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{54) Title: APPARATUS AND METIIODS FOR TENDON OR LIGAMENT REPAIR

{57) Absteact: Apparatus and methods for repairing damaged tendons
or ligaments. Various repair apparatus include an elongate iensile member
(376) and a pair of anchor structures (390, 410) connected for movement
along the tensile member (376) on either side of a repair site (370, 372),
such as a tear or laceration. The anchor structures may take many farms,
and may include barbed, helical, and crimp-type anchors (126, 390, 840).
In the preferred embodiments, at least one anchor structure (390, 410) is
movable along the elongate tensile member (376) w assist with adjusting
a tendon segment (356) to an appropriate repair position and the anchor
structure o structures (390, 410) are then Jockable onto the elongate tensile
member (376) to assist with affixing the tendon at the repair position.
The invention further provides tendon-to-bone repair apparatus (250) and
methods employing similar concepts. Tendon retrieval devices (750) of
the invention include helical members (756) for rotating into a tendon end
(752) and subsequently moving the tendon to an appropriatc operating
position.
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APPARATUS AND METHODS FOR TENDON OR LIGAMENT REPAIR

Field of the Invention

The present invention general_ly relates to tendon or ligament

repair apparatus and methods. More specifically, the invention relates to

5 the repair of severed or otherwise damaged tendons or ligaments and the
attachment of tendons or ligaments to bone. As used herein, the terms

“tendon” and “ligament” are used in a generally interchangeable manner.

ac (+]7] (¢]
The repair of tendons or ligaments is a challenging and
10 complication prone area of surgery. As one example, the dilemma in flexor
tendon repair surgery in the hand is to adequately connect a severed tendon
without compromising the functionality of the hand due to surgical

intervention and repair techniques. Over the past 40 years, there have
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been only improvements in the basic suture techniques to repair tendons.
In order to make any substantial improvement in the art of repairing a
severed tendon one must first understand the composition and structure of
tendons and ligaments.

5 Tendons can sustain high tensile forces resulting from muscle
contraction, yet are flexible enough to bend around bony surfaces and
deflect beneath retinacula to change the final direction of muscle puil.
Tendons attach muscle to bone and transmit tensile foads from muscle to
bone thereby producing joint movement. Ligaments attach bone to bone

10 and can flex to allow natural movement of the bones that they attach, but
are strong and inextensible so as to offer suitable resistance to applied
forces. Ligaments augment the mechanical stability of the joints. The
biomechanical behavior of tendons and ligaments is viscoelastic or rate
dependent, that is, their strength and stiffness increase with an increased

15 loading rate. Bundles of coilagen fibers embedded in a connecting matrix,
known as ground substance, provide the load carrying elements of natural
tendons and ligaments. The arrangement of the collagen fibers is nearly
parallel in tendons, equipping them to withstand high unidirectional loads.
The less parallel arrangement of the collagen fibers in ligaments allows

20  these structures to sustain predominant tensile stresses in one direction and
smaller stresses in other directions. The ground substance in both tendons
and ligaments acts generally as a cementing matrix holding the collagen
{ivers tugeiiier. Tie giouid subsieiice féiains 167ge amounts ol water

essential to the non-compressive hydraulic function of the moving tissue.
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Also included in the tendon composition are elastic fibers, tenocytes, small
blood vessels and nerves. In general, the cellular material (fibrablasts)
occupies about 20% to 38% depending on referenc‘es, of the total tissue
volume, while the ground substance matrix accounts for the remaining 62%
5  to 80%. About 70% of the ground substance matrix consists of water
absorbed in an open polysaccharide matrix.
Two types of tendons exist in the hand for connecting phalanx
{finger) bones to the appropriate muscles. Flexor tendons, which are

connected to the volar or palm side of the fingers, lend the ability to curl the

10  fingers towards the palm. Extensor tendons, which are connected to the

dorsal or backside of the fingers, return the curled fingers back into a
stréight position. Sheaths and retinacula restrain most tendons in the hand
to some extent and keep them close to the skeletal plane so that they
maintain a relatively constant moment arm rather than bowstringing across
15 the joints. The pulley system of the flexor tendon sheath in the finger is the
most highly developed of these restraints. The flexor tendon sheath pulley
system permits the flexor tendons to maintain a relatively constant moment |
arm and helps minimize stress risers between tendon and sheath. This :

system serves three important functions. First, it allows smooth tendon

20 gliding or lubrication; second, the retinacular reinforcing pulleys maintain the |
flexor tendons close to the surface of the finger bones, preventing
bowstringing; and third, it provides an enclosed synovial fluid environment
for tendon nutrition and lubrication. As the finger moves, each tendon

slides a certain distance, which defines the “excursion of the tendon”.
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Excursion takes place simultaneously in the flexor and extensor tendons
during joint motion. The tendons of the agonist, or contracting muscle,
displace in one direction. The tendons of the antagonist or resisting
muscles displace in the opposite direction to accommodate the motion.

