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SURGICAL SUTURE SYSTEM, TISSUE RESTRAINT/SUTURE
CAPTURE AND TISSUE ANCHOR

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates generally to surgical apparatus and methods for repair of tom

 tissue, and more particularly to a system, components thereof, and method for arthroscopic and

other surgical repair of torn tissue and tissue reattachment by providing the system for suturing
and anchoring the torn tissue together against other tissue substrates, or for attaching tissue to
medical, veterinary and dental implants.

Description of the Related Art

The rotator cuff is composed of four tendons that blend together to help stabilize and
move the shoulder. When a tear occurs in the rotator cuff of the shoulder, it is often necessary
to reattach the torn tendon or tendons to the bone of the humeral head. In a common prior art
rotator cuff reattachment technique, the torn cuff is punctured by a punch, and prethreaded
suture anchor screws (soft tissue fasteners) are drilled into the head of the humerus bone and
the sutures threaded through the anchor screws are passed through the cuff in a difficult
procedure using suture relay devices to pass the sutures through the tissue. After the suture
strands are passed through the tissue, they are knotted and tied together to secure the
reattached rotator cuff to the humerus head (knotted-technique). Other types of prior art suture
anchors are cylindrically shaped members that are pressed into holes drilled into the bone and
engage the cancellous mass surrounding the drilled hole and apply friction to hold the suture in
place.

Many anchor/suture devices require knots to be tied, which is difficult with minimally
invasive surgery and having a "knotless” solution is an advantage in these situations. It is
desirable to have an engineered suture/capture construct that does not use friction to hold the
suture in place, a technology employed and found in most of tdday‘s "knotless" tissue repair
devices. Furthermore, a knotless device is desirable that does not crimp, crush, pinch or

 interfere with the suture with a friction type hold, which will avoid potential damage to the

suture.

In my prior U.S. Patent 6,491,714, an apparatus and method for arthroscopic repair of

SUBSTITUTE SHEET (RULE 26)
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torn tissue such as a rotator coff was taught wherein torm tissue such as a rotator cuff is
positioned on the bone exterior by a tissue grasper. A cammula is ingerted through the skin
substantially o the tom tssue. A dnll puide is inserted into the cannula, a dnll bit i inserted
o the dril guide, and a hole is drilled through the fom tissue and completely through the
bone. The drill it is removed and an fner cannula is passed through the drill guide until its
distal end ¥s engaged on the torn tssue or alternatively passed through the hole antil 1is distal
end ix at the far end of the drilied hole. A soft tissue anchor having expandable wings at its
distal end and sotures secured (o an evelet at its proximal end 15 releasably connecied to the
distal end of a wibular deplovment tool with the free ends of the swtures exiending through the
deployment tool,

The deplovment tool 1s passed through the iner cannula and a hole 1s drilled watil the
expandable wings clear the far end of the hole, a sufficient distance to allow the wings 1o
expand 1o a diameter larger than the diameter of the drilled hele. The deplovment tool, inner
cannuia, drill guide and cannuia are removed and tension is applied to the sufure to engage the
expanded wings of the anchor ot the exterior surface of the bone surrounding the dnilled hole.
A batton i3 run down on the sutures through the cannula and secured on the torn tissug by the
sutures such that the torm tissue is secured to the bone and the sutures are anchored to the hard
extertor surface of the bone by the expanded anchor,

Unlike conventional soft tissues anchors which are anchored i the cancellous bone
mass bensath the near cortex of the bone. the ‘714 teaching in one embodiment provides a
suture anchor which 1s engaged on the exterior of the far cortex of the bone and completely
bypasses the cancellons bone mass. The cortex of the bone is mwch less susceptible to
ostenpenia than the cancellous interior of the bone. The swtures are passed through the tissue
when the anchor is set. and thus the difficult procedural step and use of devices such as
punches and suture relays to pass and tie the sutures through the tomn tissue 1s ehninated.

Calibrated markings on the '714 deplovment system allow for precise nweasurament of
the far cortex and precise measurement of the depth of insertion and engagement of the anchor
device on the far cortex, such that structeres bevond the cortex are not violated, and the buiton
hold-down feature ehminates the traditionally difficult arthroscopic tving technigues.

In another broader aspect of the 714 invention, the surgical apparatus includes any form
of a tissue subsirate anchor of a conventional well-known structure, an elongated suture
mernber securable at sis proximal end {o the anchor, and a separale 1om tissue retwner which

tockably engages as desired along the length of the suture member. The suture member
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extends through the tom tssue from the anchor and the tissoe substrate. The torn tissue
retainer 18 movable along the length of the exposed portion of the suture member untif i is
tightly positioned against the tomn tissue and awtomatically focked in that position by non-
reversible lockable engagement with the sufure member. A separate tissue gripping member
formed preferably as a semi-flexible plate or dige having a substantiglly larger surface area
than the tissue retmner is also provided for enhanced retention of the torn tissue in place
against the outer surface of the tissue substrate.

Still another broad aspect of this 714 wvention is divected to a surgical apparatos which
mcludes an integrally formed tissue subsivale anchor having an slongated suture member
formed as a unit therewith, A separate disc-shaped retainer fockingly engages with the
axposed distal end of the suture portion al anyv destred pomnt along the suture interlocking
portion. The tissue retamner is therefore moveable along the length of the exposed engaging
members of the suture member for tghteming the tissue layver agamst the tissue substrate. A
tear such as that found within a torn meniscus may be reconnected uwiilizing this embodiment
of the mvention.

Currenily, sofi-tissue fixation products that utilize "knot-less” technology and screws
rely on an "interference-fit" for holding power between the screw and bone. In general, non-
screw anchors have a pullout strength near 200 newtons, and screws can have upwards of 400
newtons of pullout strength.

The present disclosure allows for the introduction of a revelutionary fvpe of anchor for
soft-tissue fixation to bone. Screws, as opposed fo hoob-tvpe anchors, have the sirongest
puliout strength. Moreover, this disclosed technology will indroduce iis technology to serews,
thereby mavimizing pullout strength capabilities i this $issue repal sCcenayio, 4 SCERATIO,
which presently, can have failure secondary to the pullout of the anchor, slipping of the suture.
breakage of the suture secondary to the erimping effect of the friction technology or complete
svstem displacement.  Additionally this presently disclosed suture/capture construct will be
mtroduced to other types of medical, veterinary and dental fmplants and, when nudtiple
captures are used with one soture, tissae o tissue lock with the capture iself acting as a tissue
anchor or restraint will be provided.  Specifically, one member of the suture will attach to
serews to allow for a ratcheting of the suture member through the suture capture or retainer or
suture anchor, thereby creating a very strong construct,

The tradibional repair of soft tissue requires sulures to be passed through the tissue. A

knot is tted, whuch holds the torn ussue together, allowing for healing. Minimally mvasive
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surgical techniques are bemng utihzed through “botton-hole” size incisions.  Swrgery i
performed with mstruments that pass through cannulas (like drainage calverts or pipes). Knots
that would be utilized for this type of repair are tied and must be shd down through these
cannuias, This technigue can be difficalt, resudt inadeguate repair sirength, provide for poor
tissue approximation, for some surgeons, H may result in an inability 10 proceed with a
nunimally invasive approach secondary to the advanced techmical difficulty, and finally, can
add significant operative time fo surgical procedures. Based upon the present disclosure, a
"pipe-hine” of products will be created wsing knot-less, setf-locking mterface ag a technology
development platform for all types of tom medical, veterinary or dental tissue and for atiaching
all tvpes of tissue to medical. veterinary or dental implants.

The foregoing examples of the related art and himitations related therewith are intended
to be iHustrative and not exclusive. Other limitations of the related art will become apparent to

those skilled in the art upon a reading of the specification and a study of the drawings.

SUMMARY OF THE INVENTION

The present disclosure is broadly directed to a surgical suture system for tissue repair
and reattachment of forn tissue to a tissue substrate found in the medical, velerinary or dental
domains, medical. veterinary or dental prosthesis or medical, veterinary, dental implants. The
svstemy includes an elongated Hexible suture member having a plurality of longitudinally
spaced protuberances along a length thereof, and uttlized in conjunction with a suture capture,
which can be utilized alone or m plurality with one suture or in conjunction with anv of a
phurality of tssue engaging members such ag sufire tissue restramts, anchors, and medical,
veterinary or dental implants, each including uniquely configured locking apertures sized to
recetve the suture member passed therethrough to allow longitudinal movement of the suture
mamber i only one direction through the locking apertures for suture member tightening and
retention.  Tissue engaging anchors structured to securely receive one or more of the suture
tissue restrasds or suture captures etther before or during a surgical procedure.

For the purposes of this disclosure, the terms "tissue restrant” or "suture capture”,
alone or combined as tissue restrain/soture capture means a disk-shaped device for one-way
focking engagemient with a Hexible swrgically iiplantable sutwre having spaced apart
protuberances, preferably beaded. When referred to as a Gssue-restraint, the device i3 being

used 1o restrain tissue by the tensioning of the suture between the device and another anchor or
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restraint means. When referred (o as a "capture”, the device is being secured Lo a tissue implant
or anchor or surgically implantable device such as a pacemaker or prosthetic for tensionable
focking engagement with a seture. The term "construct” refers to the combination of a tssue
restraindsuiurg capiure, a sufwe, and a medical, valerinary, or dental implant wherein the tissue
restrain/suture capture and the anchor or implant are independent or secured together.

The focking apertore of the tissue restram/suture capture provides for lugher resistance
on the exit side of the focking aperture and lower resistance on the entrance side of the locking
aperture.  The suture casily passes through the entrance to the locking aperture of the tissue
restrain’suture caphwe and leaves through the exit side of the locking aperture, both allowing
the suture to travel forward m a "Go" direction. The distinet design prevents the suture from
travelling in reverse or pulled backward from the entrance o the locking aperture in a "No-
GEO" direction. In addition, the suture cannot travel through the locking aperture from the exit
side to entrance side without complete suture farlure. The purpose is to maximize the forees in

Aol

the "No-Go" direction, while mininuzing the forces m the "GO direction {0 create as large a
differential s possible. Maxinmuzing this differential does two things: firstly. 1 allows the
sutare to easily pass through the locking aperture in the "GO® direction with manimal force
which reduces or eliminates kinking or crimping of the suture. If greater forces were ulilized
n an attempt to repair the vssue, the force of pulling the suture through the locking aperture,
might tear tissug or pull the implant away from the tissug, and secondly, maximizing the "NO-
GO" forces allows the tissue restramveapture to hold tissue with forces approaching the
strength the sature itself. This disclosed technology confers at feast a 1.5:1 "NO-GO":GO ratio
and has approached ratios exceeding a 5:1 ratio. This desige of the lissue restraint/suture
capture allows these ratios o remain constant despite the sive of the tissue restrant/suture
capture. Sizes of 4.5mm, Toun, 10mn and 20 mun i diameter are provided. which increases
the "NO-GO" and 'Go" forces, however, the ratto between these various sizes typically
rematrng simifar and not imated to these sizes alone.

It 15 therefore an object of this mvention o provide a surgical suture svstem for Hssue
repair and reattachment of tom tissue logether, to a tissue substrate or medical, veterinary or
dental implant.

A broad aspect of this disclosure provides for the reattachment of any tforn or damaged
tissue or artificial tissue o any form of tissue substrate or together by the use of a uwniguely
configured tissue restramt/soture captwre used alone or with other forms of tissue vestraints, the

tissue restraint/suture capture having a vnigue locking aperture arvangement for receiving a
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suture having spaced apart protuberances along the length of the suture.  The tissue
restran/swture capture 1s configured for movement of the suture siself through the locking
aperture in only one direction so that any tightening movement of the suture within the tissue
restraint/soture capture is focked from reverse moveament thergbetween,

The following embodiments and aspects thereof are described and illustrated n
corjunction with systems. tools and methods which are meant to be exemplary and ilhustrative
and not limiting in scope.  In varous smbodiments one or more of the above described
problems have been reduced or eliminated while other embodiments are directed to other
improvements.  In addition to the exemplary aspects and embodiments described above,
further aspects and embodiments will become apparent by reference to the drawings and by

study of the following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference should
he made to the following detailed description taken in connection with the accompanving
drawings in which:

Figure 1 is a perspective view of a preferred embodinient of a tissue restramt/suture
caplure.

Figure 2 1s a perspective section view of the tissue restraint/suture captare of Figure 1

Figure 3 s an elevation view ol Figure 2 showing a beaded suture 40 secured within
the tissue restramt/suture captige 14

Figure 34 15 an elevation view similar to Figure 3 showing a beaded suture 40 passing
through the tissue restraint/sulure capture 10.

Figure 3B 13 an elevation view similar to Figure 3 showing a beaded suture 40 resisting
a force from the tissue resiraint/suture captuve 1,

Figure 4 15 an elevation view of Figure 1.

Figure 5 is a top plan view of Figure 1.

Figure 5A is a top plan view sumilar to Figure 5 showing a beaded suture 48 passing
through the tissue restrant/suture capture 10,

Figure ¢ is a bottom plan view of Figure 1.

Figwre 7 i3 a perspective section view of a suture anchor configured to receive the
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tissue restramnt/suture capture 10 of Figure 1

Fraawes 8 to 10 are side elevation section views of other embodiments of the suture
anchor showing the Hssue restraint’sulure captore 10 of Figure 1 lockingly engaged with the
beaded sature 40,

Figures 11 and 12 are top plan section views of other embodimernts of the suture anchor
showing alternate embodiments of the Ussue restraintsuture capture of Figure 1 fockingly
engaped theretn,

Figures 13 and 14 are broken elevation section views of the enlarged ends of other
embodiments of the sulure member showing alternate embodiments of the Hasue
restraint/suture capture of Figare 1 lockingly engaged therein,

Figure 15 is a top plan view of another embodiment of the tixsue restraintsulure
capture of Figure L.

Figure 16 18 a perspective view of Figure 15,

Figure 17 1s a section view in the direction of arrows 1717 in Figure 13 showing the
beaded suture 40.

Figure 18 is a top plan view of another embodiment of the tissue restramt/euture
capture of Figure 1.

Figure 19 is a perspective view of Figure 18

Figure 20 is a section view in the direction of arrows 17-17 in Figure 15 showing the
headed sutare 40.

Figures 21 and 22 are side elevation section views of other embodiments of sulure
anchors showing the {issue restraimt/suture capture 10 of Figure 1 lockingly engaged therein
showing the beaded suture 40,

Figure 23 1s a top plan view of Figure 22,

Figare 24 18 a pictorial view of the tssue restraint/suture capture of Figure 1 lockingly
engaged with a typical surgically implanted device showing the beaded suture 40

Exeraplary embodiments are lustrated in reference figures of the drawings. It s
miended that the embodiments and figures disclosed hersin are to be considered to be
lustrative rather than Hmiting.

Similar reference characters refer {o sumtlar parts throughout the several Figures of the

drawings.

o



i

10

WO 2014/055767

30,

DETAILED DISCUSSION

Nomenclature
tissue restrainsalure capture
body
suture locking aperture
radial slot
slot rehef hole
flex arm slot
flex arm
flex arm pivot
iocking aperture inlet
focking resiriction aperture
reverse restriction
suture bead stot
suture bead slot approach
suture
suture strand
suture bead
fissue anchor engaged with restramnt/capture 10
tasue anchor
tapered spiral thread
figsue penetrating tip
head
restraint receiving cavity
suture exist passage
sulure enlrance passage
tissue anchor engaged with restramt/capture 10
tissue anchor
tapered spiral thread
fssue penetrating tip
bead

restraint receiving cavity

PCT/US2013/063277
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126,
130, 1
132.1
134 134
136,
138.13¢

Lid
L I VY

Lad Lad
s

140, 144

142, 142"

150,

&

2

suture clegrance cavity

tissue anchor engaged with restraint/capture 10
fissue anchor

tapered spiral thread

tissue penetrating tip

head

sutyre passage

restramnt receiving cavity
indent

annular groove

unple

annufar bead

fissue restramt/suture capture
body

suture locking aperture

radial slot

slot relief hole

flex arm rebief hole

flex arm

suture clearance notch
focking aperture restriction
tissue anchor engaged with restramtcapture 10
fissue anchor

tapered spiral thread

fissue penetrating tp

head

restraint receiving cavity
soture clearance cavity

tissue anchor engaged with restraint/capture 10
fissoe anchor

tapered spiral thread

issue penetrating Uup

head
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10
160, restraint receiving cavity
162, suture clearance cavity
164, bead clearance
166, bead exit
170, tissue anchor engaged with dual restraints/capiures 10
172, fissue anchor
174, tapered spiral thread
176 fissue penetrating tp
178, head
180, restraint receiving cavity
i82. restraint receiving cavity
184, suiure passage
1940, prosthesis implant
192 restraint receiving cavity

Referring now to the drawings. and firstly to Figures 1 to 6, the prefarred embodiment
of a tssue restramt/suture capture is there shown generally at mumeral 10, This tssue
restraintfsuture capture 10, sometimes referred to berein as a "restraint/captlare”, is preferably
formed of flexible or semi-flexible medically implantable material. such as high density
polvethvlene, although other suitable matenal may be otilized.  This tissue restraint/suture
capture 10 has been shown through computer mathenatical analvsis to provide for at feast
preferably a 5: 1 ratio of force to move a beaded suture 40 (the suture 40 having spherical or
bead-shaped protuberances 44 longitudmally spaced apart along a slender sirand 42 and being
formed of a flexible, or semi-flexible medically implantable material) through the suture
focking aperture 14 of the body 12 in the direction of the arrow shown n Figure 3 to
approximately four times more {orce 1o move the suture backward fhirough the focking aperture
14 m the opposite direction.  This provides the surgeon perfornung reattachment surgery the
confidence that this tissue restraint’suiare capture 10 will maintain the apphied force to
reconnect adjacent or mating tissues as applied by the surgeon,

Details of this fissue restraint/suture capture 10 were developed tnitially osing Finste
Element Analvsis (FEA) and its proof-of-concept was bench tested with an Instron, supporting
the prelipunary FEA findings. The engineermg was performed and perfected so falure of the

syture/caplure system was the sulure itself and not the tissue restraint/suture capture. This
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design 14 alse minimives "GO force, and maximize "NO-GO® force. the locking apertare 14
spectfically enginesred 1o maximize this effect and approaches suture ultimate tensile strength,
while the 'GO" forces approximate a simple hand pull. Thas "NO-GO"/"GO" differential, by
minimizing "GO and maximizing "NO-GO", allows the surgeon 1o work with confidence with
the knowledge that there is no need to pull too hard to get the suture to advance, which could
tear the fissue or pull-out the repair, while knowing that the tissue restraint/suture captre 10
can hold the tissue in place with forces approaching the fadure strength of the suture.

Thus tissue restramnt/suture capture 10 inchudes the central suture locking aperture 14
which extends axially and orthogonally to an imaginary plane of the (lattened oval shape body
12. The tissue restraint/suture capture 1015 a one-piece wnt with a height of the flattened oval
shape bodv 12 being fess than one-half of the diameter of the Hatiened oval shape body 12, It
should be appreciated by those skilled in the art that the outer diameter of the {lattened oval
shape body 12 mayv be expanded further to add additional strength when puplanted into tissue.

The tissue restraint/suture capture 10 defines a locking aperture inlet 24 substantially
targer than the diameter of the suture beads 44 for ease of insertion of the tissue restraint/suture
caplure 10 thereinto. The depth of the inlet side of this suture locking aperlure 14 is such that,
as best seen in Figure 3, a portion of the suture strand 42 may be easily grasped dusing a
surgical procedure to begin to pull the suture 40 m the direction of the amrow through the suture
tocking apertuire 14, The locking aperture mlet 24 allows the suture 44 with its beads 44 1o
approach from vanious angles thereby allowing more degrees of freedom for the suture 40 to
enter the locking aperture 14 without binding, erimping, or bending the suture strand 42,

As each of the suture beads 44 15 guided by slot approach 32 and bears against the
sutare head seal 30, apphving [urther presswe axially 1o the suture 46 in the direction of the
arrow causes the matng inner contour of each of the flex arms 22 {as deseribed more fully
herebelow) to flex cutwardly (upwardly ag viewed wn Figure 3} to expand the locking aperture
restriction 26 uniil the destred number of suture bead 44 are pulled therethrough, after which
the flex arms 22 avtomatically and resiliently return to the at rest posttion, collapsing the
focking apertare restriction 6. Importantly, the outlet end of the suture locking apertere 14

ingcludes a reverse restriction 28 which serves to tnsure that the suture 40 may not be moved in

the opposite ("NO-GO") direction from the arrow without applving a pulling force typically

necessary to fracture the suture strand 42, the flex arms 22 resihently collapsing imwardly to
parrow the locking restriction aperture 26.

Each of the flex arms 22 is defined by adjacent radially extending radial slots 16 each
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of which terminate at the outer end thereol n an endarged slot rehef bole 18, Each of the Hex
arms 22 s further defined by an elongated oval or racetrack-shaped elongated fex arm slot 20,
Each inner comer of each of the flex arm sfots 20 18 formed in proximity to one of the slot
reliefl holes 18, the spacing therebetween having a substantial influence on the overall
flexibility of each of the flex arms 22 as the suture 40 and each of its suture beads 44 is pulled
through the suture locking aperture 14 as previously desceribed.

Figure 3A 13 an elevation view similar to Figure 3 showing 8 beaded suture 40 passing
through the tssue restramt/suture capture 10 as shown by the wrrow. Each of the flex arms 22
Bexes upwardly and cutwardhy about a flex army prvol 23 as shown in Figure 3A to expand the
focking aperture restriction 26

Figure 3B 15 an elevation view similar to Figure 3 showing a beaded suture 40 resisting
a reverse force from the tissue restraint/suture capture 10 as shown by the arrow. Each of the
flex arms 22 fexes downwardly and imwardly about a flex arm pivol 23 as shown m Figure 3B
o coniract the locking aperiure restriction 20,

Figure 3 s a top plan view of Figore | showing the suture 40 passing through the fissue
restraint/suture capture 10, The suture 40 passes freely through the focking aperture restriction
26.

Figure SA is a top plan view similar to Figure 5 showing the sutwe bead 44 of the
beaded sutwre 40 passing through the tissue restramt/suture capture 10, Each of the flex arms
22 Bexes about the flex arm pivot 23 as shown in Figure SA to expand the locking aperture
restriction 26.

Referring now 1o Figures 7 and 8. a lirst embodiment of the combination of the
previously described tissue restramt/suture capture 10 and a tgsue anchor 32 15 thers shown
generallv at numeral 300 The tssue anchor 32, preferably formed of surgically implantable
material suttably formed to be rotatably dnven into cartifage or bone, includes a tapered spiral
thread 54 and a tissue penetrating up 56 for ease of piercing through the tissue matertal as the
fissoe anchor 532 18 rotatably driven into and secured within the cartilage or bone material.

