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FIG. 1

(57) Abstract: An apparatus and method is disclosed for securing tissue to a bone comprising a novel screw anchor for insertion into
a hone by a novel rotational driver. The screw anchor and rotation driver enables the screw to be completely embedded into the bone
while permitting a suture to be threaded through a transverse aperture in the screw. The rotation driver facilitates insertion and en-
o gagement of a capture with one of a series of protuberance formed along a length of a suture. In addition, the method is disclosed of
forming the series of protuberance.
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Apparatus And Method for Securing Tissue

BACKGROUND OF THE INVENTION

Field of the Invention

This wnvention relates to surgery and more particalarly fo an apparatus and method for
secyring Hissue comprising a novel screw anchor and rotational driver for securing a suture o a

surgical button, a pledget or a capture.

Deseniphion of the Related Ant

Iz recent vears the use of capiures have found increased use in the surgical art. Typicathy,
a capiure is used in association with a suture for securing an end of the suture without the need for
fving # koot in the sutuee. The use of a caplurs has several advantagss over the traditional tving of
a suture. Firsthyv, a capture will secure a sufwre faster than fving a traditional knot. Seconddly. a
capture will generally vield more consistent holding strength relative to a traditional knot Thirdly,
a capture can be used 1 arthroscomc surgery where space hinmtation makes koot tving difficult for
A SURRon,

The following prior art are examples of the developient of captures and the hike, mcluding
anchors, fasteners screws for the surgical art, These prior art examples mav be used in vartous
tvpes of surgery inclading medical, veterinary and dental boplants.

United States Patent 4,898,156 to Gattumna, of al. discloses a suture anchor for anchoring
ong end of a conventionad suture to bone comprising a coupling member, with at least one barbh
miacde of a resthent elastic matenial projecting from said coupling member, and structure for use
attaching one end of a suture to said sutore anchor. The coupling member and the at least one burb
are adapted to securely anchor one end of the soture in bone when the sature s attached to the
attachinent structure, so that the other end of the suture extending outside the bone can be used to
aitach objects fo the bone. A novel application tool is also provided.

United States Patent 5.733.307 to Dinsdale discloses a bone anchor with a suture trough
for attaching bone 1o tissue vsing a suture. The bone anchor includes g threaded bone anchor body
having a major diameter, 3 minor diameter, a tip, and a drive haad. A suure trough 8 formed
within the anchor body with a width greater than or equal (o the diameter of the suture and a depih
below the minor diameter greater than or equal o the dismeter of the suture. A suture passageway

connects the opposiag portions of the suture trough.  The suture seats within the sugure frough
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during insertion of the bone anchor into the bone.

United States Patent 5,370,661 o Branch discloses a method for attaching tissus {o a bone,
which includes the use of a filament member and a head member which engages the Glament
member and holds » tssue in place. Also provided is a device and method for repaining a break in
tissue, which indicates the vse of a fHament member and at least one member which engages the
[itament member,

United States Patent 3,413,383 1o Pagedas discloses a self locking suture lock having a
first suture thread opening in which the thread is secured before the surgical stitch and a cone
shaped second stitch lock opening that i3 larger at the front side than at the back side, and designed
io receive suiure thread in only one direction, thereby locking it against withdrawal after the stiich
o complete and lock # withowt the nead for a surgical koot A {ongue in the second opemng will
allow passage through the cone shaped second opening from front side (0 back side but not allow
passage from back to side to front stde or pudling out of second opening once threaded The front
side of the self foching suture may be distinctively colored so that a surgeon will know which side
of the sufure lock will accept the suture thread. The first opening may {ake the form of a
deformable slot, a pair of openings, or other forms. The tongue may engage the edga of the second
opening, 3 slot, or other unidirectional lock structuves,

Linited States Patent 3384835 (o Greenfield discloses 8 two-part devics for sutaning soft
tissug to bong. The device emplovs a bone anchor which is installed m the bone and a sutwe
anchor which is coupled 1o the soft tissue and then engaged with the bone anchor, The engagement
of the sutire anchor with the bone anchor is readily reversible so as to permit adjusiments in the
placement of the sutures. In the practice of the nvention, no step is ureversible except the dulling
of the bone hole that accepts the bone anchor. A special tool 18 described fr facilitating the
installation of a bone anchor having a round intemnal cross-section. The suture anchor can be
installed with the application of only direct pressure, and can be disengaged by comterclockwise
rotation, with the use of a disengagement tool, such as a screw driver. Sutures are threaded through
apertures i the suture anchor, and the engagement of the sutures is enhanced by a fnction it
between the sutore and bone anchors.

United States Patent 5,938,686 to Benderey, of al. discloses g bone anchor tmplantation
device positionad over a bone, and a bone anchor installed i a bone,

United States Patent 3,948,000 o Larsen, et @l discloses a svstem for sulurg anchor
placement inchading an apparatus having 8 handle portion and an operating portion. The handle

porfion includes a spring, a needle park. and 3 member for releasably holding a length of the
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sutire. The operating poriron includes 4 sheath tube and a plunger rod slidably disposed within the
bore of the sheath tube. The plunger rod i3 fixedly mounied at its proximat end 10 the handle The
suture anchor is releasably engaged 1o the distal end portion of the plunger rod. The sheath tube is
mounied 1o the bandle and movable with respect to the handle between a distal posiion and a
proximal position, the sheath tube being resiliently biased to the distal position by the spring and
movable to the proximal pesition in response to proximally divected force of sufficient magnitude
applied o the distal end of the sheath tube. The sheath tube has a portion with an outer duameter
greater than the diameter of the hole i the bone such that when the nstatlation tool 15 pressed
toward the bone, the sheath tube retracts mto the handle and the sutura anchor is advanced inlo a
hole previously made in the bone. The suture, initially held i g taut configuration, is released in
response to movemend of the sheath tube to its proximal position.

United States Patent 6,013,083 to Bennett discloses fom tissue such az a rotator ouff
positioned on the bone exterior by a tissue grasper. A canaula is inserted through the skin
substantially to the tom tssue. A doll guide is inserted into the cannula, a drll bit s inserted into
the dulf guide, and & hole 15 dnilled through the tom tissue and completely through the bone. The
drill bt 15 removed and an baner cannuda 15 passed through the deill ginde wniid its distad end i3
engaged on the tom tissue or ghiematively passad through the hole unnl i1 distal end is at the far
and of the drilled hole. A soft tissue anchor having expandable vwings at ds distal end and sutures
secured fo an evelet al #s provimal end 13 relessably connected to the distal end of a tubular
deplovment ool with the free ends of the sulwes extending through the deplovment tool. The
deplovment tool is passed through the ey cannuda and drilled hole unitil the expandable wings
clear the far end of the hole a sufficient distance o allow the wangs 0 expand to a dimmeter larger
than the diameder of the drilled hole. The deplovient tool, inner canmadda, drill guide, and cannula
are removed and tension is applied to the suture 1o engage the expanded wings of the anchor on
the extertor surface of the bone surrounding the drifled hole. A button s run down on the sutures
through the cannula and secored on the tom tissue by the swtures such that the tom tissue is
secured to the bone and the sutures are anchored to the hard exterior surface of the bone by the
expanded anchor.

United States Patent 6,035410 o Tormala, ot al discloses a bioabsorbable surgical
implant for use In sapporting soft tissue in a superior posilion in the bodv. The surgical implant
includes a shaft that connects the implant 1o a bone or hard tissue and a head secured (o the shaft,
The bead of the inplant bas a concave fower surlace so that a suture {or sotures) can susily be

wound around the shalt below the head and locked to this posttion by tightening the head againgt
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bone or hard Bssue and by pushing or luning the shaft into the bone or bard tissue. The connected
shaft and head are fonmed from a resorbable polvmaer, copolymer, pelymer alloy or composite,
which mainiaing a specified strength for a peried of fime at least equal to a healing penod for the
pattent. Thereafter, the susgical implant s substantially resorbed by the body over a period of time
needed for healing. The surgical implant 18 particolarly adapted for use in endoscopic face andfor
brow Tt surgery and other endoscopic cosmetic, plastic and reconstructive surgicsl procedares,
where sutures are applied for tissue lifting.