5 Today, the most common methods of repairing torn, severed
or otherwise damaged tendons involve approximating the severed ends of
the tendons and suturing one side of the tendon to the other thereby
returning the tendon to its natural position. A popular suture technique is
the so-called Kessler technique and slight modifications thereof. Some of

10  the other techniques include the Becker, Savage, lateral trap, double loop
locking suture, four-strand interlock and variations of the Halsted technique.
Other methods place prosthe;ic material either within or around the tendon.
Polyester strips and sleeves along with palyester mesh have been used to
reinforce the suture/tendon interface to provide a stronger repair.

15 After flexor tendon repair, resistance to tendon gliding
increasés at the repair site. Repair techniques that use an increased number
of suture strands, or increased amounts of suture material or prosthetic
material promote greater glide resistance. In particular, adhesions form due
to the tendon’s natural response to healing, i.e., the ingrowth of cells and

20 vessels from surrounding connective tissue. Current literature suggests
adhesions may constitute an inflammatory process at the site of repair and

_an extension of the intrinsic tendon healing process to the surrounding

tissue.




.5
An ideal repair would exhibit high strength, flexibility, and a
joining of the tendon ends without any foreign material on the outside
surface of the tendon. Physical therapy should begin immediately after the
re;;ir to prevent the tendon from adhering to the tendon sheath creating
5  adhesions that limit the full excursion of the tendon in its sheath. For this
reason, the repair site must withﬁand the immediate tensile stress being
applied to it during physir;al therapy. In a relaxed state, a flexor tendon
experiences about 2.2 Kg (one pound) of constant tension. When a person applies a
light grip, such as by grasping a key, about three to four pounds of tensile
16 force is applied to the tendon. A strong grip can apply over ten pounds of
tensile force to a tendon,
Since most suture-based tendon repairs reach their tensile limit -
at about 13.2 Kg (6 Ibs), surgeons must balance the desire to have full and
immediate active motion to prevent adhesions against the need for
15 immobilization to prevent rupture of the repair. Earlier loading of a repaired

tendon promotes a more rapid increase in repair strength. For a tendon to

properly rejoin, the opposed tendon ends do not have to touch but they do

need to be approximated within 1-2 mm of each other to properly reattach.

An ideal tendon repair would hold the lacerated tendons together te_begin
20  healing and tissué generation but slowly release tensior; allowing the tendon
"% o A to become the primary load bearing structure. Tendons will heal at a rafe
sees” that is proportional to the load being applied during physical therapy.
Another major problem is the softening of the damaged tendon

ends, which begins shortly after the damage or injury occurs and continues .
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for approximately the next twelve days. This softening results in a
weakening of the tendon fibers, which contributes to the formation of a gap
at the repair site during the early phases of tendon healing. It is believed
that gaps form at the site of repair due to a loss of purchase by the
5 grasping portion of the suture at the tendon-suture interface. The grasping

suture may even completely tear out, resulting in a failure of repair. A term
for this failure is “rake-out”. Rake-out is a failure mode associated with
suture tendon repair in which the end of the severed tendon has weakened
and the suture tends to pull out of the tendon ends. This splits the tendon

10 and results in an undesirable gap or total failure. Another common type of
suture repair failure is of a suture knot.

The effectiveness of a suture depends on many factors, such

as the suture material, the technigue with which the suture is inserted, and
knot strength. immediately after a tendon is repaired, the strength of the
15 repair depends almost entirely on the suture technique. The ideal suture
knot should terminate securely, be strong, easy to handle and inelastic. The
suture material used today is generally braided polyester or a monofilament
polypropylene. Using current suture techniques, absorbable suture
materials do not have enough residual tensile strength over time to resist
20  gapping and rupturing. The ideal suture technique should be easy to use,
minimize interference with tendon vascularity and be completely internal to
the tendon without increasing the bulk of the tendon. Locating the knots
ouiside e tendun fatiei inan within the rSpain Sitc maoy rosult in higher

ultimate tensile strength but will also increase the risk of adhesions and
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increase the friction through the pulleys. This latter characteristic is known
as “work of flexion”.
Most suture methods employ an internal suture with external
knots distal and proximal to the laceration or within the laceration. The
5 surgeon typically uses a continuous running external suture at the junction
of the repair, known as an epitendinous suture, to approximate the tendon
ends. The use of the epitendinous suture increases the tensile strength of
the repair and helps to resist gapping, but it can also increase the risk of
adhesions and is difficult to master and very tedious to execute. The
10 evolution of tendon repair with sutures starts with the two-strand
technique. Some of the variations of this technique are the Bunnell,
Kessler, and Tsuge methods. When two-strand repairs fail, the failure
usually occurs at the knots. Studies have shown that the initial strength of
these repairs is proportional to the number of suture strands that cross the
15 repair site. This has led to a trend of doubling, tripling, and even
quadrupling the number of strands placed across the repair site. With these
muitiple strand techniques, Savage, Becker and Ketchum have shown
significant tensile strength over the two-strand methods but they are more
difficult to perform and add material to the outside surface of the tendon
20  with more exposed knots. These techniques focus primarily on the
increased effect on tensile strength and disregard the increased resistance
to the tendon gliding through the pulleys. Therefore, the quest continues
for the ideal suture technique naving i iensus siisngin requircd o allow

the patient to start physical therapy immediately, and having the low profile

-10-
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necessary to minimize adhesions that compromise the ability of the tendon
to glide through the pulleys.