The head 58 of the tissue anchor 532 includes a longitudinally extending restraint
receiving cavity 60 formed to tightly and wedgingly receive the tissue restrammt/suiure capture
10 nto the position best seen in Figure 3. Diagonally extending sutwre entrance and exit
passages 64 and 62 are provided so that the suture 40 may be easily inserted through the suture
tocking aperture 14 of the Gissue restraimt/suture capiure 10 through the suture entrance passage

64, exiting from the suture exit passage 62. Afier the tissue anchor 32 has been secured within
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the tissue by being rotationally driven as facilitated by the openings of each of the passages 62
and 04, the suture 40 may be inserted mto the posttion shown i Figure 8 and then tensioned as
destred. Agan, by the structural benefits of the tissue restraintsuture capture 10 as previoashy
deserthad, movement of the sulure 40 15 only possible, preferably without sutwre {racture, in
the direction of the arrow fromn the suture exit passage 62.

Referning now to Figure 9, another embodiment of the combination of the suture tissue
restraint/suture capiure 10 and g tissue anchor 72 1s there shown generally at numeral 76 In
this embodiment 70, the tssue anchor 72, having fapering spiral threads 74 and a tissue
penelrating tp 76 ay previously described, includes a restraint raceiving cavity 84 which
nghtly and wedgingly receives a portion of the tissue restraint/suture capture 10 in an upright
ortentation. However, an enlarged suture clearance cavity 82 formed axially downwardly into
the head 78 is provided for free access of the suture 40 into and from the suture locking
aperture 14,

In Figure 10, vet another embodiment of the combination of a tissue anchor 92 and the
tissue restramnt/suture capture 10 s there shown generally at numeral 96, In this embodiment
90, the tissue restrami‘suture capture 10 1s oriented tfransversely to the {ongitudinal axis of the
issue anchor 92, the tissue restraint/suture capture 10 being tightly and wedgmngly secured into
a generally circular restraint receiving cavity 102 formed indo the head 98 of the tissue anchor
92 To facilitate smooth and easy access of the suture 44 through the suture locking aperture
14, an elongated longitudinally extending sutwre passage 100 is provided. In this embodiment
91, the tissue anchor 92 may be secured into the tissue after the siture 40 has been fed from the
oppostte side of the anchoring tissue and then fed through the suture passage 100 and the

suture locking aperture 14 of the tissue anchor 92 for tensioning i the divection of the arrow.

Note that the force applied downwardly on the nissue restramnt/suture capture 10 afler proper

tensioning of the sutare 40 will enhance mamtaining the Ussue restraint/suture capture 10
within the suture receiving cavity 102

Referring now to Figures 11 to 14, rather than relving only upon the tight, Irictional
wedging retention of the tissue restraint/sutare capture 10a, b, e, d within the cavity formed
it the head of a tissue anchor, four separate additional structural features are shown in
Figores 11 to 14 In Figare 11, the head of the tissue anchor 92a includes indents 104 which
securely engage with spaced dimples 106 which outwardly extend from the perimeter of the
body 12a of the tissue restraint/suture capture 10a. In Figure 12, the reverse structural feature

is provided wherein dimples 106b extend inwardly from the restraint receiving cavity 142b o
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engage into mdents 104b formed into the body of the tissue restraint/suture capture 10b. In
Figure 13, an annular groove 03¢ 15 formed o the penphery of the body of tssue
restraint/suture capture 10ce which snappingly engages with an annular bead 107¢ formed
nwardly from the restraint receiving cavity 192¢  In Figawe 14, the raverse structure having
the annular bead 107d formed outwardly extending from the body of the Hssue restraint/suture
capture 10d matingly engages iito the annular groove 105d formed into the restramt receiving
cavity 102d. Other interfering structure to effect this locking engagement i3 also anticipated
within the scope of this disclosure.

Alternate forms of suture clearances are shown i Figures 15 1o 20 in conjunction wilh
uniquely configured heads 138 and 138 of tissue anchors 132 and 132° In Figures 15 and 16,
a suture cleavance noich 124 1s formed into the periphery of the body 112 directly into one of
the flex arm relief holes 120. Tius clearance notch 124 is sufficiently wide for the suture 40 10
pass thereinto when the tissue restrmnt'suture capture 110 1x secured into the restraint
recerving cavity 140 formed into the head 138 of the tissue anchor 132, An additional suture
clearance cavity 142 1s provided so that the suture 40 may be reversed as it 15 mserted 1o the
tocking apertare of the tissue restraint/suture capture 110, This tissue anchor 132 as previously
described, also includes the tapered spiral threads 134 and the tissue penetrating tip 136,