Uinited States Patent 6,117,162 to Schmieding, et al. diseloses a corkseraw suture anchor
having a continuous thread spiralling avound a tapering central core. At the distal end, the suhwe
anchor terminates in a rounded pomt At the proximal end of the suiure anchor is an eye for
receiving sutuwre. The sutwre anchor hag a large thread surface per twn of thread. Angi-backout
ridges can be formed on the front andfor back faces of the threads. A dover for the suture anchor is
provided. the dover inclading a shaft having & central axis, a length, a distal end, and a proximal
gnd. The shafl 13 provided at its distal end with an opening aligned with the central axis of the
shaft, for recerving the hexagonal proximal end of the suture anchor. One o more sufures threaded
through the sature eve are threaded through the hollow tubular shaft. The suture s pulled nto and
captured by V-shaped notches on the proximal end of the handle 10 hold the suture anchor in plage
on the distal end of the driver under the tension of the captured sutures.

United Sigtes Patent 6,206,886 1o Bemnelt discloses fom tissue such ag g rotator cufl
posttioned on the bone exterior by & tissue grasper. A camula is inserted throvgh the shin
substantially to the tom tissue. A drill guide 15 inserted into the canmuda, a dall bitis inserted mio
the drll guide, and a hole 1s drlled through the tom tissue and completely through the bone. The
drill bt 15 removed and an noer cannuda 15 poassed through the doll gwide wtdd its distal end is
engaeed o the tom tssue or shematively passed through the hole untl s distal end is at the far
end of the drilled hole. A soft tissue anchor having expandable wings at its distal end and sutores
secyred to an evelet ot #s proximal end is releasably connected 1o the distd end of a tubular
deploviment tool with the free ends of the sutures extending through the deplovment tool. The
deployment tool s passed through the imer cannula and dnlled hole unil the expandable wings
clear the far end of the hole a sufficient distance to altow the wings t© expand to a disneter larger
than the diameter of the drilled hole. The deplovment todd, inner cannula, drill guide, and cannula
are removed and tension is appiied to the suture 1o engage the expanded wings of the anchor on
the exterior surface of the bone surrounding the diilled hole. A button is run down on the sulures

through the canmula and secured on the tom tissue by the swtures such that the tom tissue is
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secured 1o the bone and the sutures are anchored 1o the hard exterior sorface of the bone by the
expandad anchor.

Umited States Pateni 6,214,031 10 Schoveding, et al. discloses a corkserew suture anchor
having a continuous thread spiralling around a {apening central core. At the distal end, the suture
anchor terminates in & rounded point. At the provimal end of the sutive anchor is an eve for
receiving suture, The suture anchor has a large thread surface per tum of thread. Anti-backout
ridges can be formed on the front and/or back faces of the threads. A driver for the suture anchor is
provided, the driver inchuding a shaft having o contral axis, a length, a distal end, and a proximal
et The shafl is provided at it distel end with an opening aligned with the central axis of the
shaft, for receiving the hexagonal proximal end of the suure anchor. One or more sutures threaded
througly the suture eve are threaded through the hollow lubudar shaft. The suylwre s pulled into and
captured by V-shaped noiches on the proximal end of the handle to hold the suture anchor i place
on the distal end of the driver under the tension of the captured sutures.

United $tates Patent 6,293 961 to Schwartz, et . discloses a device for locking a suture in
place without the need for fving knots once the swlure 15 placed within tissue. The device
compnses an anchor having a front section and a rear section, a canmda extending through the
frout and rear sections through which the suture extends, and a bead positioned adjacent an end of
the suture for locking the suture within the cannola

United States Patent 6,491,714 to Bennett discloses a surgical apparatus for anchoring and
reattachument of torn tissue such as a rotator eulT against on the oater or exteror surface of a fissue
substrate. The mvention inchudes a fissue substrate anchor such as thal having expandable wings,
an elongated suture member securable at s proxunal end 1o the tissue substrate aochor, and g tom
fissus retaingr lockingly attachable along the lengthy of the suture member by miating mterlocking
structure therebetween, Tension is applied o the free distal end of the suture member while the
fssue retainer is non-reversible moved fongitudinally along on the suture member 10 secure the
forn tissue against the tissue substrate ower surface. A separate fom tissue gripping nember may
atso be provided for broadened sad enhanced torn tissue securement agaimst the tissue substrate. In
another embodiment, the tssue anchor is formed as a wmit with the sufwre member enabling
additional forms of tissue repair such as the closure of an internal memscus tear or separation.

United States Patent 6,333,802 to Bojarshi, et al. discloses a method of securing a Hssue
sraft within a bone passage inchuding providing 8 praft fixation member conywising g closed-loop
having a pair of opposing foop sections and captuning a first toop section of the closed-loop within

the [ixatton member. An opposing second loop section of the closad loop 13 passed through an
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operung in the tissee grafi, and the second loop section of the closed loop 15 secured to the fixation
mamber.

Umited States Patenit 73035377 to Dean discloses a method, svstem and apparatus for
augmenting the surgical repair of soft tissue injuies, n which a first end of a bridge member
attaches to a first portion of healthy tissue, and a second end of the bridge member attaches to a
second portion of healthy tissue. The bridge member (or bridge members) used to augment the soft
fissue repair may be interconnected or fmction wdependently. Flexabidity and elasticsty of the
bridge member are determined by the situation and may be aliered to vmprove healing, The device
may be used i arthroscopic procedurss, and may e manufacturad in 3 varety of lengths, or may
he manufactured one length and be cut to the desired length, or otherwise altered to provide an
optimal length of the bridge mamber.

United States Patend 7,330,990 (o Perviello, «f al. discloses a method of securmnyg a fissue
grafl within & bone passage including providing a graft fixation yember compnsing a closed
double-loop having a pair of differently sired loop sections and capturing both sections of the
closed-loop within the fixation member. The longer loop secthion is passed through an opeming in
the tissue prafl then s passed through the smaller loop and thrown over the Bxation member 10
form a knot,

Uinited States Patent 7.585 311 10 Grean, ot al. discloses a method and devics for securing
soft fisste 1o a ngid matenal such as bone. A bone anchor is descnbed that comprises abasgand a
top such that seture material may be compressed between surfaces on the base and top to secwre
the suture to the anchor. Also described 1s an mserter that can be nsed to insert the bone anchor
mto bone and move the anchor top relative o the anchor base to clamp suture matenal there
between. Also described 15 3 soft-issue and bone piercing anchor and associated inserter. Methods
are desenbed that alfow use of the bone anchors 1o provide multiple lengths of sutwre nwaterial
compress a large area of soft tissue against bone.