Techniques have also been developed that incorporate an
internal or external prosthetic splint. Low porosity woven polyester, which
is the same material used for aortic graft repair, is being used as an artificial
splint. There are basically two methods of splint repair. The internal splint
technique is accomplished by placing a horizontal slit transversely in each
tendon stump proximal and distal to the laceration site. A rectangular piece
of polyester splint is placed into this slit on both sides of the tendon.
Sutures are then placed perpendicular to the graft along each tendon
thereby attaching the splint to the tendon. The sutures attach the splint,
which is basically a flexible tensile member, to the ingerior surface of the
tendon. These suture knots are then tied on the outside of the tendon for
ease of placement and an epitendinous suture is placed at the junction of
the repair. As previously mentioned, the external knots will increase the
risk for adhesions and also increase the work of flexion. The material of the
tendon splint is inert and similar to the suture material being used in other
techniques and its internal position within the substance of the tendon
should promote tissue ingrowth and enhance the repair site. However, the
large slits in the tendon ends might structurally damage the internal blood
supply of the tendon and cause tissue degeneration.

In the external splint technique, also known as the dorsal
tendon splint technique, the surgeon aligns DOTN TENdON &Nds anu piauss &

two-strand Savage type core suture on the anterior surface of the tendon.

11-
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The surgeon then places a rectangular Dacron® splint on the dorsal surface
of the tendon across the laceration site and sutures it to both tendon ends.
In this technique, and as mentioned earlier, the splint acts as a flexible
tensile member that prevents the tendons from gapping and rupturing
§  during early movement. As with the internal method, the knots are placed
on the exterior surface of the tendons and the splint is actually on the
outside surface. This will increase the risk of adhesions and consequently
increase the work of flexion. The internal tendon splint may add too much
bulk to the repair site, and the external tendon splint may interfere with
10  tendon gliding. Preliminary work of flexion studies suggest both tendon
splints increase the work of flexion by 16-19%.
Anoather splint-type technique being used today is a Dacron® or
Prolene® mesh sleeve that surrounds the tendons. The two ends of the
lacerated tendons are placed in the proximal and distal openings of the
15 sleeve. The tendon ends are butted together without any additional
sutures, except that an epitendinous suture is placed thereby attaching the
sleeve to the outside surfaces of the tendons. This is done on both ends of
the sleeve. This technique is 117% stronger in tension than a conventional
two-strand core stitch technique with an epitendinous suture on the
20  external surface. Like the aforementioned splint techniques, these are
tested in vitro (outside of the body) and do not take into account any of the
in vivo (inside the body) problems that occur such as placing a significant

amount of repair material externai 1o the tendon and wiiliiii g {EHaoH

12-
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sheath. Again, external repair material provides a potential source of
fibrous adhesions and an increase in work of flexion.
Implanted anchors have also been used to attach two ends of
a severed tendon. This type of anchor is similar to a Dacron® splint in
5  concept but is usually fabricated from stainless st'eel of titanium. The
geometry of the anchor also differentiates the anchor from a splint. The
anchor, which may measure 20 mm in length, 3 mm in width and 1 mm in
thickness, has a symmetrical double barbed end configuration. The anchor
is placed into the severed end of the tendon by making a small transverse
10  incision. Once the anchor is in the correct depth the surgeon will place a
suture through the tendon at the flat side of the barb and knot the suture
into a loop thereby preventing the barb from being pulled out of the tendon.
The tendon will be sutured at each flat on the barb, providing two suture
loops per tendon end. The same suture technique is performed on both
15 ends thereby re-attaching the severed tendon. This repair technique shows
an increase in mean ultimate tensile strength of 49-240% overbtraditional
two-strand and multi-strand suture techniques. This technique is relatively
easy to perform but it does not address the in vivo problems caused by
placing the suture knots on the outside of the tendon. Here, they become a
20  potential source of fibrous adhesions and increase the work of flexion. This
type of tendon anchor can limit motion or cause pain when positioned

directly over a joint with the finger in maximal flexion since it is long and

e e e AN ab o s —atll kit aln o da A dn bmeabbae el
Tauly ngid. mis0, LIS SUigeon iudl St Liiiiyg WS 1cndon Snds togetna with

a separate surgical tool and, in the process, risk damaging the tendon ends.

13-
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Adhesives have been evaluated in the search for the ideal
tendon repair. Studies have been conducted using adhesives of the
cyanoacrylate group, more commonly known as super glues. These
adhesives form a strong adhesive bond with most human tissue, particularly
those containing a large amount of protein, such as skin and tendon tissue,
because they polymerize in the presence of water and hydroxyl groups,
both of which are abundantly present in tendon tissue, and they do not
require a solvent. They are known to be biodegradable, although the time
taken to degrade in tendons is unknown and only the long chain varieties
are known to be minimally toxic te human tissue. The application of
adhesives in tendon repair is in conjunction with two-strand or multi-strand
core suture with an epitendinous suture. The adhesive is placed on the
tendon ends after the sutures have been placed and approximated to allow
for polymerization. The shortcomings that were discussed in connection
with suture repair are experienced with adhesive techniques as well. Some
problems with adhesives include their potential non-biodegradability within
the tendon, their questionable effect on tendon healing, and their potential
focal and systerr;ic toxicity. Currently, therefore, adhesives do not provide
an adequate solution to tendon repair problems.

Current and past tendon or ligament repair techniques
concentrate on increasing the tensile strength of the repair by adding more
structural components to the repair, e.g., sleeves, splints, additional suture
strands, additional knots and adhesive. All ot these tecnnigues irade oif

between early tensile strength, increased work of flexion, and increased risk

14-
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of adhesions or other problems. While the surgeon debates the clinical
technique, the patient may suffer from a less than desirable outcome and
discomfort over the life of the repair. Adhesions cause pain and limit
motion of the affected joints. By increasing bulk to the tendon, motion may
5 be further limited and this can result in a deféct called “trigger finger.”
None of these techniques have utilized the physiological
makeup of the tendon to provide a stronger repair. The tensile strength of
the tendon is provided by the lengthwise parallel collagen fibers, which give
it the ability to withstand high tensile loads. The ground substance is made
10  up primarily of water and cannot be used to provide strength to the repair.
The tendon sheath is also too weak to provide meaningful assistance with
holding the two tendon ends together.
Similar problems arise when attaching tendons or ligaments to
bone. That is, simply suturing the tendon or ligament to a bone anchor or
15  using external tendon anchor members may not provide the necessary
strength of repair. As further discussed above, these techniques also
promote adhesion formation.
Finally, tendon retrieval has also been a problematic partion of
tendon repair surgery. Typically, the surgeon must use a small grasping
20  tool with thin, movable jaws similar to needle-nose pliers to grasp a tendon
end and pull and transfix it in an appropriate operating position.

Unfortunately, gripping the tendon ends in this manner often damages them

and makes the tissue less able to hold the epitendinous suture, Tne

-15-
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-13-
damaged tendon ends will also form scar tissue or adhesions which further
adversely affect the repair.

Therefore, there is a need for tendon repair techniques and
apparatus that harness the intrinsic strength of the tendon fibers, but allow
the tendon to flex while moving through the sheath. This repair apparatus
should resist any gapping or rupture during immediate post-operative
physical therapy, and reside in the interior of the tendon to reduce or
possibly eliminate post-operative adhesions. The repair apparatus should
also produce low work of flexion while gliding unhindered through the
tendon sheaths, There is generally a need for tendon repair apparatus and

methods that allow the patient to immediately begin active physical therapy

need for sutures or other repair structure on the external surfaces of the

tendon thereby reducing the occurrence of adhesions and friction between

the tendon repair and the sheath pulley. There is a further need for tendon-
to-bone repair iechniques and apparatus with at least some of these
attributes. Finally, there is a r_1eed for a tendon retrieval device which also
harnesses the inherent strength of the tendon fibers and minimizes damage

to the retrieved tendon end. ‘

-16-
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Object of the Invention

It is the object of the present invention to overcome or substantially ameliorate at

least one of the above disadvantages, or at least to provide a useful alternative.

Summary of the Invention

5 In a first aspect, the invention provides an apparatus for repairing a tendon or
ligament, the apparatus comprising:
an elongate tensile member having a length adapted to extend within the interior of
the tendon or ligament;
a first anchor having an interior with an inner surface, said first anchor being
10 insertable into the tendon or ligament;
wherein a first retaining member is positioned in the interior of said first anchor
such that fibers of said tendon or ligament are gripped with compression between said
first retaining member and said inner surface of said first anchor, said first retaining
member received for sliding movement on said elongate tensile member.
15 In a second aspect, the invention provides apparatus for repairing a tendon or
ligament which has fibers extending in a lengthwise direction; the apparatus comprising:
an elongate tensile member adapted to extend within said tendon or ligament; and
anchors configured for insertion within the interior of said tendon or ligament;
characterised in that said anchors are helical and coiled in different directions.
20 In a third aspect, the invention provides a tendon or ligament end retrieval device
comprising:
an elongate body;
a helical member coupled to said body so as to enable relative rotation and
translation therebetween;
25 at least one drive mechanism coupled to said helical member for effecting said

rotation for causing the helical member to rotate into said tendon or ligament end and for

effecting said translation to move said tendon or ligament end to a desired operating

it

PposIGCH,

The preferred embodiment generally provides apparatus for repairing damaged
30  tendons or ligaments. The various repair apparatus may employ an elongate tensile

member adapted to extend within

ee sses oo o

[RALIBLL]15615.doc:gxt
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the interior of the tendon or ligament and various typesv of anchor structures
configured for insertion within the interior of the tendon or ligament. The
anchor structures are both movable along and lockable to the elongate
tensile member at a selected position. As some examples, these anchor

5 structures may comprise helicaj anchors with separately connectable tendon
fiber retaining members, compressible helical anchors, anchor bodies

secured inside the tendon with sutures or projections such as barbs, and

crimp-type anchor members that grip tendon fibers between two crimp
portions or members, as well as other configurations, Various embodiments
10 of repair apparatus are disclosed herein each serving to address the general
needs and drawbacks presented by the prior art as discussed above.
Among the various advantages and objectives of tpe preferfed
embodiment, apparatus comprising at least one tendon or ligament anchor
structure in combination with an elongate tensile member are provided and
15 utilize the inherent strength of the bundles of parallel collagen fibers in
tendons or ligaments. Repair techniques are provided that address the
tensile component of the repair and eliminate the increase of bulk to the
HE tendon or ligament. This is accomplished while reducing externally placed
: components that compromise the ability of the tendon to glide through the
20  pulleys. Through an understanding and utilization of the inherent strength
provided by the bundles of parallel collagen fibers, the inventors have
developed anchor structures that grasp these high strength fibers without
constricting the blood flow to the tendon, and without adding external bulk

or additional knots. The anchor systems of this invention further allow the

-18-
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patient to begin immediate active motion physical therapy resulting in a
quicker and stronger tendon repaii' with fewer adhesions. Also, the
combined anchor struéture and elongate tensile member of this preferred
provide a tendon or ligament repair that can withstand greater tensile loads
than current and past repair techniques while retaining the repaired tendon
or ligament ends in a viable repair position.

Generally stated, the preferred embodiment comprises at least one
anchor structure coupled for movement along the length of an elongate
tensile member. The anchor structure is lockable at a desired location along
the tensile member and generally includes first and second fiber gripping
portions configured for insertion within the interior of a tendon ;:xr ligament.
The gripping portions may be on two separate components of the anchor
structure or may be portions of the same component. In several
embodiments of the invention, at least one of the fiber gripping portions is
movable with respect to the other to grip the fibers therebetween. Many
different configurations of anchor structures are disclosed herein including
single-piece anchor structures and multi-piece anchor structures. In the
single-piece anchor structures, one portion of a member, such as a crimp
member, is movable toward another portion 61 the member to grip tendon
fibers therebetween. In other embodiments, separate pieces of the anchor
structure are brouaht toaether and locked to ario. enaaae or compress the
tendon fibers therebetween. In the most preferred embodiments, two
anchor structures are each initially movable along the length of the elongate

tensile member on opposite sides of a torn, lacerated or otherwise damaged

-19-
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portion of the tendon. The anchor structures may be locked to the fibers

within the tendon and to the elongate tensile member itself when the

tendon is at the proper repair position. Various more specific embodiments

of the anchor structures and elongate tensile members of this invention are
5  described hereinbelow.

In one embodiment of the invention, an anchor body in the
form of at least one helical anchor is configured for insertion within the
interior of the tendon or ligament. At least one retaining member is coupled
with the elongate tensile member and provides a securing structure to hold

10 the helical anchor to the fibers extending within the interior of the tendon or
ligament. In a preferred apparatus of this type, first and second helical
anchors are provided with respective first and second retaining members
each being couplable for movement along the elongate tensile member on
opposite sides of a repair site. The retaining members may each include,

15 for example, an axial hole to allow this movement. Optionally, a lengthwise
slot may be provided in the retaining member. In this embodiment, and the
other embodiments of the invention, the elongate tensile member may
comprise a rigid, semi-rigid or flexible member, including flexible sutures
formed from absorbable or non-absorbable materials, as well as tensile

20 members formed from various biocompatible metals, plastics, ceramics, etc.
The helical anchor preferably comprises a helically wound coil which may be
of constant or variable diameter and may be formed of biopompatible metal.
Ontinnally. the eoil mav be formed from absorbable material or other non-

absorbable biocompatible materials. The retaining member is preferably

-20-
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configured to be received within a corresponding helical anchor for
compressing the fibers between the retaining member and the helical
anchor. When the helical anchor is rotated into the tendon or ligament,
fibers of the tendon or ligament will be captured within the coils of the
5 anchor. When the retaining member is then inserted and affixed within the
helical anchor, the outer surface of the retaining member compresses the
fibers against inner surfaces of the helical coils. Preferably, locking
structure in the form of at least one locking member is used for holding the
retaining member to the elongate tensile member at a desired position. This
10  locking member may be a separate slidably adjustable member or an integral
portion of the corresponding retaining member and may, for example,
comprise a deformable or crimpable portion of the retaining member or a
separate crimp member.
The retaining member or members preferably have associated
15 retaining structure either integrated therein or used as separate structure for
gripping the tendon fibers against the helical anchor. For example, the
retaining structure may comprise a discontinuous surface adapted to aid in
holding the fibers between the retaining member and the helical anchor. As
examples, this discontinuous surface may be an exterior serrated surface, a
20  generally threaded surface, or another type of convoluted or discontinuous
surface. This surface may also serve to prevent the retaining member from

backing out of the helical anchor.

Agc another feature the alnnaate tensile member and the

respective retaining member or members may include respective engageable :

21-




-18-
portions, such as ratchet-like portions, for holding the retaining member at
the desired position along the elongate tensile member,

As still another feature, at least one of the elongate tensile
member, the first helical anchor and the retaining member may be
5  comprised of an absorbable material. During the absorption process, this
will allow a graduyal transfer of tensile load to the repair site to aid in

healing. More generally stated, at least one component of the anchor

10 tobe gradually transferred from the anchor System to the tendon during the
healing of the tendon repair site, As revealed previously, the healing
response of the tendon is directly proportional to the amount of tensjon
being applied to the tendon, In other words, more tension on the tendon
results in a stronger repair. However, the initial condition of the repaired

15 tendon does not withstand any tensile’ load. Therefore, a timed release of
the tension being applied to the tendon will resultin a stronger repair. By
making a key component or components from an absorbable material, the

.0, repair apparatus slowly transfers tension to the tendon untif the

L component(s) completely degrade and releases all the tension to the tendon
20 repair site.

eel As an additional feature of the preferred embodiment,

members may include structure configured to directly engage the helical
anchor to prevent the retaining members from backing out of the helical

anchors after implantation,. As one example, this may include ratchet-type
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structure on the retaining member adapted to engage the trailing end of the
helical anchor.
The retaining members of the various embodiments of this
invention may also have various configurations. One configuration is a
5  helical retaining member. In this case, the helical anchor will be either
received within the helical retaining member or may receive the helical
retaining member. Either construction forms inner and outer helical
members. This is helpful because the helical members will compress
tendon or ligament fibers therebetween in a generally sinusoidal pattern. At
10  least one of the inner and outer helical members is collapsed or expanded
toward the other to clamp or compress the tendon or ligament fibers
therebetween. This may be accomplished, for example, through mechanical
spring action of the helical members during insertion or through the use of
electromagnetic impulse deformation. In the latter case, and as detailed
18 further below, one helical member may be formed of a magnetic material
while the other is not. Upon the application of one or more impulses of
electromagnetic energy, the magnetic helical member will collapse onto the
nonmagnetic helical member compressing the tendon fibers therebetween.
As another option, the helical anchor of this invention may be
20  formed from a flexible suture material. In this case, the retaining member is
adapted to be inserted into the tendon or ligament and the flexibie suture
material is then wrapped generally helically about the retaining member to
hald the tendon or ligament fibers therebetween. As the flexible suture

material which is wrapped around the retaining member is not held in
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significant tension, it may be formed of material having lower tensile
strength than the elongate tensile member.
In another embodiment of the invention, the apparatus may
comprise first and second helical anchors integrally formed from a wire with
5  the elongate tensile member extending therebetween. In this embodiment,
the anchors are helically wound in opposite directions such that rotation of
the integral apparatus in a single direction, with the elongate tensile
member disposed generally between the damaged or severed tendon ends,
will cause rotation of each respective helical member into a respective
10  tendon end. Retaining members in accordance with the invention may then
be used to grip, compress or otherwise engage the tendon fibers to the
helical anchors.
In yet another embodiment of the invention, the apparatus may
include a helically coiled, compressible anchor configured for insertion
15  within the interior of the tendon or ligament and couplable with the elongate
tensile member. This compressible anchor traps the fiber;s of the tendon or
ligament between the coils as its coils are moved from their uncompressed
state to their compressed state. As with the other embodiments of this
invention, the apparatus preferably includes a second anchor structure in
20  the form of another helically coiled, compressible anchor which is also
couplable to the elongate tensile member. It should also be noted that the
elongate tensile member of this invention may be formed by two or more
canarate tencila memhers such as sutures, which are then tied or otherwise

directly or indirectly affixed together during the repair procedure such that a
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unitary elongate tensile member is formed connecting at least two anchors
together to hold the tendon or ligament in an approximated repair position.
In other words, the elongate tensile member may be formed from a number
of different segments or portions which are ultimately secured together and
5 secured to the anchor structures. In the embodiment employing

compressible anchors, these anchors are also preferably coupled for
movement along the elongate tensile member and include respective locking
members, preferably slidably coupled to the elongate tensile member, and
adapted to hold the compressible anchors at desired locations on the

10  elongate tensile member. The locking members may be, for example,
formed as crimp members or other structures formed integrally or separately
from the corresponding compressible anchor.

The retaining members of this invention may also be slotted

members. In a general sense, this allows the retaining member to be

15 ~ coupled to the elongate tensile member without necessarily using a sliding
motion along the tensile member as with a retaining member that includes
an axial hole. The slot or slots may further act as a collet structure
configured to clamp onto the elongate tensile member upon insertion into
the helical anchor or through the use of a separate tool. In another

20  advantageous embodiment of a collet structure, the retaining member may
be a two-piece slotted collet structure with an interior piece and an exterior
piece. Upon insertion of the exterior piece into the helical anchor and the
interior piace into the exterior piece. the interior piece is configured to clamp

onto the elongate tensile member and the exterior piece is configured to
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expand within the helical anchor to compress the fibers against the helical
anchor,

In yet another embodiment, the elongate tensile member will
be locked to the helical anchor by trapping the elongate tensile member
between the internal retaining member and the helical anchor. This will
eliminate the need to have a locking feature built into the internal retaining .
member in order to lock the elongate tensile member to the helica anchor.