In Figores 18 to 20, the combination of the tissue restraint/soture capture 110" and the
tissue anchor 132" is shown in combination at 134, The issue restraint/suture caplure 110 is
structurally generally as previously described except for having the sature clearance noteh 124°
formed into the petphery of the body 112" directly radially outwardly from one of the slot
velief holes 118 disposed at the radially outward end of the corresponding radial slot 116,
Again, the sutwre clearance notch 124" has sufficient width and depth so that the suture 40 will
pass thereinto with additional clearance by swture clearance cavity 142° to reverse the suture
direction to pass into the tssue restraintfsuture capture 110" which has been secured mto the
restrant receiving cavity 140" formed nto the head 138 of the tissue anchor 132

Sull another arrangement for the locking interengagement between the suture tissue
restraint/seture capture 10 and a tissue anchor 152 is there shown generally at numeral 150 in
Figure 21 In this embodiment 150, the ussue restraint/sutore capture 10 is lockingly engaged
mto & mating restramt receiving cavity 160 and a suture clearance cavity 162 having a bead
clearance area at 164 and a bead exyt area 166 is also provided for the smooth introduction of
the suture 40 fivst downwardly into the bead exit area 166 and then upwardly from the locking

aperture of the tissue restraintisutwre capture 10, The tissue anchor 132 simudarly inclades
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tapered spiral thread 134 and a tissue penetrating tip 1536 as previously described.

In Figures 22 and 23, a tissue anchor 172 with dual opposing restramnts/captures 10 is
shown generally at muneral 170, In this embodiment 170, opposing Hssue restraints/suture
captures 10 are secured within diagonally onented opposing restraint receiving cavities 180
and 182 such that the sutwe 40 mav be lockingly passed through one of the tissue
restraints/suture captures 10, then throogh a connecting suture passage 184 and then into an
through the opposing tissue restrain/suture capture 10, Note that, in this embodinient 170, the
suture 40 s restrained from any movement whatsoever with respect to the head 178 of the
fissue anchor 172, requiring that the sutare 40 be first passed through one of the Hasue
restraints/suture captures 10 then through suture passage 184 and then tensioned through the
second lissae restrabvsuture capture 10 afler it has been positioned in iis restramt receiving
cavity 182, Alternately, each tissue restrain/suture capture 18 (n this embodiment 170, a
suture capture) mayv be slid down the suture 40 on each side of the tissue anchor 172 and
focked in place as shown rather than having the suture 40 pass through the suture 40 pass
through the suture passace 1R with the tssue restramt/suture captures 10 already in place.
Another arrangement envisions revarsing one of restram/sutwre captures 10, allowing the
suture 40 1o travel in only one direction through one tissue restrain/suture capturg 10, then
throngh the suture passage 184 and out through the second tissue restrain/swtare capture 10 for
enhanced "NO-GO" strength.

Lastly, in Figure 24, the tissue restrain/suture capture 10 is shown secured into a
mating restraint recerving cavity 192 formed into a prosthetic implant 192, This concept is
mtended 1o shown that the tissue restramt/suiure capture 10 or any sustable variation thereof
within the scope of this wyention may be secured into any medically, veterinary, dental
implantable prosthesis implant such as a pacemaker, heart valve, or stei, veterinary or medical
dental bone plate, breast implant, gastrointestinal higature or ligature type device or any other
medically, veterinary, dental implantable device which etther requires suture restramnt or will
provide a suture restraint for a sutare fo pass therethrough. Thus, the tissue restraint/suture
capture 13, as opposed to being ulilized as a tissue restraint alone or with an anchor, may be
used as a suture capture incorporated into other medical, veterinary or dental implanis.

While a number of exemplary aspects and embodiments have been discussed above,
those of skifl i the art will recognire certain modilications, permeations and additions and
subcombinations thereof are within the level of those skilled in the art. 1t 1s therefore mtended

that the following appended claims and claims hereinalier introduced are mterpreted to include
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all such modifications, permeations, additions and sobcombinations that are within their true
spirit and scope.

Although the invention has been described mats preferred form with a certain degree of
particalarity, 1t 15 understood that the present disclosure of the preferred form has been made
only by way of example and that numerous changes in the details of construction and the
combination and arrangement of parts may be resorted to without departing from the spirit and

scope of the mvention.
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WHAT I5 CLAIMED %

v

6,

In a surgical suture svaiem for tissue repair and reatiachment of {om tissue 10 8 Hssue

substrate or medical, veterinary or dental implant including an elongated fexible spture

having a plurality of longitudinally spaced protuberances along a length thereof] the
nyrovement comprising:

8 tissue restraintfsolure caplure having a central locking aperture for receiving the
suture member passed thersthrough for longitudinal movement of the sulure in
only a forwardly direction through the locking aperture.