United States Paient 7,615,061 o While, of al. discloses a sulure-loading svstem, method
and apparatus for loading a sutore onto # bone anchor. The system comprising: a bone anchor
comprising a suture leg-anchoring structare and a plurabity of body holes on the anchor: a sutuse
conprising a standing end portion snd a working end portion; a standing end trackway {0 guide
the standing end portion of the suture through the suture leg-anchoning structure; and a working
end rackway 1o guade the working end portion of the suture through the body holes in the sachor,

Linited States Patent 7.637.926 {o Foerster, et al. discloses an mnovative bong anchor and

method for secunng soft fissue, such as tendons, to bone, which permit & suture attachient that



wn

190

CA 02899244 2015-07-23

WO 2014/164605 PCT/US2014/022973

=

ties entirely beneath the cortical bone sarface. Advantageously. the sulwring material bebween the
soft tssue and the bone anchor i3 secured without the need for tving a knot. The soture attachument
io the bone anchor involves the looping of a length of suture around a pulley within the bone
anchor, tightening the suiure and attached soft tissve, and clamping the sutwe within the bone
anchor. The bone anchor mav be a tubular body having a tumen containing a plurality of suture-
locking elements that champ the sature therein, The locking elervents may be thin and C-shaped
One or more locking plugs attached to separable actuation rods displace axiallv withun the lumen
and act on the locking elernents to displace them radiallv. A generally uniform passage through the
incking elements in their first positiony converts to a smaller frregular passage affer the locking
plug displaces the elements 1o their second positions, thus effectivelv clamping the suture. The
bone anchor further may include locking stracture for securing itself within a bone cavity.

United States Patent 7,638,730 {o Li discloses a sufwre anchoring svstem and method
including @ plurality of anchor members interconnected to form an anchor assembly with a sutuwre
gxtending therefromy The anchor assembly has an insertion configuration wherain the anchor
members are aligned i a substanially Hnear arrangement for delivery through an aperture m
bodily tissue and an expanded configuration wherein the anchor members are transtioned o a
non-lnear arrangement 1o prevent passage of the anchor assembly back through the aperture.

Linited States Patent 7.658,751 to Stong, ef al. discloses a suture construction and msthod
for forming a8 sufure construction. The construction utidizes 2 subare having an enlarged ceniral
bady portion defining a longitudingl passage. First and second ends of the suture are passed
through first and second apertures associaled with the longitudinal passage to torm a pair of foops.
Portions of the suturs lay parallel to sach other within the sutuve. Apphcation of tension onto the
sutre constructon causes constniction of the longiindinal passage, thus preventing relative
motions of the captured pordens of the suture,

United States Patent 7,662 157 B2 to Ahmad discloses a bone anchor fncluding a screw
portion corfigured 1o penstrate a bone, The screw portion includes a refention thread extending at
least part of a fength of the serew portion and a tip at a first end of the screw portion. The bone
anchor mclades a protrosion adjacent a second end of the screw portion.  The second end is
opposite the first end of the screw portion. The protrusion contprises a plurality of extemal sides
forming a shape and a rounded interior susface encloging a protrusion recess. The rounded interior
surface includes a racess thread configured to retain a component af teast partiallv iy the protrasion
recess. The profrusion has g maximum widih that 1¢ less than 2 maxionan diameter of the serew

porfion such that a shoulder is formed where the protrusion meets the second end of the screw
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United States Patent 7674274 10 Forester. et al. discloses a bone anchor device for
attaching comnnective tissue to bone comprising a disk adapted for insertion into a portion of bone
to which the conpective tissua is 1o be attached. The disk is movable between a bent ortentation for
presenting & smaller cross-section and an expanded orientation for presenting a larger cross-
section. The bent onentation is utilized for inserting the disk through a small hole into a region of
cancelious bone beneath the cortical bone laver, afler which the disk i actuated 1o it expanded
ortentation so that it will be permanently anchored in the cancellous bone, as 1t will be too large to
return proxunally through the hole in the cortical bone laver. Two embodiments are disclosed. Ina
first embodiment, the disk is inttially formed in the expanded orientation, of spring steel In a
second embodiment, the disk is mitially formed in the bent ortentation, and spring steel i3 not
requirad,

United States Patent 7.686.838 1o Wl at al. discloses a surgical anchor device for the
repair of a tom higament or tendon, primarily the anterior cruciate ligament m the knee. The device
15 used to atfix the ligament withun a fernoral bone funmel m the distal portion of the feamwr from
the intra-articular swface. The device provides a pulley for a subwe, wherein a fres end of the
suiure may be pulled away front the device to dravy the suiure attached to the igament grafl within
the femoral bone tumel securing the ligament grall within the bone tusmel. Installation of the
device is provided by insertion of the device through a iblal hole, through the femoral tunnel oul
of the lateral femoral cortex, pulling the attached sutures sinwltaneously to Hatten the device
agamsi the lateral famoral cortex, atfaching ong end of the suture o the hipament grafl and pulling
the other end of the suture untdl the grali 15 sttuated properly within the femoral bone tusnel and
tving the free end of the suture 10 retain the grafl within the femoral bone tunel.

Umited States Patent 7,693,494 1o Foerster discloses a device for atiaching connective
tissue (o bone. The device hag a longitudinal was and comprises an annolar toggle member and a
bodv mamber disposad disiglly of the toggle member, such that there 15 an axial space between the
foggle member and the body member. The toggle member 15 movable between an undeploved
postiton wherein the togele member has a smaller profile m a divection transverse tothe axis and a
deploved position wherein the toggle menber has a larger profile in the direction transverse to the
axis. When installed in a desired procedural site, in svitable bone, sutuning material extends axially
through a center aperfure in the annular topgle member, without being secured (0 or contacting the
toggle member. This approach permits & suture attachment which hes entirely benesth the cortical

bone swiface, and which further penmit the attachment of suture to the bone anchor without the
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necessity for tying knots, which s particularly arduous and technically demanding in the case of
arthroscopic procedures,

United States Patent 7,713,285 to Stong, ¢f al. discloses a suture anchor for anchoring a
suture o the selected portion of an anstomicad portion for fixing 2 suhure thereto, The suture
anchor includes an anatomical engaging portion and a sulure engaging portion wherein both the
anatonvcal engaging portion and a suture enpaging portion sre adapted 1o be substantially
disposed helow an exterior of the anatomucal porlion afler implamtation. Suture eyelets are
provided in the suture engaging section and a sohure passage 15 formed 1o interconnect the eyelets
iy allow a suture (0 be easily threaded in the suture engaging section from the first evelel to the
second evelet.

United States Patent Application 200270004668 o Barllent discloses a sature anchor
comprising 8 generally quadniaterally shaped body having a bore-abutting surface with 2 leading
gripping edge at one end of the bore-abutting surface. a raling gripping edge at the other end, and
a closing surface having an arcuate portion and a Minear portion engaging the leading and trailing
gripping edges, respectively, penerally opposite the bore-abutting surface. The body further
defines a suture hore extending transversely therethrough and an inserter bore adapted to receive
an insertion tool. A suture engages the swture anchor through the bore and is adopied 10 engage
bodily tigsue 1o be secured to the bone. Also provided are a knotless suture anchor configuration,
an associgted insertion tool, and a suture anchor kil as well as a method of smplanting a sutiwe
anchor i a bore in a bone.

United States Patent Application 20020004669 o Bartlett discloses a satwre anchor
conprising a generally quadrilaterally shaped body having & bore-abutiing suweface with a leading
eripping edge at one end of the hore-abutling surface, a trading gripping edee at the other end, and
a cloging surface having an arcuate portion and a Huewr portion engaging the leading and trailing
gripping edges, respectively, generally opposite the bore-abutting surface. The body further
defines a suture bore exiending transversely therethrough and an inserter bore adapted 1o recetve
an nsertion tool. A suture engages the suture anchor through the bore and is adapted 1o engage
bodily tissue to be secared to the bone. Adso provided are a knotless suture anchor configaration,
an associated insertion tool, and a suture anchor kit, as well as a methed of implanting a suture
anchor in a bore in a bone.

United States Patent Application 2002/0007196 o Bartlent discloses a suture anchor
comprising g generally quadniateralty shaped bodv having a bore-abuiting swrface with a leading

eripping edge at one end of the bore-abutting surface, a railing gnipping eduz at the other end, and
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a closing surface having an arquate portion and a linear portion engaging the leading and traling
gripping edges, respectively, generally opposite the bore-abutting surface. The body further
defines o suture bore extending transversely therethvouph and an inserter bore adapted to receive
an inserdion ool A suiwe engages the suture anchor through the bore and iy adapied 1o engape
bodily tissue 0 be secured to the bone. Also provided are a knotless suture anchor configuration,
an associated insertion tool, and a suture anchor kit, as well as a method of implanting 8 suture
anchor in a bore in a bone.

Uinited States Patent Application 20060038844 to White, ef al. discloses an miemal ssoe
puncture dosure method and apparatus providing a locking device for cormpressing and holding an
external component such as a collagen sponge at & puncture situs. The locking device facilitates
compression of the external component i a first direcion, bud prevents or kocks against refraction.

United Stales Patent Application 20063100422 to Del Rio, ef al. discloses suture fving in
g medical procedure including the use of an anchor that includes a suture locking device, The
device includes a sliding pin guided by axial side slots formead in the locking device that {forces the
suttre where the bvo ends thereof are iseried info the mienor of the suture locking mechanism o
drive the captured sulwe and pin lo fit into & recess on the top of the sulure locking mechanism
such that the top of the pin binds the suture against the upper inner surface of the recess. The
recess can be serrated to enhance the locking capability and the pin is polvgonal shaped to provide
side surfaces that nm parallel to the walt of the recess 10 assura that the side portion of the pin does
not fractwve the suture snd cause it to weaken. The locking of the sutwe ¥ austomatic upon the
deplovment of the anchor which actuates the pin into the locking position, thus elinmating the
necessiy of manually knotiing the suture and improving the cinching of the fissue {o the bone. The
suture focksng mechanism 1y usable for attaching tssue to the bone, tving Ussus 1o tissug and the
litke. The disclosure also includes the method of deploving the combined anchor and supure
tocking device in a medical procedure,

United States Patent Application 2007/613631 to Guan, ef al. discloses an expanding plug
for tendon fisation featuring a fwo-part system in which an expansion pin fils mside a lixation
sleeve. The fixation sleeve is configured to expand diametneally to achieve interference fixation of
a graft tendon mside of a bone funnel. Fixation sleeve expansion is urged by a two-step
engagemeant of the expansion pin. The tendon grafl is assembled to the expanding bolt and situated
within a bone tunnel. Passing suture is used to pull a joint-line end of the expansion pin into the
wmmnel (o partially expand the fixation sleeve at the jointline end. Pulling a grafl end of the

expansion pin toward the joint line expands the fixation sleeve to place the expanding plug in the
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fudly deployed configuration.

United States Patent Application 2007028375 1o Hindrichs, el al. disdoses an implant
structure for use in pulline two soft body tissue areas closer together in a patient (e.g., (wo points
along or adiacent to the patient's mitral valve annulus) ncluding at least two fissue anchor
structures that are respectively implantable inte the two tisste areas. A tether structwre hinks the
hwo tissue anchors and can be shortened and held 1 that condition by a ciach structure. Bracing
structures are used between the anchors and the tether to help keep the longitudmal axes of the
anchors fransverse to the tether axis even when the tether is under tension. The tether may be
sheathad in a cushioning steave 10 help protect adiacent dssue from erosion by the tether.

United States Patent Application 2008/0082113 to Bishop, et al. discloses embodiments of
apparatus and methods for tissee fting, or for correcting a piosis condition cauged by tissue
strefching. In some embodiments a #fissue is supponed by a support member. In some
embodiments, tension 1s apphied to @ sapport member through at least one suspension member.
The described embodiments provide examples of methods and apparatus effective for use in ifting
or otherwise applving iension to vartous Bssues, includimg tissugs of the breast, butlock, thugh,
arm, abdomen, neck and face.

United States Pateny Application 2008/0234731 to Leung, et al. discloses a suture anchor
for approximating tissue to bone or other tissue. The suture anchor comprises an anchor mamber
to fixedly engage the bone for secuwing the anchor member relative 1o the bone. A pluratity of
sutwes are mousted to the proximal end of the anchor member so that the sutures extend
outwardly from the anchor member. Each sulure has a sharp pomted distal end for penetvating the
tissue and & plurality of barbs extending from the penphery and disposed along the length of the
body of the suture. The barbs permit movement of the sutures through the lissue wy a divection of
movement of the pointed end and prevent movement of the sutures relative to the tissue in a
direction opposite the direction of movement of the pointed end. At least one pointed distal end of
at feast one suture comprises a needle.

United States Patent Application 20090248071 {o Samnt, et al. discloses methods and
apparatus for use 1 supporbing tissoee 1o a patient's bodv. In some embodiments, the patient’s breast
15 supported. In some embodiments, the methods provide ways of supporting and adjusting tssue,
and the apparatus incledes components and embodiments for supporting and adjusting the tissue
Some ambodiments include a supporting Jevice, having a first portion, a second portion, and a
support member positioned between the first porlion and second portion. Seme embodiments

nclude advancing the first portion of the supporting device mio the body to a first location in the
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body; advancing the second portion of the supporting device into the body o a second focation in
the bady: securing the first portion of the supporting device at the first location; and shifting soft
fissue in the body with the support member,

Dnited States Patent Application 2009/0287227 to Newell, o al. disdoses methods,
systems, devices and assemblies for treating a patient by: making sn incision or puncture though
the patient's skin over the abdominal cavity. An inihal tract is established through an opening
formed by the incision or puncture. An mstrument is advanced through the fract; contacting a
dislal end povtion of the instrument seainst an mner swface of the abdominal cavity, and driving ot
feast one shitching needle through the mner surface of the abdomunal cavity. The driving is
continued until the at least one stitching needle exits the inner surface of the abdoninal cavity. A
suture anchor is camed by each of the at least one stitching needle to a suture anchor af an extt
location, respectively. Tension is applied 10 each of the suures.

United States Patent Apphication 2010/0101526 o Bennett discloses a surgical suture
svstem, suture, and tissue engaging member for tissue repair and reattachment of fom fissue to a
tissue subsirate. medical prosthesis or medical implant. The system mcludes the clonpated flexible
suture member having a phealidy of longiludinatly spacad protuberances along a length thereof
and one or g pluralily of the tissue engaging members each of winch melude two dosely spaced
apart locking apertwes sived and configured 1o receive one of the suture members passed
therethrough or a unique single focking aperture o allow longitudinal tensioning and/or restraming
movernent of the sutare member in only one divection through the locking apertires [or subure
member tightening,

United States Paternt Application 2010/0160963 to Fallin, ot al. discloses a systern for
attaching soft fissue fo bone including an anchor, a swture, and a fissue retainer. The anchor may
have a threaded tp that engages the bone. and a suture retention portion with passagewavs
arranged such that each of frst and second anchor portions of the suture can be drawn through the
passagewavs along only a single direction. The tissue retainer has passagewavs through which the
suture can freely move i either direction. Thus, the anchor and the tissue retainer may be atlached
to hone and tissue, respectively, and the sulure may be drawn o subsiantially wreversibly draw the
bone and Hssue together. In alternative embodiments, an anchor may receive only ong portton of
suture andfor one suture end may be affixed 1o the anchor. The anchor may altematively permit
free motion of the suture, while the tissue retainer permifs passage of the suture along only one
direction.

United Stgtes Patent Apphication 2012/0101524 {o Bennett discloses a surgical sufure
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svstem for tssue repair and reattachment of torm tissue o a tissue substrate, medical prosthesis or
medical implant. The svsiem includes an elongated flexible suture member having a plurality of
longitudinally spaced protuberances along a length thereof and a pheality of Hissue engaging
members sach nchading two spaced apart locking apertiwres sized 10 receive the satwe member
passed therethrough o alfow longiuding movement of the sutwre member in ouly one divection
through the focking apertures for suture member tightening

United States Patent Apphication 201370090686 1o Covidien discloses barbed swrgical
sutures are provided which include an elongated body and a plurality of barbs extending
therefrom. A bioactive agent is disposed within basb angles formed between the barhs and the
elongated bodv. The barbs mav be made from a shape memory polvmer having a permanent
shape which may be deformed 0 a femporary shape, such that barbs of the sulure extend o
different barh angles in the different shape configurations. The barh angles of the permanent shape
may be greater than the barb angles of the temporary shape, thereby exposing andfor releasing a
noactive agent after placement in tissue.

Although the forgmng prior art has contributed fo the swrgieal art, none of these have
provided a new system for secunng sutures to 3 tissue or a bone suitable for usa n general as well
as arthroscopic, endoscopic, laparoscopic or minimally nvagive surgery,

Therefore, it is an object of the invention to provide ap improved hand tool comprising a
rotation driver for rotationally nserting a screw within a bone,

Another object of this invention is to provide a novel serew suitable for use with the
rotation drnver for completely embedding the screw mlo the bone while permiting a subwre to be
threaded through a transverse aperture i the screw.

Another object of fhag invention is to provide a rolation duaver for factlitating the inserfion
and engagement of a capture with one of a senes of protuberance formed along a length of a
sutlre.

Another object of thiz invention is 1o provide a method for forming a series of
protuberance along a length of a suture.

The foregotng has ountlined some of the more partinent objecis of the present vention.
These objects should be construed as being merely lhustrative of some of the more prominent
features and applications of the ivention. Many other beneficial remulls can be obtained by
modifving the inverttion within the scope of the invention. Accordingly other objects in a Al
understanding of the invention may be had by relening © the swmmary of the pvention, the

detailed deseripiion describing the preferred embodiment in addition 10 the scope of the mvention
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defined by the clanms taken in conjunction with accompanving drawings.

SUMMARY OQF THE INVENTION

The present invention is defined by the appended claims with specific embodiments being
shown in the sitached drawings  For the purpose ol summmizing the invention, the first
embodiment of the nvention relates to an improved hand tool for rotationally inserting a screw
within a bone.  The hand tool comprises a rotattonal driver having a handle supporting a shafi
axtending from a proximal end to a distel end. A socket is defined in the distal end of the shatt for
revetving a head of the sorew for rotationally inserting the sorew witlin the bore. A first and a
second slot is located in the socket defining a first and a second cutting edge for cutting the bone
upon rotation of the rotational driver 1o suvulianeousty maert the screw and countersink the head
of the screw within the bone and also allow suttre from as receiving screw 10 pass out from screw
and along driver shaft withouot engaging sharp countersinking edges of ddver.

A second embodument of the invention relales to an improved fastenar {or inserfion o a
lrving tissue by g rotational driver. The fastener comprises a screw body extending between a
screw Up and a screw head. The screw head defines a socket shape in an outer periphery of the
screw head for enabling the rotational driver 1o rotationally insert the screw body into the living
tissue, A transverse sperture extends through the serew body below the screw head. Afintand a
second channel s defined m opposed sides of the screw head and communicates with the
fransverse aperture for enabling a sature to extend through the first and second chamels and the
transverse apariure while the screw body is mserted info the hving tssus by the rotational driver
The first and second chamnels and the fransverse aperture are dunenstoned for enabling the suture
i be moved through the first and second channels and the wrangverse aperttre when the screw
hody is totally embedded into the living tissue and allows for the shutthing of & sutwre through the
embedded screw.

A third embodiment of the invention relates 10 a method of securing a tissus 1o 8 bone with
asuture. The suture has a series of protuberances spaced apart along a length thereof. The method
comprizes the steps of rotating a dnver for dving a screw mio the bone with the suture extending
through the transverse aperture i the screw. A first end of the sutwre 15 passed through a central
aperture 1 the driver and 15 threaded through a central aperture i3 a capture.  The capture is
protuberances for securing the first end of the suture. A second end of the suture 1s secured for

securing the tissue to the bone.
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A fourth embodiment of the invention relates to a method for forming a protuberance on a
suture comprising the steps of placing g suiwe to extend through 3 mold cavity,  An adhesive is
inserted into the mold cavity. The adhesive 1s permitied o core i the mold. The suture and the
adhered protuberance i removed from the mold.  Preferably, sach of the mold cavities has a
leading edpe shape defined for cooperation with the emrance aperture contonr of the capture and a
tratting edge shape defined for cooperation with the reverse aperture contour of the capture. Other
methods melude a process that requires the application of 3 melied substance-requining substantial
temperatures to place material onto a suture wiach can damage the suture ftself, this techiigue
inchudes the application of an adhesive that sels at ambient temperaturs or some other method that
do not affect the suture,

The foregomg has outlined rather broadiy the more perticent and important features of the
present ipvention in order that the detaled description that follows may be better understood so
that the present contribution to the art can be more fully appreciated. Additional fealuves of the
mvention will be described heramafier which form the subject matier of the mvention. It should
be appreciated by those skilled i the art that the conception and the specific embodiments
disclosed may be readily wiilized as a basis for medifving or designing other stracturss for
carrving oul the same purposes of the present invention, H should also be realized by those skilled
in the ant that such equivalemt constructions do not depart from the spurit and scope of the

mvention

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understamding of the nature and objects of the invention, reference should be
made to the [ollowing detatled description taken i connection wilh the accompanying drawings m
which:

FIG. 1 is 2 top isometric view of a rotational driver and a screw incorporating the present
mventon;

F1G. 2 1s a bottom isometric view of FIG.

FIG. 318 a top view of the rotational dnver and screw of FIGS. 1 and 2;

FIG. 415 a side view of FIGQ. 3;

FIG. S1s an enlarged view along line 3-5 in FIG. 4;

FIG. 613 an enlargad view of a portion of FIG. 4,

FIG. 7 is an enlarged sectional view slong hine 7-7 in FIG. 4,

FIG, 8 is a top view simular to FHG. 3 idlustrating the rotational driver;
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FIG. 215 an enlarged view along line 9-9 i FIG. 8;

FIG, 10 is a sectional view along line 10-10 in FIG. §;

FIG. 111 asectional view along line H1-11 in FIG. 9;

FiG. 12 s an enlamged side view of the improved fastenar of the present invention shown
n FIGS. 1-7;

FIG. 1315 atop view of the screw of FIG 12,

FIG. 14 is aleft end view of the screw of FIG. 12 illustrating the tip of the screw;

FIG. 15 is aright end view of the sorew of FIG. 12 itlustrating the head of the serew,

FIG. 16 iHhustrates a first stap in securing a fissue 10 a bone including rolating the rotational
driver with a suture for inserting a first screw with a suture mto the bone and for cutting the bone
o courttersink the head of the gerew;

FIG. 17 is ap enfargad view of the distal end of the rofational dryver of FIG. 16 illustrating
the cutting the bone to countersink the head of the first scresv and then application of the capture
so that the capture sits flush with the bone swface;

FIG, 1815 a view sunilar to FIG. 17 lostrating the free movement of the suture through a
fransyerse aperlure when the first screw is completely ambeddad mto the bone;

FIG. 19 s atop view of FIG 18,

FiG. 20 sthwtrates the step of passing & first end of the suture through a resilient loop of a
capture magazine for threading the frst end of the suture through a caplure aperfwe of a firsl
capture;

FIG. 21 illustrates the captre apertue of the first capture being moved along the sutare;

FIG. 22 Hustrates the step of passing the first end of the suture through a contral aperture
in the driver;

F1G. 23 illustrates the step of pushing the capture with the driver along the suture to
tockingly engage the capture with one of the series of protuberances for securing the first end of
{he suture;

FIG. 24 15 an enfarged view of a portion of FIG. 23

FIG. 25 illustrates the step of mnserting a second screw and a subwre shuttle into the bone
and for cutting the bone to countersink the head of the second screw;

