

2

t
%\
™\
.
i
RN
N\\
2
S

st TP,
i T
o 5
Sy
S\‘\‘ i
St A%

ine;

i

FIG. 1

FIG. 2



2/16

WO 2024/025822 PCT/US2023/028455




3/16

WO 2024/025822 PCT/US2023/028455

200
\ 250
e s i e
211 z2 7/
Tt 218
—310
2418 24 4t
0z i
T 213
217 2321
220
232 H
230—1 bo
205~
220~ 23t~ i | 221
Tg—-—--au-é ot
R -nu-wT'S
2324 | ]
212 240 212" \‘240



4/16

WO 2024/025822 PCT/US2023/028455

213

Ho 230~ |
Y
v .y

232"

221




WO 2024/025822

21t

217

213

/~20Q

-260
}/

210

205

232— T
23a~->\

220

FIG. 68

_;2§j-222
~220

23

5/16

PCT/US2023/028455
//’200
21$\\ 4 }frzsa
248 21 ﬁ\
\f::::::::}~~21?
214
213
205
232~ fr——231
230— | | b—220
231 1 Mo
212~ \\m240



6/16

WO 2024/025822 PCT/US2023/028455




7/16

WO 2024/025822 PCT/US2023/028455

313~ 305

" 32 ,3320 330

320~ BN / %
\ L2
N
m Y

324 /\\.331
340 -

3127 312~ \--340

FIG. 78 FIG. 7C



8/16

WO 2024/025822 PCT/US2023/028455

413
422

433




9/16

WO 2024/025822 PCT/US2023/028455




10/16

WO 2024/025822 PCT/US2023/028455

; /530
550
514
{ | 510 \_ ’/
| 505
+—513 594
533 543
532 505
1)
/ﬁssi
512/’/ \~540

FiGs. 98



WO 2024/025822

543—

8§23

£22~

515~

520

—510

—505

533

532
530

11/16

PCT/US2023/028455

531"

{2~

-521




WO 2024/025822

/

812 Kﬁé@ﬁ

FiG. 10A

G110
805

—-G13

623

—822

+——820

621

12/16

PCT/US2023/028455

-660
16 810
B mp ) g /e
{ E"'“TZ
------------------------- ALl
e VT
] .
61— | _c1a 517
605
522
H
£20
T3
ezt
giz—" \\64@

FIG.

108



13/16

PCT/US2023/028455

-87
/

e 703
o ‘\ ,701 ,/;?m’,»mz 7 o7

WO 2024/025822
51
g2 93\\ / 95
2 # A
- TR vy VNSO e i
b M:w«'“‘“”' e
\m‘"\
N-g4

FiG, 1




14/16

WO 2024/025822 PCT/US2023/028455

N
©

805- >

FIG. 12



15/16

WO 2024/025822 PCT/US2023/028455

sz2a—" | | B33 g 8320 \ s wﬁéﬁms
82@&;} T J i{\\jgggsa —831¢ 833¢
\4\33%
4 \\331&;

FiG, 13A FIG. 13B



16/16

WO 2024/025822 PCT/US2023/028455




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings

