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(57) Abstract

(20) and fasteners (2) in combination.

A fastener (2) for binding a layer of mammalian soft tissue (22) to a
mammalian bone (24) includes a body portion (4) for disposition in a bore in
the bone, the body portion (4) having means (12) thereon for resisting movement
of the body portion (4) from the bore. The fastener (2) further includes gripper
portions (8) extending from the body portion (4) and extendible through the layer
of tissue toward the bone to bind the tissue to the bone. The invention further
contemplates a method for making the fastener, a method for binding layers of
material together using the fastener, a tool (20) for setting the fastener, and tools |

(54) Title: APPARATUS AND METHOD FOR BINDING A FIRST LAYER OF MATERIAL TO A SECOND LAYER OF MATERIAL
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APPARATUS AND METHOD FOR BINDING A FIRST

LAYER OF MATERIAL TO A SECOND LAYER OF MATERIAL

Field Of The Invention

This invention relates to fasteners, methods, and tools for
binding a first layer of malerial to a second layer of material,

including the binding of soft tissuc Lo bone.

Background Of The Invenlion

In the attachment of soft tissuce, or the like, Lo bone, it
has been customary Lo utilize sulure anchors of the sort
comprising (i) a body having bone engaging means, and (1i) a
length of suture secured Lo Lthe body, such that when Lhe sulure
anchor is driven into the bone, Lhe sulbure material can be used
to tie the soft tissue Lo Lhe bone. Such sulturing gencerally
requires skill, suturing Lools, and vroom in which to mancuver.
It also requires attention, on Lhe part of the surgeon, Lo Lhe
possible knotting and/or centangling of sulure strands during Lhe
procedure.

Thus, there is a need for tissue anchors, or fastcnhers,
which operate to hold tissue on bone withcult Lhe need for suture
or other tie-down Lype fastening means.

More particularly, there is & need for a new type of tissue

anchor, or fastener, which can be used Lo bind sofl Lissue Lo



WO 97/47244 PCT/US97/10080

-2~

bone, and which may be manufactured simply and inexpensively, so
as nol Lo increase the overall cost ol Lhe fastening procedurc.
There .is also a need for a method for binding two layers of
material together, such as tissue and bone, which method does not
require suturing one layer to another.
In addition, there is a need for a simple, inexpensive and
reliable tool for deploying the aforesaid fastener effectively

and quickly.

Objects Of The Invention

It is, therefore, an object of the present invention Lo
provide fasteners for binding one layer of material to another,
including binding a layer of mammalian soft Lissue Lo a layer of
mammalian bone.

Another object of the invenlion is to provide a method for
manufacturing such fasteners.

A further object of the invention is Lo provide an improved
method for binding Logether Lwo such layers of malterial.

A still further object of the snvention is to provide
appropriate tools for deploying the aforesaid fasteners so as to

bind together the two layers of material.

Summary Of The Invention

These and other objects of the present invention are

addressed by the provision and use of a novel fastener for
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binding a first layer of malterial Lo a sccond layer ol material.
The fasltener compriscs a body portion for disposition in a bore
in the first layer, the body portion having means thereon for
resisting movement of the body portion from Lhe bore. The
fastener further comprises gripper portions extending from Che
body portion and extendible through the sccond layer toward the
first layer so as to bind the second layer to the first layer.

The objects of the presenlt invention are further addressed
by the provision and use of a novel fastener for binding a layer
of mammalian soft tissue to a mwammalian bone, the fastener
comprising a body portion for disposition in a bore in lthe bone,
with the body portion having mcans thercon for resisting movement
of the body portion from the bore. The fastenor further
comprises gripper portions extending from Lhe body portion and
extendible through the layer of Lissue toward the bone so as to
bind the tissue to the bone.

The objects of the present invention are still furthor
addressed by the provision and use of an alternative fastener for
joining together first and second léyers of material, the
fastener comprising a bocdy portion for disposition in a bore
extending through Lhe first and second layers. The fastener
further comprises legs extending from an end of the body portion
and, through confinement, conformable Lo a cross-seclion of the
body portfon, the legs being self-biased Lo extend racially

outwardly from the body portion and, thereaftoer, in a. direction
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generally parallel to a lenglhwise axis of the body portion, upon
removal of the confincment.

The objects of the present invention are still further
addressed By the provision and use of a method (or making a
fastener for binding a layer of mammalian sofl Lissue to a
mammalian bone, the method comprising the steps of providing a
cylindrically-éhaped member of a rigid material, and dividing a
proximal portion of the member into a plurality of elongated legs
and imbuing the legs with a self-bias Loward curling outwardly
and distally, and providing means on an undivided distal portion

of the member for retaining the distal portion of the member in

the bone.

The objects of the present invention are still furvther
addressed by the provision and use of a novel method for binding
to & first layer of material a sccond layer of material, the
method comprising Lhe steps of providing a bore in the first
layer, overlaying the first layer with a second layer, and
piercing the second lJayer with a cannula to provide an opening
aligned with the bore. The method further comprises moving a
fastener through the cannula and into the bore, and exposing to
the bore means on a body portion of the fastener for engaging
wall portions of the bore so as to retain the fagtener in the
bore, and withdrawing the cannula from the fastener so as to
release legs extending (rom the body porlion of the faslener,

wherein the legs are self-biascd lo extend radially outwardly
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from the body portion and lowards the Cirst layer bhrough the
second layer so as Lo bind the sccond layer Lo the [irst laycr.
The objects of the present invention are still further
addressed by the provision and use of a rool for setling a
fastener to bind together a first layer of material overlaid by a
second layer of material, Lhe firslt laycer having a bore Lherein
transverse to a surface thereof on which the second layer is
disposed, and the fastener comprising a body porlion having mcans
thereon for locking the body portion in the bore, and leys
extending from Lhe body portion and self-biased Lo exlend
radially outwardly from Lhe body porltion, Lhrough the second
layer, and distally Uhrough the second layer Lowards Lhe [irst
layer. The tool comprises a housing, & cannula and a plunger.
More particularly, the housing comprises a tubular stem and, at
one end thereof, an enlarged housing portion defining a chamber.
The cannula is disposed in the stem, and includes a collar
extending outwardly from a proximal ond thereol. The distal end
of the canrula has a penetration peint. The collar is disposed
in the chamber and is adapted Lo be adiacont to a distal wall of
the enlarged housing portion. The plunger comprises a rod
portion that is alt leaslt in part disposed in the cannula and in
part adapted to be disposed in the chamber. The plunger further
comprises a flange portion extending outwardly from the rod
portion in the chamber and which is adapted (o be disposaed

adjacent to a proximal wall of the housing, and a handle portion
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which is fixed to a proximal ond of the rod and extending Lhrough
an opening in the housing. ‘The cannula is adapted Lo receive and
retain the fastener, with Lhe fastener body portion disposed
proximate to the distal end of Lhe cannula and the fastener legs
extending proximally in the cannula. The tool is movable axially
and distally so as to move the cannula penctration point through
the second layer into alignment wilh the bore. The plunger is
movable axially and distally to engage the fastener and Lo move
the fastener into the bore and Lo mdve the flange portion into
contact with the cannula collar in the chamber. The plunger
flange portion has locking means lLhereon for interlocking the
plunger flange portion and the cannula collar. The plunger is
movable proximally in the housing Lo draw the locking means, ancd
thereby the cannula, proximally so as to leave the fastener body
portion disposed in the bore and to wilthdraw Lhe cannula from the
bore and from the second layer so as Lo releasc the fastener legs
for the aforementioned self-biasced movement outwardly and
distally through the second layer.

The objects of the present invention are still further
addressed by the provision and use of, in combination, a faslener
for binding a first layer of material to a second layer of
material, and a fastener-setting tool. The fastencr comprises a
body portion for disposition in a bore in Lhe [irst layer, the
body portion having means thereon for resisting movement of the

body portion from the bore, and gripper portions extending from
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the body portion and extendible through the second layer toward
the [irst layer so as Lo bind Lhe sccond Jayer to the first
layer. The tool comprises a cannula [or making an opening in the
second layer and holding therein the fastener, plunger means for
pushing the fastener out of Lhe cannula and into the bore, and
means for withdrawing the cannula and the plunger means from
.contact with the fastener so as Lo permil the extension of the
fastener’'s gripper portions through the second layer Loward Lhe
[irst layer.

The objects of the present invention are still further
addressed by the provision and use ofl, in combination, a faslener
for binding a first laycr of material to a sccond layer of
material, and a fasltener-sctling tool. The fastener comprises a
body portion for disposiltion in a bore in the first layer, Lhe
body portion having a pointed distal ond and screw threads
extending proximally therefrom, and gripper portions cxlbending
from the body portion and self-biascd to extend outwardly and
distally. The tool comprises a rod having a tubular portion at a
distal end thereof for receiving, and releasably retaining,
portions of the gripper portions thercin. fThe rod is rotatable
so as to threadedly drive Lhe fastencer through Lhe second layer
and the first layer Lo generale the bere and place the body
portion of the fastener in the bore in the lirst layer, with the
gripper portions extending proximally into the second layer and

confined by the rod tubular portion. The rod is withdrawable
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from the gripper portions so as to permil the gripper portions to
move in accordance with their sell~bias oulwardly and distally
through the second layer towards the first layer. The fastener’s
screw threads resist movement of the fastener from the bore, and
the gripper portions bind the second layer to the first layer.
The objects of the present invention are still further
addressed by the provision and use of an alternative method for
binding to a first layer of material a second layer of material,
the method comprising the steps of providing a fasltener having a
body portion with a pointed distal end and screw threads
extending proximally therefrom, the faslenor further having legs
extending proximally from the body portion, the legs being self-
biased to extend outwardly and distally, bul conformable under
confinement to a cross-saecltional area of the body portion
throughout the extent of the legs, and providing a rotatable rod
having a tubular distal ecnd portion adapted Lo receive and retain
proximal portions of the legs, with the distal end of the body
portion being unconfined by the roq tubular portion. The method
still further includes placing the proximal portions of the
fastener’s legs in Lhe lubular portion, and overlaying the first
layer of material with the second layer of material. The method
further includes rotating the rod to threadedly drive the
fastener body portion through the sccond layer and into the first
layer, wiéh the proximal portions of the fastener’s legs being

confined by the rod tubular portion, and withdrawing the rod from
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the fastener so as to enable Lhe fastener legs to respond to
their self-bias to extend outwardly and distally Lhrough the

second layer to bind the second layer to the first layer.