FIG. 26 illustrates the step of inserting a second end of the sutwe into the foop of the
suture shutile;

FIG. 27 is an eplarged view of FIG. 26 illustrating the free movement of the suture shulile

through a ransverse aperture when the second screw 13 completely embedded into the bone;
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FIG. 28 illustrates the step of threading the second end of the suture through a transverse
aparture of the second screw;

FIG. 29 illustrates the second end of the suture threaded through the transverse aperture of
the second scraw,

FIG. 30 is an entarged view of a portion of FIG. 29;

FIG. 31 illustrates the step of passing the second end of the sature through the resilient
loop of the capture magazine for threading the second end of the suture through a capture aperture
of asecond capture;

FIG. 32 illusirates the step of passing the second end of the suture through a ceniral
aperture in the driver;

FIG. 33 iflustrates the step of pushing the second capture with the dnver along the suture
to fockingly engage the second capture with one of the series of protuberances for securing the
second end of the sutore;

FIG, 34 ithestrates the second caphiwe lockingly engaged with one of the senies of
profuberances the sutwre;

FIG. 35 15 an enlarged view of a portion of FIG. 34 showing the captiwe Bush in the bone;

FiG. 36 15 an isometric view of a firgt example of g suture having a serfes of protuberances
angaging with a capiure aperiure of a captore;

FIG. 37 is an isomettic view of a first step in & method for formng a protuberance on a
suture osteating placing a suture to extend through a mold cavity;

FIG. 38 i3 an sometnic view of a second step in the method for forming the protuberance
on the sulvre ilustrating mseriing an adhesive mto the mold cavity;

FEG. 39 i3 an isomednne view of a thurd step in the method for formang the protabarance on
the suture illustrating removing the suture with the adhered protuberance from the mold;

FIG. 40 15 an isometric view of a second example of a suture having a series of
protuberances engaging with a capture aperkue of a capture;

FIG. 41 15 an sometiic view of a fivst step 1n a method for forming a protuberance on a
suture dlostraiing placing a suture mto & mold having a series of mold cavities with each of the
mold cavities having a leading edee and a tratling edge contoured for a specific capture;

FIG. 42 is an isomaeinic view of the step of inserting an adhesive into the mold;

FIG. 43 is an msomedric view of the swep of removing the syture with the adhered
protuberance from the mold:

FIGS. 44-51 slustrate varigtions within the longiudingl suture or suture redundancies
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which allow the adbesive 1o hold more securely 1o the suture aud prevent the profuberances from
sliding along the length of the sutere during a tenstle load™
FIG. 4415 a sectional view of a thivd example of a protuberance formed on a suture
FiG. 43 iy a sectional view of a foanth example of a protubsrance formed on a sulurg;
FIG. 46 is a sectional view of a fifth example of a protuberance formed on a suture;
FIG. 4715 a sechional view of a sixth esample of a protuberance formed on a sature;
FIG. 48 iz g secuonal view of a seventh example of a protuberance formed on a suture;
FIG. 49 is a sectional view of a eighth third example of a profuberance formed on a suture;
FIG. 50 s a sectional view of a ninth example of a protuberance formed on a sutuge;
FIG. 511 asectional view of a tenth example of a protuberance formed on a suture;
Simular reference characters vefer {0 similar parts throughowt the several Figures of the

drawings,

DETAILED DISCUSSION
FIGS, 1-7 are vanous views of an apparatus § for securmg a suture 10 o hving tissue 20

4 oy -

shown in FIGS 21-35. In this example, the suture 10 has a fexible component 13 and a series of

protuberances 14 spaced apart and along a length of the flaxible component 13, The flexible
component 13 mav be a monofilament or may be a braded flexible component 13, The
protuberances 14 may be formed or nolded along the length of the flexsble component 13 or may
be knots tied along the length of the flexible component 13.

The apparatus 3 comprises an improved hand fool shown as a rolational deiver 35 having a
handle 40 suppaorting a shaft 60, The handle 40 includes a first and & second swiure retainer 41 and
42 Tocated on opposed stdes of the handle 40, A first and a second jam cleat 43 and 44 cooperate
with the first and second suture retainers 41 and 42 for temporarily retaining at least one sutwre 10,
In this embodiment, the fivst retainer 31 and frst jam cleat 43 retains a first end 11 of the suture 10

whereas the second retainer 42 and the secord jam cleat 44 lemporarily retains a second end 12 of

the suture 1. A first and second pass through 40 and 47 ave defined 1n the first and second suture

retainess 41 and 42 for passing a subure between opposed sides of the handle 100 As will be
described i greater detail heremnafler, the suture 10 extends through a screw 100 for enabling the
rotational driver 33 1o rotationally insert a screw 100 into the living tissue 20 while the sutwe
axtends through the screw 100,

As best shown in FIG. 4, a caplure magasine 3038 located on the bandle 40 i proximity 1o

the juncture of the handle 40 and the shaft 60, In {luy embodiment, e caplure magazne 30 i3
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shown storing captures 51-54 threaded onto a resihent wire loop 55 The resthent wire loop 55
extends through capture orifices within each of the captures 31-34. As will be described in greater
detail here and after, the resilient wire loop 55 facilitates threading of the sutwre 10 through the
capturg orifice in the capture 31

The shaft 60 extends from a proximal end 61 adjacent to the handle 42 a distal end 62 A
socket 64 is defined in the distal end 62 of the shall 60 for receving the serew 100, Preferably, the
screw 1083 is retatned m the socket 64 by a fiictional fit between the socket 64 and the screw 100,
As will be ilhsstrated heveinafter, the socket 64 of the shaft 60 is configured for engaging with a
capture 31 for pushing a capture with the rotational diiver 35,

A first and & second slot 71 and 72 are located in the socket 64 at the distal end 62 of the
shaft 60. The swtere 10 extends fom the screw 100 through the first and second slots 71 and 72 0
the first and second sutuwre retainers 41 and 42 for temporanily retaining the suture 18 with the
socket 64

FIGS. B-11 are fusther views illustrating the rotational dover 35 of FIGS. 17 In ths
example of the tvention, the socket 1s shown as a hexagonal socket for engaming with screw 100,
The first and second slots 71 and 72 are located on opposed sides of the hexagonal socket 64, The
adges of the first and second slots 7Y and 72 are sharpened to form a first and a second cutting
adge 81 and 82, The first and second catting edges 81 and 82 are able to cut through bone tssue
apon rotation of the rotational driver 35 wisle simudtanecusly msert the screw 100,

As best shown in FIGS 10 and 11 a central osifice 90 is defined in the distal end 62 of'the
shaft 60. The central onfice 90 extends {from a socket end 91 to a shaft end 92 located at an owter
sutface of the shafll 60 defining a tunmel 93 there between. The tunnel 93 postions a suture 10
centrally i the distal end 62 of the shafl 60 The tunnel Y3 enables the suture 10 1o be past
through a capture 31 and through the tunnel 93 for enabling the rotational driver 35 to push the
capture 31 along the suture 14

FIGS. 12-13 are enlarged view ifhusirating the screw 100 of the present invention. The
sereve 100 comprises a screw body 102 baving a helical screw thread shown as a canellous screw
thread 1. The screw body 102 extends betwean a screw fip 106 and a screw head 110 The
screw head 110 defines a socket shape in an outer periphery of the screw head 110 for enabling the
socket 64 of the rotational driver 35 to rotationally ingert the serew 100 into the Biving tissue 20, In
this example, the screw head 119 is shovwn as having a cross-section of a regular polvzon and
particular a regular hexagon.