In yet another embodiment, the tendon repair apparatus has
Mmultiple helical anchors. In this embodiment, there is more than one helicaj
anchor placed within the tendon. The helical anchors may be wound in
Oopposite directions and/or intertwined together. This configuration is based
on the aforementioned method of graspi-ng parallel collagen fibers. An
advantage to multiple anchors is that the amount of collagen fibers being
trapped is directly Proportionai to the amount of coils on the helical anchor,
Increasing the length and the number of coils of the helical anchor likewise
increases the amount of trapped collagen fiber, Since there are Iimitatipns
to the length of the anchor, an additional anchor of the same length is
placed in the tendon.

Another more specific anchor structure utilises
a crimp-type anchor member. in this embodiment, one of the fiber gripping
portions further comprises at least one first dafnrmab!e.pc.'t.’an adapred to
be crimped within the tendon or ligament to grip the fibers, In one specific
embodiment, the crimp member will have opposed legs that may be

deformed toward one another and onto the tendon fibers, The crimp
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member may further include a second deformable portion configured to be
crimped onto the elongate tensile member to retain the crimp member at a
desired location thereon. In a related embodiment, the anchor structure
may further comprise first and second separate crimp members adapted to
5  be crimped onto the fibers generally from opposite sides of the elongate
tensile member. The first gnd second crimp members can each include a
respective plurality of deformable legs configured to interlock after crimping
to securely hold the first and second crimp members to the}tendon fibers.
The first and second crimp members can further include respective crimp

10  portions configured to be crimped onto the elongate tensile member to
retain the first and second crimp members at a desired location along the
length of the tensile member. As one other alternative, a separate locking
member may be used to retain the first and second crimp members at a
desired position along the length of the elongate tensile member.

15 In another aspect, the anchor structures further comprise first
and second anchor bodies with respective first and second securing
structures. These securing structures may, for example, comprise -
projections extending respectively from the first and second anchor bodies
that retain the anchor bodies within the tendon or ligament. The anchor

20  bodies may be tubular-shaped members or members having various other
shapes configﬁred for insertion within the tendon or ligament. As another
alternative or additional securing structure, the anchor bodies may include
nartinne for recsiving sutures nsed to secure the first and second anchor

bodies within the interior of the tendon or ligament. As with the previous
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embodiments, the locking structure can, for example, include a crimpable or
Swageable member or an integral portion of an anchor body operable to
affix the anchor body onto the elongate tensile member. In many of the
embodiments of this invention, two anchor bodies are each initially
connected for movement along the elongate tensile member and first and
second respective locking structures or members are used to lock each
anchor body to the eiongate tensile member with the tendon or ligament in
a desired repair position,

The preferred embodiment provides an apparatus for
affixing a tendon or ligament to a bone. In this embodiment, the apparatus
includes an elongate tensile member, a tendon or ligament anchor structure
constructed in accordance with any of the anchor structures of this
invention, and a bone anchor. The elongate tensile member, for example,
may be a flexible suture adapted to extend within the interior of the tendon
or ligament. The bone anchor is coupled with the elongate tensile member
and is configured to be retained within the bone. As a more specific feature
of the preferred embodiment of this invention, the tendon or ligament
anchor may be a helical anchor as generally described above and may be
compressible. A retaining member is adapted to be retained at a selected
position along the elongate tensile member to hold the bone anchor
elongate tensile member and helire! anshar togathar wiih the tendon or
ligament against the bone. The retaining member and the bone anchor may
include ¢ooperating locking portions for connecting. the retaining member

and bone anchor together with the helical anchor held generally
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therebetween. Alternatively, or in addition, the retaining member may be

sized and configured to be received at least partially within the helical

~ anchor and a locking member, such és a crimp, may be coupled with the

elongéte tensile member to hold the retaining member at a desired position.
As with the other embodiments of this invention, the locking member may

be, for example, a deformable and slidable crimp member either separately

formed or integrally formed with the retaining member.

In a preferred embodiment @ tendon or
ligament retrieval device is provided and operates to move a tendon or
ligament end to a desired operating position. The device generally
comprises an elongate body, a helical member coupled with thé elongate
body and at least one drive mechanism coupled with the helical member for
effecting rotational movement of the helical member into the tendon or
ligament and subsequent translational movement of the helical member to
move the tendon or I_igament to the désired operating position. To facilitate
this function, the helical member is mounted for rotational and translational
movement relative to the elongate body. The elongate body is adapted to
be inserted into a tendon sheath, for example, and is preferably flexible to
allow manipulation therein by the surgeon. The elongate body may also
include a distal tip with anti-rotation structure for engaging the tendon or
iigament end and preventing roiation thereoi as ine neiicai member rotaies
into the tendon or ligament end. As one optional anti-rotation feature, the

helical member may further include first and second, counter-rotating helical
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gfasping bodies each being connected for rotation and translation by the
drive mechanism.