Brief Description Of The Drawings

These and other features, objects and advantages of the
present invention will be more fully disclosed or rendered
obvious by the following deltailed description of the preferred
embodiments of the invention, which are lo be considered in light
of the accompanying drawings in which like reference numerals are
used to designate like clements Lhroughoul, and further in which:

Fig. 1 is a side elevational view of one form of fastener
illustrative of an embodiment of Lhe invention;

Figs. 2-9 are partly scctional, partly elevational views
illustrative of method steps for use of Lhe inventive fastener of
Fig. 1 and illustraltive of a tool flor use wilh the inventive
fastener;

Fig. 10 is a side elevational view of Lhe fastener of Fig.
1, shown deployed in layers of materials, lhe latter being shown
in section;

Fig. 11 is similar to Fig. 10, bul shows Lthe fastener
binding a relatively thin layer of material to an underlying
layer of material;

Fig. 12 is a side elevational view of a portion of a qripper

portion of a fastenher;
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Fig. 13 is an end view of the frece cond of the gripper
portion of Fig. 12;

Fig. 14 is similar to Fig. 12, but shows a gripper portion
of an alternative cross-sectional configuration;

Fig. 15 is a sectional vicw, laken along line 15-15 of Fig.
14;

Figs. 16-20 are side elevational views of alternative
embodiments of gripper porltions of a fastener;

Fig. 21 is similar to Fig. 10 but shows an allernative
embodiment of fastener;

Fig. 22 is similar to Fig. 21, bult shows the fastener of
Fig. 21 deployed to bind a relatively thin layer to an underlying
layer;

Fig. 23 is similar Lo Fig. 21, bul shows sLill anolther
alternative embodiment of fastcner;

Fig. 24 is similar Lo PFig. 23, but shows the fastencr of
Fig. 23 binding a relatively thin layer to an underlying layer;

Fig. 25 is similar to Fig. 23, bul shows another allernative
embodiment of fastener;

Figs. 26-29 are similar Lo Figs. 2-9, but illustrate the usc
of an alternative tool and method for deployment of the fastener
of Fig. 25;

Figs. 30-34 illustrate method steps in the manufacture of

one form of fastener; and
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Fig. 35 is similar to FFig. 33, but shows an allernative form

of fastener.

Detailed Description Of The Preferred Lmbodiments

It is to be understood at the outset that the surgical
context of use of t{he present invention which appears in the
following description has been selected for convenience of
illustration only. Certain features and advantages of the
invention are particularly beneficial in this contexl, and
certain modifications of the invention in its broader aspects
have been developed with specific reference to its surgical
utility. No limitation of the invention in ils broader aspectls
is intended by the choice of this contexl for the following
description, and none should be implied therefrom. Similarly, no
limitation of the present invention is intended from the choice
of descriptive terms for any of the elements discussed below, and
none should be implied Lherefrom.

Referring now to the drawings, and particularly to Fig. 1,
there is shown an illustrative fastcner 2 for binding together
two bodies, or layers, of material. The fastener 2 includes a
body portion 4 at a distal end 6 thereof, and gripper portions 8
extending proximally from body portion 4. "The gripper porlions 8
comprise a plurality of legs 10 which are self-blased, as by heat
treatment, and/or by metallurgical composition, and/or by

plastics or composite molding, or the like, to extend radially
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outwardly and distally, as shown in Fig. 1. N selected number of
gripper portions 8, in manufacture, may be shortened, as by
cutting, to provide barbs 12 self-biased to extend outwardly from
body portion 4. fThe body portion 4 of fastener 2 is of a rigid,
preferably solid, material, such as metal or dense rigid plastic,
Oor a composite thereof, compatible wilh the material of Lho
underlyiné layer. The legs 10 preferably are integral with body
bortion 4 and comprise the same matérial. One preferred material
for the fastener is a so-called "shape memory alloy (SMA)/slress
induced martensite (SIM)" material, such as a nickel-titanium
alloy known as "Nitinol". Sece, for example, the SMA/SIM material
disclosed in U.S. Patent No. 4,665,906 issued 5/19/87 to Jervis
for MEDICAL DEVICES INCORPORATING SIM ALLOY ELEMENTS, which
patent is specifically incorporated herein by reference.

In Figs. 2-9, there is shown a Lool 20 for setting fastener
2 so as to bind together a Ffirst layer 22 of material and an
overlying second layer 24 of material. The tool 20 includes a
housing portion 26 having a tubular stem 28 and, at a proximal
end 29 thereof, an enlarged housing portion 30 defining a chamber
32. A cannula 34 is disposed in stem 28 and is provided wilth a
collar 36 extending radially outwardly from a proximal end 38 of
cannula 34. Cannula 34 is provided with a distal end 40 having a
penetration point 42. Collar 36 is disposed in chamber 32 and is
adapted t5 be adjacenl to a distal wall 44 of enlarged housing

portion .0, as shown in Figs. 2-1.
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A plunger 46 is provided with a rod portion 48 disposed in
cannula 34 and adapted to be disposed in part in chamber 32, as
shown in Figs. 2, 3 and 5-9. ‘The plunger 46 is further provided
with a flange portion 50 disposed in chamber 32 and adapted to bhe
disposed adjacent to a proximal wall 52 of enlarged housing
portion 30, as shown in Figs. 2, 3 and 6-9. The plunger 416 is
still further provided with a handle portion 54 fixed to a
proximal end 56 of rod portion 48,

As shown in Fig. 2, cannula 31 is adaplted to receive and
retain fastener 2, with faslenor body portion 41 disposed
proximate distal end 410 of cannula 31 and fastener legs 10
extending proximally in cannula 34. When fastener 2 is disposed
within cannula 34, legs 10 and any barbs 12 of fastener 2 are
confined by cannula 34.

Before applying tool 20, Cirst layer 22 is provided with a
bore 58 and second layer 24 is laid over first layer 22 (Fig. 2).
The tool 20 is then brought Lo bear against layer 24 and moved
axially and distally so as Lo urge_the cannula’s penetralion
point 42 through second layer 24 and into alignment wilh bore 58
(Fig. 3). Plunger 46 is then moved axially and distally within
housing portion 26 (Fig. 4) so as Lo engage fastener 2 (if the
plunger’s rod portion 48 is not already engaged with fastener 2)
and to drive fastener 2 through an opening 60 (created by Lthe
piercing éction of the cannula’s distal end 40) and into bore 58.

As soon as barbs 12 clear the cannula’s distal end 40, barbs 12
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are free to spring outwardly Lo engage and push into wall
portions 59 of bore 38, The particular configuration of barbhs 12
permits further movemenl of Lhe fastener’s body portion 4 into
bore 58, but resists movement of body portion 4 out of bore 58
(Figs. 7-10). 1n due course, lLhe pPlunger’s flange portion 50
e€ngages the cannula’s collar 36. The pPlunger’s flange portion 50
is provided with locking means 62 thereon which are adapted to
‘interlock with cannula collar 36 (Fig. 4). Aas shown in Figs. 2-
9, locking means 62 may comprise leal-spring hook means 64 (Fiqg.
1) which are adapted (o Snap over cannula collar 36.

Upon proximal movement of handle portion 54 (Fig. S), as by
Cperator manipulation thercof, cannula 39 is drawn pProximally,
leaving fastener body portion 1 in bore 58 and, in due course,
clearing the legs 10 of fastener 2 (Fig. 6). ns a consequence,
legs 10 are released from confinement, Lhereby permitting them to
follow their self-bias so as to exlend Outwardly througyh sccond
layer 249 (Fig. 7) and downwardly through layer 21 (Fig. 8) lLoward
first layer 22. The proximal movement ol plunger 46 jn housing
portion 26 causes the plunger’s flange portion 50 to engage
Proximal wall 52 of housing enlarged portion 30 (Figs. 6-8) .
Thereafter, (ool 20 may be withdrawn from the fastener area (Fig.
9). As a result of the foregoing, faslener body portion 4 will
be lodged in bore 58 (Figs. 9 and 10), with barbs 12 resislking
movement of body portion 4 from bore 58, and legs 10 being curled

Outwardly and downwardly (as viewed in Figs. 8-10) s6 as Lo
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resist movement of second layer 24 from first layer 22. When
second layer 24 is relatively soft wammalian tissue, the Lissue
substantially closes the opening 60 upon removal of cannula 34,
thereby leaving fastener legs 10 embedded in, and covered by,
tissue (Fig. 10). When first layer 22 is bone, barbs 12
typically bite into the cancellous bone region 227, as shown in
Fig. 10. If fastener 2 should thereaflter move upwardly, as
viewed in Fig. 10, barbs 12 will engage the interior of the
cortical bone region 223 which, being much harder than cancellous
bone, will stop further movement of barbs 12 so as to prevent
exiting of fastener 2.

While it is contemplated that il is beneficial that the legs
10 pass outwardly through seccond layer 24, it is recognized Lhat:
in some instances the layer of tissue 24 will be relatively thin,
as shown in Fig. 11. 1n such instances, legs 10 may have
portions 66 standing prouc of second layer 24, as shown in Fig.
11. Nevertheless, the plurality of legs 10 extending distally
through layer 24 provides a binding mechanism which offers
substantial resistance Lo movementfof layer 24 from layer 22.

The legs 10 may comprise wire-like round strands, as shown
in Figs. 12 and 13. The legs 10 may comprise wires of shape-
memory material, i.e., shape memory alloy (SMA)/;tress 1nduced
martensite (SIM) material, fixed to fastener body portion 4.
Alternatively, the legs 10 may be formed integrally with body

portion 4, as noted above. In Figs. 14 and 15, there is shown a
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leg 10 of triangular cross-section, which preferably is formed
integrally with body portion 4, as wil] hercinafter be described
in further detail.

The free ends of legs 10 preferably are provided wilth needle
points 70, shown in Figs. 12-20. In one embodiment (Fig. 12),
the needle point 70 is simply a sharpened central point formed by
a conical end portion 72 of Lhe aforementioned wire-like round
leg 10.

In Fig. 14, there is shown the aforementioned triangular
Cross-sectional leg 10. 1In this embodiment, the needle point 70
is formed by a convergence of Lhree planar sides 74.

In Figs. 16-20 there are shown various embodiments wherein
legs 10 are provided with necdle points 70 of alternative
configurations and, in addition, with means for enhancing the
gripping engagement belween legs 10 and the second layer 24. In
Fig. 16, an area 76 of leg 10 extending from needle poinlt 70 1is
roughened. In Fig. 17, an area 78 necar needle point 70 comprises
a series of widthwise ribs 80 spaced from each other. 1In Fig.
18, the leg 10 is provided with barbs 82 . In Figs. 19 and 20,
there are provided on the legs 10 hook means B4, the former (Fig.
18) including a reverse hook 86, and Lhe latter (Fig. 20) having
a "pig tail" hook 88.

It will be apparent thal various fcalures depicted in Figs.

12-20 can be combined in any number of ways and that the
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particular features shown are merely illusltrative of a wide range
of leg configurations and gripping enhancement means.

Referring to Fig. 21, it will be seen that in an alternative
fastener embodiment 27, the barbs 12 extend from the fastener
body portion 4, but are disposed on body portion 4 distally of
the legs 10. By way of example bul not limitation, barbs 12 and
fastener body portion 4 might have a gecometry similar to the
distal end of the suture anchor disclosed in U.S. Patent No.
5,207,679, issued 5/4/93 to Li for SUTURE ANCHOR AND INSTALLATION
TOOL, which patent is specifically incorporated herein by
reference. Again, if used to attach a thin second layer 24 (Fig.
22) to a first layer 22, Lthe legs 10 may extend beyond Lhe outer
surface of the second layer, bul will still eXercise a
substantial retaining force on the second layer.

In Figs. 23 and 24, (herc is shown an alternalive embocdiment
of fastener 2B wherein Lhe fastener body portion 4 is provided
with ribs 90 extending widlthwise around Che body bortion 4 and
spaced from each other. Ribs 90 dqfine friction bands with
grooves 92 therebeltween. Ribs 90 and grooves 92 provide for an
interference fit between fastener 2B and bore 58 and serve Lo
resist movement of fastener 283 from bore 58.

If it is desired that fastener 2B be tapped through second
layer 24 into first layer 22, the body portion 4 may be provided
with a penetration point 91, Similarly, the cmbodiments of

fasteners 2 and 2A illustrated in Figs. 1 and 21 may.also be
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provided with penetration points. It will be apparent that
provision of the penetration poinl 91 may render Uhe provision of
bore 58 in first layer 22 unnecessary, or may provide a fastener
guide means for use in conjunction with a bore previously
provided.

In Fig. 25 there is shown an alternative embodiment of
fastener 2C in which body portion 4 is provided wilth penetration
point 94 and screw Lhreads 96 extending proximally therefrom.
One or more cutting flutes 97 may also be provided.

In use, the fastener 2C of Fig. 25 is inserted into a
rotatable rod 98 (Fig. 26) having a tubular distal end portion
100 adapted to receive and retain proximal portions 102 of legs
10. Under confinement, legs 10 generally conform to the Cross-
sectional boundaries of fastener body vorlion 4, as shown in Fig.
26. The self-bias of legs 10 Lo extend outwardly provides for a
friction fit between fastencr 2C and rod 98. Threaded bhody
portion 4 of fastener 2C is unconfined by tubular portion 100 of
rod 98. Preferably the proximal body portion 4 is confined by,
and is adapted to make a driving engagement with, tubular distal
end portion 100, whereby rotatable rod 98 can impart a rotary
motion to fastener 2C, yet can still reclease fastener 2C in an
axial direction. 1In particular, the distal end of fastener 2cC
preferably has a configuration gencrally similar to the distal

end of the suture anchor disclosed in U.5. Patent Application No.

08/393,553, filed 2/23/95 by Goble el al. lor SUTURE ‘ANCHOR
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ASSEMBLY (which patenl application is herveby speciflically
incorporated herein by reference), including screw threads,
cutting flute and a hex driving portion; and the distal end of
rotatable rod 98 pPreferably includes a counterpart hex-shaped
recess for making a driving engagement with fastener 2¢.

In use, rod 9g is caused to rotate, as by a drill (not
shown}, to rotate fastener 2C such that the pPenetration point 949
and screw threads 96 cut opening 60 through second layer 24 and
advance penelralion point 91 Lo theo surface of first layer 22
(Fig. 26). Continued rotation of rocd 98 causes fastener body
portion 4 to dril] into first layer 22, the fastener thereby
generating bore 5. After tubular distal end portion 100 (and
fastener 2C) have penetrated a sufficient distance into first
layer 22, e.g. after the tool's shoulder 105 thgages the proximal
surface of first layer 22 (Fig. 27), rod 98 isg backed offr leg
proximal portions 102 (Fig. 28), which Lhereby become unconfined.
Reacting to the aforementioned self-bias, legs 10 extend radially
outwardly and cdistally, through second layer 24 and Loward first
layer 22. Upon completion of this movement (Fig. 29), needle
points 70 of legs 10 are disposed proximaloe first layer 2.
Depending upon the density and thickness of sccond layer 21 and
the self-bias force with which legs 10 are imbued, needle points
70 may engage first layer 22, as shown in Fig. 29, oy they may be

adjacent thereto bul spaced somewhat therefrom.
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In Figs. 30-35 there are illustrated steps in one preferred
melhod for making fastencr 2. The illustrative method includes
providing a solid cylindrically—shaﬁed dowel 120 (Fig. 30) of
rigid material, as hercinabove described. 1If a penetlration point
94 is desired on distal end 6, and/or body portion retaining
means, such as those shown in Fig. 21 (barbs 12), and/or Fig. 23
(friction bands 90), and/or Fig. 25 (threcads 96), such
pPenetration point 94 (Figs. 31 and 32) and retaining means are
added, or machined into, the dowel 120 (the latter not bheing
shown in Fig. 31, but being shown in Figs. 1, 21, 23 and 25).
Legs 10 are then formed, as by cutlting length-wise slots 122
(Fig. 33) from a proximal end 124 of dowel 120. Slols 122 define
triangularly-shaped legs 10 (Figs. 14, 15, 33 and 34) exltending
from body portion 4 of fastenecr 2.

Legs 10 are imbued wilh a self-bias Lo curling outwardly and
distally of fastener body portion 1. As noted above, such self-
bias is known and any appropriate melthod may be used to imbue
legs 10 with a bias outwardly and distally of fastener 2.

If a body portion retaining means has not been added or
machined into fastener body portion 4 by the time legs 10 have
been formed, selected legs 10 may be shortened to provide barbs
12 (Fig. 34) which can serve as body portion retaining means
(Fig. 10).

In an alternative method, the dowel 120 may be solid in Lthe

area where body portion 4 will be, and fubular in the area where
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gripper portion 8 will be. Slots 126 (Fig. 35) provided in the
gripper portion 8 form legs 10A which, rather than being
triangular in cross-section as shown in Fig. 33, are arc portions
of an annular wall, as shown in Fig. 35. Alternatively, dowel
120 may be tubular along ils entire length if desired.

Once the legs 10 are formed, the legs may be provided with
needle points 70 and/or the rough textured area 76, friction
bands 80, barbs 82, and hooks 84, shown in Figs. 16-20, to
enhance engagement between legs 10 and second layer 24, After
the fastener is formecd, if unconfined, it will assume the
deployed configuration shown in Fig. 1.

In still another method for making the fastener, the body
portion 4 and gripper portion 8 may be formed separately and Lhe
legs 10 subsequently joined to body portion 4. 1In this
embodiment, the legs 10 may comprise Milinol or other shape-
memory alloy wires, joined Lo a body portion 41 made of a material
which is compatible with Lhe material of legs 10, e.qg., a
suitable metal or plastic material. In this embodiment, legs 10
may be provided wilh mecans for enhsncement of engagement belween
the legs 10 and the second layer 24, such as Lhose shown in Figs.
16~20, before legs 10 are joined Lo body portion 4. Similarly,
the retention means for retaining body portion 4 in first layer
22 preferably is added to body portion 4 before joining body
portion 4 ‘with gripper portion 8, unless the retention means

comprises shortened ones of Lhe gripper portion legs 0. In the
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latler case, legs 10 may be shortened either before or after
juncture of legs 10 and body portion 1,

It is also anticipated that some or all of the fastener may
be made out of a material which is absorbable by the body. Thus,
for example, il is anticipated that the fastener could have a
body portion formed out of a suitable absorbable material and its
legs forméd out of a SMA/SIM material, or the entire fastenor
could be formed out of a suilable absorbable material.

Thus, there are provided fasteners for binding one layer of
material to another, including binding a layer of mammalian soft
tissue to a layer of mommalian bone, and methods for binding
together such layers of material. There are further provided
methods for making such fasteners and tools for deploying such
fasteners to bind together the layers of material.

It is to be understood that the present invention is by no
means limited to the particular construclions and melthod steps

herein disclosed and/or shown in the drawings, but also cowmprises

any modifications or cquivalents within the scope of the claims.
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What Is Claimed Is:

1. A fastener for binding a first layer of material Lo a
second layer of material, said fastener comprising:

a body portion for disposition in a bore in the first layer,
said bedy portion having means thereon for resisting movement of
said body portion from the bore; and

gripper portions extending from said body portion and
extendible through the second layer Loward the first laver Lo

bind the second layer to the first layer.

2. A fastener according to claim )1 wherein said gripper
portions comprise elongated legs extending from said body

portion.

3. A fasltencer according Lo ¢laim 2 whorein said hoely
portion is provided with a cross-secltional configuration and said
legs extending Lherefrom are conformable Lthrough confinement Lo
said cross-sectional configuration and arc self-biased for said
layer binding extension, upon removal of said confinement,
radially outwardly and through said sccond layer toward said

first layer.

4. A fastener according to claim 3 wherein free ends of

said legs comprise needle points.
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5. A fastener according Lo claim 4 wherein alter said layer

binding extension of said legs said free ends thereof are

disposed proximate said first layer.

6. A fastener according Lo claim 5 wherein said means for
resisting movement of said body portion from Lhe bore comprise

means for engaging wall portions of the bore.

7. N fastener according Lo claim 6 wherein free ends of
said means for engaging wall portions of Lhe bore in the first
layer extend toward Lhe seconc layer, and said free ends of said

legs extend toward the first layer.

8. A fastener according to claim 4 wherein said legs are
provided with means to enhance gripping engagement belwecn said

legs and the second layer,

9. A fastener according to claim 6 wherein said means for
engaging wall portions of the bore comprise alt least one of

barbs, screw threads, and friction bands.