In the surgical sufure svstem of Claim |, wheremn the implant including an inyplantable

body being configured to securely receive the tissue restramt/sutwre capture.

In the surgical suture system of Claim |, wherein a locking aperture mlet of the central

locking aperture is substantially larger than each of the protuberances along the {lexible

suture for enabling 1nsertion from varous angles of the fexible suture into the central

locking aperture.

The svstent of Claim 1, further comprising a tissue anchor or prosthesis implant having
a cavity for receiving and securing said tissue restramt/suture capture therein wherein

the suture 1s securable 1o the tissue anchor or prosthesis vnplant,

The svstem of Claint 1 wherein said tissue restraint/soture capture further comprises:

a plorality of spaced apart radial slots each radially extending outwardly from samd
locking aperture toward but not o a periphery of a flattened oval-sectioned
body to define a flex arm between each of adjacent the radial slots: and

a radially 1ipnermost end of each of savd flex arms defining a locking restriction apesture

of the locking aperture,

The svstem of Claim 5 wheremn said tissue restraint/suture capture further comprises:
a flex arm slot formed through a mid portion of each of the flex arms and being

positioned in evenly spaced relation between a closed end of each of adjacent
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the radial slots:

the flex arm slots for controfling the force required to pull the suture through the
locking aperture;

the locking resiriction aperfure, when the flex anms mre relaxed, being substantially
smalier in diameter than a diameter of the protuberances;

the locking aperiure baving an enlarged locking aperture inlet adjacent a soture infet
side of the body for receiving the suture and to allow the sulure o pass
therethrough and be urged through the focking restriction aperture; and

the focking aperture also having a reverse resiriction adiacent a sutiwe exit side of said
body for restricting the suture, once having been pulled through the locking

aperfure, from being moved in a reverse direction of movement.

A surgical bssue restrant'suture capture for tissuve repair and reattachment of tom
tissue 10 a tissue subsirate, medical, veterinary or dental prosthesis, or medical,
veterinary or dental implant comprising:

a bodyv including a locking aperture sized to receive an elongated slender flaxible suture
having a plurality of longitudinally spaced protuberances along a length thereof
passing through the locking aperture to cooperabively restrict longitudinal
movement of the suture to only a forwardly direction of movement through the

locking aperture.
=

A surgical tissue restramt/suture capture as set forth i Claim 7, further a tssue anchor,
a prosthesis, or an implantable device serving another purpose than as an anchor having
a cavity for receiving and securing smd fissue restraint/suture capture therein wherein

the suture 1s securable to the tissue anchor or prosthesis implant.

A surgieal tissue restramt/suture capture as set forth in Claym 7. further compnses:

a plurality of spaced apart radial slots each radially extending outwardly from said
locking aperture {foward but not to a periphery of a flattened oval-sectioned
body to define a flex arm between each of adjacent the radial slots; and

a radially innermost end of each of said flex arms defining a focking resiniction aperture

of the locking aperture.
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A surgical Gissue restraint/suture capture as set Torth i Claim 9, further comprising

a flex arm slot formed through a wmid portion of each of the flex arms and bemg
positioned i evenly spaced relation between a closed end of each of adjacent
the radial slots;

the flex arm slots for controlling the force required to pull the suture through the
locking aperture;

the focking restriction aperture, when the flex armg are relaxed, being substantially
smaller in diameter than a diameter of the protuberances;

the locking aperture having an enlarged locking apertore inlet adjacent a suture mlet
side of the body for receiving the suture and to allow the suture {o pass
therethrough and be wrged through the locking restriction aperture:

the focking aperture also having a reverse restriction adjacent a suture exit side of said
body for restricting the suture, once having been pulled through the locking
aperture, from being moved in a reverse dirvection of movement by reducing the
size of the locking restriction aperture as the flex arms are flexed in the reverse

divection of force appliad to the suture.

In a surgical suture svstem for tssue repair and reattachnent of torn tissue 0 a Hssue
substrate or medical, veteninary or dental implant. the svstem inchuding an elongated
flexible sutwre having a plurality of longitudinally spaced protubsrances along a length
thereof, the improvement comprising,

g tissue restraint/sutare capture having a locking aperture for recaiving the suture
passed therethrough for longitudinal movement of the suture m only a
forwardly divection through the locking aperture. and

lockingly resisting the sutwre from moving in a revarse divection, the locking aperture
permitting entrance of the suture theremto with minimal force and maximizing
force that preventing the sutwre from moving m the reverse direction, creating a
differential force ratio batween fhe force required fo move the sulure in the
reverse direction, a "NO-GO" force, and the force required 10 move the suture

in the forward divection, a "(GO" force exceeding a 1 3.1 ratio,
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