A {ransverse aperture 1135 extends through the screw bodv 102 of the serew 100 The
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fransverse aperture 115 s perpendicular © an asss of rotation (ot shown) extending from the
seraw Up 106 10 the sorew head 1100 A firet and a second chanwel 121 and 122 are recessed o
the outer pesiphery of the screw head 110 and allow for the nsertion of the serew without & suture
and by using a suture shuitde allow for a suture 10 be threaded through the embedded serew after
implantation.  In this example, the first and second channels 121 and 122 are recessed wuo
opposed sides of the regidar hexagon. The first and second chanvels 121 and 122 commumicate
with the fransverse aperinre 113 to form a screw pathway 125 for the sutare 10, The first and
second channels 121 and 122 and the transverse aperture 113 of the screw pathway 125 are
dimensioned for enabling the sutwre 10 1o be easily moved and or threaded through the screw
pathrway 125 while the screw body 102 inchuding the screw head 110 15 totally embedded into
fiving tssue 20,

It should be apprecisted by those skilled m the art that the screw 100 may take vanous
forms and shapes and still obtain the benefit of the present invention. For example the length, size
and shape of the screw body screw 102, the screw threads 104, the screw tip 106 as well as the
screw head 10 may be varied depending upon the deswed medical {reatmient.  Furthermore, the
serew pathway 125 comprising the first and second channels 121 and 122 and the transverse
aperture 115 may fake several shapes and sizes for enabling the suture 10 o be easily moved and
or threaded through the serew pathway 123,

A specific example of the dimensions of {he screw pathway 123 15 shown in FIGS. 13 and
15 but should not be construed as bemny a limitation on the present invention.  The distance {D} is
shown between opposed sides of the regular hexagon of the serew head 110 s shown in FIG. 15
Each of the first and second channels 121 and 122 has a recess depth [D/3] greater than ong-third
the divtance (D] baetween opposed sides of the regudar hexagon of the scresv head G, Each of'the
first and second channels 121 and 122 having a length greater than the distance [D} between
opposed sides of the regudar bexagon of the screw head 110,

Referring back to FIGS. 1-7, the {irst and second slots 71 and 72 of the distal end 62 of the
shaft 60 are aligned with the first and second channels 121 and 12 of the screw head 118 The
suture 10 extends through the serew pathway 125 comprising transverse apertare 115 and the first

and second channels 121 and 122 of the screw 110 and into the first and second slots 71 and 72 of

the shaflt 60, The socket 64 is able 0 engage (he outer periphery 112 of the screw head 110 when

the sutore 10 extends through the first and second channels 121 and 122 of the serew 110,
Furthermore, the st and second chamnels 121 and 122 1 the screw 100 permit the satwe 100

extend from the first and second slots 71 and 72 of the shaft through the first and second channels
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121 and 122 and the transverse aperture 113 of the screw 100 whiles the frst and second cutting
edges 81 and 82 cut the bone 21 to countersink the head 110 of the seraw 11( within the bone 21

FIG. 16 iltostrates a firet step n securing soft Hssue 22 (0 o bone 21 inclading rotating the
rotational driver 35 with the swure 10 for inserting the first screw 100A with the attached suture
10 o the bone 21 and for cutting the bone 21 to countersink the head 110 of the screw [00A

FIG 17 is an enlarped view of the distel end of the rolational driver 35 of FIG. 16
Hlustrating the cuiting the bone 21 (o countersmk the head 1140 of the first screw 1004,

FIG. 18 s a view similar o FIG. 17 llustrating the free movement of the suture 10 through
the ransverse aperture 15 when the first sorew 100A s completely ambadded wnto the bonge 21

FIG. 19 is a top view of FIG. 18 further illustrating the free movement of the suture 10
through the transverse aperiure 115

FIG. 20 dlustrates the step of passing the first end 11 of the sulwre 10 Swough the resilient
loop 55 of a capture magazine 30 for threading the first end 11 of the suture 10 through a capture
aperture 31X of a first capturg 531, The suture 10 bends approximately ong hundred and eighty
degrees as the first capture 51 s removed from the resilient loop 35 o thread a loop of the suture
10 through the capture aperture 31X of a fivst caplura 51

F1G. 21 lostrates the capture apevture 51X of the first capture 51 being moved along the
suture 14,

FIG. 22 dlustrates the step of passing the fisst end 11 of the suiure 180 through the ceniral
aperfure 90 in the rotational driver 35,

FiG. 23 iHasiraies the step of pushing the capture 51 with the rotational driver 35 along the
sutre 10 o lockingly engage the capture 51 with one of the sevies of protuberances 14 for
securing the first end 11 of the suture 1,

FIG. 24 15 an enlarged view of a portion of FIG. 23 further illustrasing the locking
engagement of the capture 51 with one of the protuberances 14 of the suture 10,

FIG, 25 illustrates the step of mserting a second screw 1008 and a sutwee shuttle 30 mio

ihe bone 21 and for catting the bone 21 to countersink the head 110 of the second screw 100B.

The sutuse shuitle 38 extends between a first end 31 and a second end 32 and has aloop 33
located at the first end 31 Preferably, the suture shwfle 30 is treaded through the transverse
aparture 113 of the second screw 100B before the second screw 100B 15 mseried into the socket 64
of the rotational driver 33,

FIG. 26 Hustrates the step of inserting a second end 12 of the suture 10 o the Toop 33 of

the suture shustle 30
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FIG. 27 is an enlarged view of FIG. 26 illustrating the free movement of the suture shuttle
30 through a transverse aperture 115 when the second screw 100B is completely embedded into
the bone 21.

FIG. 28 illustrates the step of threading the second end 12 of the suture 10 through the
transverse aperture 115 of the second screw 100B. As the suture shuttle 30 is pulled through the
transverse aperture 115 of the second screw 100B, the loop 33 bends the suture 10 approximately
on¢ hundred and eighty degrees to form a doubled up suture loop that is threaded through the
transverse aperture 115 of the second screw 100B. The second channels 121 and 122 and the
transverse aperlure 115 are dimensioned [or enabling the doubled up suture loop of the suture 10
to be casily threaded through the second screw 100B while the second screw 100B is totally
embedded into the bone 21.

FIGS. 29 and 30 illustrates the second end 12 of the suture 10 threaded through the
transverse aperture 115 of the second screw 100B. The suture 10 is free to move through the
second screw 100B while the second screw 100 is totally embedded into the bone 21 in order to
tighten the suture 10 to bring the soft tissue 22 into engagement with the bone 21.

FIG. 31 illustrates the step of passing the second end 12 of the suture 10 through the
resilient loop 55 of the capture magazine 50 for threading the second end 12 of the suture 10
through the capture aperture 52X of a second capture 52.

FIG. 32 illustrates the step of passing the second end 12 of the suture 10 through a central
aperture 90 in the rotational driver 35 after the capture aperture 52X of the second capture 52 has
been moved along the suture 10.

FIG. 33 illustrates the step of pushing the second capture 52 with the rotational driver 35
along the suture 10 to lockingly engage the second capture 51 with one of the series of
protuberances 14 for securing the second end 12 of the suture 10.

FIGS. 34 and 35 illustrate the second capture 52 lockingly engaged with one of the serics
of protuberances 14 of the suture 10. The suture 10 was free to move through the second screw
100B while the second screw 100B was totally embedded into the bone 21 in order to tighten the
suture 10 to bring the soft tissue 22 into engagement with the bone 21.

FIG. 36 is an isometric view of a first example of a suture 10A having a series of
protuberances 14A engaging with a capture aperture 56X of a capture 56.

FIG. 37 is an isometric view of a first step in a method for forming a protuberance 14A on

Date Regue/Date Received 2020-05-12
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asuture 10A. The mold 130A compnises a first mold and a second mold 131A and 1324 defining
a first and 3 second mold cavity 1334 and {34A. Feeder tubes 135A communicate with the mold
cavity 135A for introducing an adhesive 137A one into the mold cavity 135A. A {lexible sanue
component 13A is placed into the wold cavities 133A and 134A 1o extend through the mold cavity
130A.