10. A fastener according Lo claim 2 wherein said legs in

widthwise cross-section are triangular in configuratlion.
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11. A fastener for binding a layer of mammalian sofl Lissue
Lo a mammalian bone, said faslener comprising:

a body portion for disposiltion in a bore in the bone, said
body portion having means thereon for resisting movement of said
body portion from the bore; and

gripper portions extending from said body portion anc
extendible through the layer of tissue toward the bone to bind

the tissue to the bone.

12. A fastener according to claim 11 wherein said gripper

portions are integral wilh saicd bocly portion.

13. A fastener according to claim 11 wherein said body
portion is of a predetermined configuration and said gripper
portions comprise legs conformable Lo a conlinuation of said
predetermined configuration of said body portion when confined
and, when released from confinement, extendible outwardly and

distally toward the bone.

1l4. A faslener according to claim 13 wherein free ends of

said legs are engageable with the bone.

15. A fastener according to claim 11 wherein said means for

resisting movement of said body portion from the bore comprise
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barbs extendible outwardly from said body portion to engage Lhe

bone.

16. A fastener according to claim 15 wherein said barbs are

spaced distally from said gripper portions.

17. N fastener according Lo claim 15 wherein said gripper
portions comprise integral extensions of said body portion and

said barbs comprisc shortencd ones of said cxlensions.

18. A fastener according to claim 11 wherein said means for
resisting movement of said body portion from the bore comprise a
selected one or more of barbs extendible outwardly from said body
portion to engage Cthe bone, screw threads, and peripheral

friction bands.

19. A fastener according to claim 13 wherein said legs are
self-biased to curl Ooulwardly and distally when released from

said confinement.

20. A fastener according to claim 19 wherein free ends of

said legs comprise needle points.
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21. A fastener according to claim 20 wherein said legs are
provided with means to enhance gripping engagement between said

legs and the second layer.

22. A fastener according to claim 12 wherein said gripper
portions in width-wise cross-section are triangular in

configuration.

23. A fastener for binding a layer of mammalian soft tissue
to.a mammalian bone, said fastener comprising:

a body portion for disposition in a bore in the bone, said
body portion having thereon means for fixing said body portion in
the bore; and

gripper portions extending proximally From said body portion
and extendible outwardly and distally from said body portion and
through the layer of Lissue Loward Lhe bone Lo bind the layer of

tissue to the bone.

24. A fastener according Lo claim 23 wherein said means for
fixing said body portion in the bore comprise a selected one or
more of barbs extendible from said body portion to engage the

bone, screw threads, and peripheral friction bands.

25. A fastener according to claim 23 wherein said gripper

portions comprise elongaled legs integral with said body portion.
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26. N fastener according to claim 25 wherein free ends of

sald legs comprise needle points.

27. N [astener according Lo claim 26 wherein said legs are
provided with at least one of hecok means, barbs, rough-textured
surface, and widlth-wise spaced ribs, Lo enhance gripping

engagement between said legs and the second layer.

28. A fastener according Lo claim 2% wherein said legs in

width-wise cross-section are triangular in configuration.

29. A fastener for joining together (irst and second layers
of material, said fastener comprising:

a body portion for disposition in a bore extending through

the first and second layers; and

legs extending from an end of said body portion and, through
confinement, conformable to a cross-section of said body portion,
said legs being self-biased Lo exteﬁd radially outwardly from
said body portion and, thereaflter, in a direction generally
parallel to a lengthwise axis of said body portion, upon removal

of said confinement.
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30. A method for making a faslener for binding a layer of
mammalian soft Lissue Lo a mammalian bone, said method comprising
the steps of:

providing an elongalted member of a rigid materigl; and

dividing a proximal porltion of said member into a plurality
of elongated leys and imbuing said legs with a self-bias Loward
curling outwardly and distally, and providing means on an
undivided distal portion of said member for retaining said distal

portion of said member in a bore in the bone.

31. A method according Lo clain 30, including providing
said legs with means to enhance engagement between said lecgs and

the tissue.

32. A method according Lo claim 30 wherein providing a
means for retaining said member in the bore in the bone comprises
a selected one or more of:

providing barbs on said distal portion of said member
adapted to spring outwardly to engsge the bone;

shortening a plurality of said leys Lo form barbs adapted to
curve outwardly from a remainder of said legs Lo engage the bone;

pbroviding screw lhreads on said distal portion of said
member; and

providing peripherdl friction bands on said.distal porLion

of said member.
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33. A method according to claim 30, including providing a
distal end of said distal portion of said member with a

benetration point.

34. A method according to claim 30, including providing

free ends of said legs with needle points for peneltration of the

tissue.