FIG. 38 is an isometiic view of a second step n the method for forming the protuberance
14A on the suture 10A dostrating inserting an adhesive {37A mto the mold cavities 133A and
134A through the feeder tubes 135A

FIG. 39 is an isometric view of o third step in the method for forming the protuberance
14A on the sutwre 10A jHustrating removing the suture 10A with the adhered prowberance 14A
from the mold 130A. The protuberances 14A are formed entirely of the adhesive 1374,

FIG. 40 is an isometric view of a second exanyde of a sutwre 10B having a series of
protuberances [4B engaging with a caplure aperture 57X of a captwe 37 In fhis example, each of
the protuberances 14B has a leading edge 141B and a wailing edge 142B. In contrast to the
profuberances 1A shown in FIGS. 36-39, the leading edge 1418 13 not symmetnical with the
traffing edge 142B.  The non-svmmetrical design of the proluberances 148 ave specifically
designed to engage with the specific capture at aperture 37X of a capture 87,

FiG. 41 15 an isometric view of a first step in a method for forming a protuberance 148 on
asubire 108, The mold 130B comprises a st mold and 2 second moid 1318 and 1328 defining
a first and a second mold cavity 1338 and 1348

The first and second mold cavity 1338 and 1348 define a leading mold portion 1518 and
a trading mold portion 1528, The feading moeld porion ard trailing mold portion 1318 and 1528
correapomd o the leading edge 1418 and the ttatling edgs 1428 of the protuberances 14B. Feeder
tubes 135B communicate with the mold cavity 130B for introducing an adhesive 1378 into the
mold cavity 1308, A fleuble suture component 13B 15 placed into the mold cavities 1338 and
1348 to extend through the miold cavity 1308,

FIG. 42 15 an msometic view of a second step in the method for formng the protuberance
148 on the sutwre 108 illustrating inserting an adhesive 1378 mio the mold cavities 133B and
1348 through the foeder tubes 1358,

FIG. 43 i an isometric visw of @ third step in the method for forming the protuberance
148 on the sature 10B illustrating removing the suture 10B with the adhered protuberance 148
from the mold 130B. The protuberances 148 are formed entirely of the adhesive 1378

FIGS. 44-31 are sectional views of example of protuberances 14C-14J formed on a suwre
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HC-100 Similar parts are labeled with sinular reference numerals and added alphabetical
character, Each of the suture 10C-10J mclyde g flexible sutwre component 13C-13] which is the
bent, shaped or tied 1o stabilize the protuberances 14C-140 formed solele from an adhesive 137
The bend shape or knot of the flexible suture component 13C-13) provides mechamical strength
and prevent slippage of the protuberances 14C-144.

FIGS. 36-43 1Hustrate a specific molding process for formung the protaberances 14 on a
flexible suture component 13 for providing the suture 10, It should be undersiood that vasious
other molding processes and or techmguoes may be utifized for forming the protuberances 14 on a
flexible suture component 13, For example. various adbesives may be used ag weall a3 various
types of molding technigues such as waffle stvle and clam shell molds made of metal PTFE, or
TEFLON as well a1 3-D printing and the hike.

The present disclosure mcludes that contained n the appended claims as well as that of the
foregomy description.  Although this invention has been descnbed n its preferved form with a
certain degree of particularity, 1t 1s undersiood that the present discloswre of the preferred form has
been made only by way of example and that nomercus changes in the detals of constroction and
the comlunation and arrangement of parts may be resorted to withowt departing from tha spirit and

scope of the Invention,
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CLAIMS

1. An improved hand tool for moving a capture along a suture, the capture having a
central locking aperture for moving the capture in a first direction over the suture and
for resisting moving the capture in a second direction over the suture, the improved
hand tool comprising: a driver having a handle supporting a shaft extending from a
proximal end to a distal end; said shaft being a solid shaft adjacent to said distal end of
said shaft; a channel extending from a central orifice defined in said distal end of said
solid shaft and extending axially through said solid shaft and communicating with an
outer surface of said solid shaft for enabling the suture to extend therethrough and to
extend outside and adjacent to said solid shaft; said distal end of said shaft configured
for centrally positioning said capture when the suture extending through central orifice
of said channel passes through the central locking aperture of the capture for enabling
relative movement between said driver and the suture for pushing the capture along

said suture at said distal end of said shaft.

2. An improved hand tool as set forth in claim 1, wherein said distal end of said shaft is

circular.

3. An improved hand tool for moving a capture along a suture having a series of
protuberances disposed along the suture, the capture having a central locking aperture
for moving over the series of protuberances in a first direction and for resisting
moving over the series of protuberances in a second direction, the improved hand tool

comprising:
a driver having a handle supporting a shaft extending from a proximal end to a distal end;
said shaft being a solid shaft adjacent to said distal end of said shaft;
a socket defined in said distal end of said solid shaft for receiving a bone anchor;

a first and a second slot communicating said socket with an exterior of said driver for

treading a suture through the bone anchor;

Date Regue/Date Received 2020-05-12
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a channel extending from a central orifice defined in said socket of said distal end of said
solid shaft and extending axially through said solid shaft and communicating with an
outer surface of said solid shaft for enabling the suture to extend outside and adjacent

to said solid shaft; and

said distal end of said shaft configured for centering the capture in alignment with said
central orifice of said channel and for enabling relative movement between said driver
and the suture for pushing said capture along said suture at said distal end of said shaft

when said suture extends through the central locking aperture of the capture.

4. An improved hand tool as set forth in claim 3, wherein said distal end of said shaft
pushes said capture along said suture in the first direction to properly position the

capture to resist movement in the second direction.

5. An improved hand tool for moving a capture along a suture having a series of
protuberances disposed along the suture, the capture having a central locking aperture
for moving over the series of protuberances in a first direction and for resisting
moving over the series of protuberances in a second direction, the improved hand tool

comprising:
a driver having a handle supporting a shaft extending from a proximal end to a distal end;
said shaft being a solid shaft adjacent to said distal end of said shaft;
a socket defined in said distal end of said solid shaft for receiving a bone anchor;

a first and a second slot communicating said socket with an exterior surface of said driver

for treading the suture through the bone anchor;

a channel extending from a central orifice defined in said socket of said distal end of said
solid shaft, extending axially through said solid shaft and communicating with an
outer surface of said solid shaft for enabling the suture to extend outside and adjacent

to said shaft; and

said distal end of said shaft configured for centrally positioning said capture when the

suture extending through central orifice of said channel passes through the capture for

Date Regue/Date Received 2020-05-12
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enabling relative movement between the suture and said driver for pushing the capture

along said suture at said distal end of said shaft.

6. An improved hand tool for moving a capture along a suture, the capture having a

central aperture, the improved hand tool comprising:
a driver having a handle supporting a shaft extending from a proximal end to a distal end;
said shaft being a solid shaft adjacent to said distal end of said shaft;
a socket defined in said distal end of said solid shaft for receiving a head of a screw;

a first and a second slot communicating said socket with an exterior surface of said driver

for treading the suture through the screw;

a first and a second cutting edge defined in said first and second slots for cutting a bone
upon rotation of said rotational driver to simultaneously insert the screw and

countersink the head of the screw within a bone;

a channel extending from a central orifice defined in said socket of said distal end of said
solid shaft and extending axially through said solid shaft and communicating with an
outer surface of said solid shaft for enabling the suture to extend outside and adjacent

to said shaft; and

said distal end of said shaft configured for centrally positioning said capture when the
suture extending through central orifice of said channel passes through the capture for
enabling relative movement between said driver and the suture for pushing the capture

along said suture at said distal end of said shaft.

Date Regue/Date Received 2020-05-12
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