35. A method for binding to a first layer of material a
second layer of material, said melthod comprising the steps of:

providing a bore in the first layer;

overlaying the first layer with the second layer;

piercing the second layer with a cannula to provide an
opening aligned with the bore;

moving a fastener through said cannula and into the bore,
and exposing to the bore means on a body portion of said fastener
for engaging wall portions of the bore to retain said fastener in
the bore; and

withdrawing said cannula from said fastener to release legs
extending from said body portion of said fastener and self-biased
to extend radially outwardly from said body portfbn and through
the second layer towards the first layer, to bind the second

layer to the first layer.
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36. A tool for setting a fastener Lo bind together a first
layer of material overlaid by a second layer of material, the
first layer having a bore therein Lransverse to a surface lLhereof
on which the second layer is disposed, and said fastener
comprising a body portion having means thereon for locking said
body portion in the bore, and legs exlending from said body
portion and self-biased to extend radially outwardly from said
body portion, and distally through the second layer towards the
first layer, said tool comprising:

a housing portion including a tubular stem and at one end
Lhereof an enlarged housing portion defining a chamber;

a cannula disposed in said stem, said cannula having a
collar extending outwardly from a proximal end Lhereof, and
having at a distal end thereofl a peneltralion point, said collar
being disposed in said chamber and adapted Lo be adjacent a
distal wall of said cnlarged housing porlion; and

a plunger having a rod portion at leaslt in part disposed in
said cannula and in part adapled Lo be disposed in said chamber,
a flange portion extending oultwardly from said rod portion in
s.ld chamber and adapted to be disposed adjacent a proximal wall
of said housing, and a handle portion fixed to a proximal end of
said rod and extending through an opening in said housing;

said cannula being adapted to receive and retain said

fastener with said fastener body portion disposed proximate said
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distal end of said cannula and said faslener legs extending
proximally in said cannula;

said- tool being movahle axially and distally Lo move said
cannula penetration point through the second layer into alignment

with the bore;

said plunger being movable axially and distally to engage
said fastener and to move sald [astener into Lthe bore and lo move
said flange into conlact wilh sald cannula collar in said
chamber;

said plunger flange portion having locking means thereon for
interlocking said pPlunger flange portion and said cannula collar
upon said contact;

said plunger being movable pProximally in said housing to
draw said locking means and Lhereby said cannula proximally Lo
leave said fastener body portion in the bore and withdraw said
cannula from the bore and from the sccond layer to release said
fastener legs for said sclf-biased movement oulwardly and

distally through the sccond laver.

37. A fastener for binding a first layer of material to a
second layer of material, and a fastener-setting Lool, in
combination:

said fastener comprising:
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a body portion for disposition in a bore in the first
layer, said body portion having means thercon for resisting
movement of said body portion from the bore; and

gripper portions extendinj from said body portion and
extendible through the second layer toward the first layer Lo
bind the second layer Lo the first layer; and

sald tool comprising:

cannula means for punching an opening in the second
layer and holding thercin said faslencr;

plunger means for pushing said faslener oul of said
cannula and into the bore; and

means for withdrawing said cannula means and said
plunger means from contact with said lastener to permit said
layer binding exlension of said gripper portions Lhrough the

second layer toward the first layer.

38. A fastener for binding a first layer of material lto a
second layer of material, and a [asgencr—untLing tool, in
combination,

said fastener comprising:

a body portion for disposition in a bore in the first
layer, said body portion having a pointed distal'end and screw
threads extending proximally therefrom; and

gripper portions exlending from said body portion and

self-biased to extend outwardly and'distally; and
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said tool comprising:

a rod having a tubular portion at a distal end thereof
for receiving and releasably retaining porltions of said gripper
portions therein;

said rod being rotatable to threadedly drive said
fastener through the second layer and the firstl layer to generate
the bore and place said body portion of said fastener in the bore
in the first layer, with said gripper portions extending
proximally into the second layer and confined by said rod ltubular
portion; and

said rod being withdrawable from said gripper porltions
to permit said gripper portions to move in accordance wilh said
self-bias outwardly through the second layer and distally through
the second layer towards the first layer;

wherein said fastener screw Lhreads resist movement ofl
said fastener from Uhe bore and said gripper portions bind the

Ssecond layer Lo the first layer.

39. A method for Linding to a first layer of material a
second layer of material, said melhod comprising the steps of:

providing a fastener having a body portion with a pointed
distal end and screw threads extending proximally therefrom, said
fastener further having legs extending proximally from said body
portion, said legs being self-biased to extend outwardly and

distally, but conformable under confinement to a cross-seclional
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area of said body portion throughout Lthe extent of said legs, and
providing a rolatable rod having a tubular distal end porlion
adapted (o receive and retain proximal portions of said legs,
with a distal portion of said body portion being unconfined by
sald rod tubular portion;

placing said fastener legs proximal portions in said tubular
portion, anc overlaying Lhe first layer of material with CLhe
Second layer of material;

rotating said rod to threadedly drive said fastener body
portion through the second layer and into the first layer, with
said leg proximal portions being confined by said rod tubular
portion; and

withdrawing said rod from said fastener Lo enable said
fastener legs to respond Lo said self-bias o exltend outwardly
and distally through the second layer to bind the second layer to

the first layer.

40. A fastener according Lo claim 3 wherein said Cross-

sectional configuration is substantially round.

41. A fastener according to claim 13 wherein said

predetermined configuration is substantially cylindrical.



WO 97/47244 PCT/US97/10080

_36...

12. N fastener according to claim 1 wherein at least a
portion of each of said gripper portions is formed out of a shape

memory alioy (SMA) /stress induced martensite (SIM) material.

43. A faslener according to claim 11 wherein at least a
portion of each of said gripper portions is formed out of a Shape

memory alloy (SMA)/slress induced martensito (SIM) material.
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