Various methods are also contemplated in accordance with the
preferred embodiment relative to tendon or ligament repair. A representative method
5 involves installing an elongate tensile member within the tendon or ligament
and driving a first helical member into the tendon or ligament. The first
helical anchor is secured to the elongate tensile member and a second
helical anchor is driven into the tendon or ligament. The tendon or ligament
is then moved to a repair position at least prior to securing the second
10 helical anchor to the elongate tensile member whereupon the second helical
anchor is then securely fastened to the elongate tensile member to hold the
tendon or ligament in the repair position. The various tendon or ligament
anchor structures disclosed herein may be used for carrying out the‘repair
methods and additional repair methods will become more apparent upon
15  review of the detailed description of this invention.
Various features, advantages and objectives of the invention
‘will become more readily apparent to those of ordinary skill in the art upon
review of the following detailed description of the preferred embodiments,

taken in conjunction with the accompanying drawings.

fora et B DA TPE SR ST R S S

Fig. 1 is a perspective sectional view of the bone repair device

[}
(<]

according to the present invention;
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Fig. 2 is a side view of the suture to be used with the bone
repair device according to the present invention;

Fig. 3 is a sectional view of the suture in ptace in a bone to be
repaired in accordance with the present invention;

5 Fig. 4 is a sectional view of a fractured bone repaired with the

bone repair device according to the present invention;

Fig. 5 is a sectional view of a first embodiment of a button to
be used with the bone repair device of the present invention;

Fig. 6 is a sectional view of a second embodiment of a button

10  to be used with the bone repair device of the present invention;

Fig. 7 is a top view of a third embodiment of a button to be
used with the bone repair device of the present invention;

Fig. 8 is a side view of a third embodiment of a button to be
used with the bone repair device of the present invention;

15 Fig. 9 is a sectional view of the third embodiment of a button
to be used with the bone repair device of the present invention being
attached to a suture;

Fig. 10 is a sectional view of a fourth embodiment of a button
to be used with the bone repair device of the present invention being

20  attached to a suture;

Fig. 11 is a perspective view of the bone repair device of the
present invention being used to repair a torn or fractured meniscus;
Fig. 12 ic a tan view nf the incisions made in a hand in the

prior art to repair a torn tendon;
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Fig. 13 is a top view of the incisions made in accordance with
the present invention to repair a torn tendon;

Fig. 14 is a sectional view of a tendon being repaired in
accordance with the present invention;

5 Fig. 15 is a sectional view of a tendon being repaired using a

first embodiment of a button;

Fig. 15A is a cross-sectional view of a first embodiment of a
button as shown in Fig. 15;

Fig. 15B is a cross-sectional view of a second embodiment of

10  a button as shown in Fig. 15;

Fig. 15C is a cross-sectional view of a third embodiment of a
button as shown in Fig. 15;

Fig. 15D is a cross-sectional view of a Fourth embodiment of a
button as shown in Fig. 15;

15 Fig. 16 is a sectional view of a repaired tendon using a first

embodiment of a button in accordance with the present invention;
Fig. 16A is a sectional view of a revised stitching procedure in
accordance with the invention of Fig. 15;
Fig. 17 is a sectional view of a repaired tendon using a second
20 embodiment of a button in accordance with the present invention;
Fig. 17A is a sectional view of a second embodiment of a
button in accordance with the present invention being swaged to a suture;

[
¥

5. 1725 o top view of 2 cecond embodiment of a huttan in

S G ISP VISV

accordance with the present invention;
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Fig. 18A is a sectional view of a step in repair of a tendon
using a second embodiment of a suture in connection with the second
embodiment of the button;

Fig. 18B is a sectional view of a step in repair of a tendon

5 using a second embodiment of a suture in connection with the second
embodiment of the button;

Fig. 18C is a sectional view of a step in repair of a tendon
using a second embodiment of a suture in connection with the second
embodiment of the button;

10 Fig. 18D is a sectional view of a step in repair of a tendon
using a second embodiment of a suture in connection with the second
embodiment of the present invention;

Fig. 19 is a sectional view of a repaired tendon using a third
embodiment of the present invention;

16 Fig. 19A is a sectional view of the button of Fig. 19;

Fig. 20A is a sectional view of a step in the repair of a tendon
using a fourth embodiment of the present invention;

Fig. 208 is a sectional view of a repaired tendon using the
fourth embodiment of the present invention;

20 Fig. 21 is a sectional view of a tendon repair device in
accordance with the present invention used in connection with a bone

anchor;
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Fig. 22 is a sectional view of a second tendon repair device in -
accordance with the present invention used in connection with a bone
anchor;

Fig. 23A is a sectional view illustrating an aiternative

5 embodiment of a tendon-to-bone repair apparatus in exploded form;

Fig. 23B is a sectional view similar to Fig. 23A, but showing
the apparatus in assembled form attaching the tendon to the bone;

Fig. 23C is an enlarged sectional view of the apparatus as
shown in Fig. 23B, specifically illustrating the compression of tendon fibers

10 within a helical anchor of the present invention;

Fig. 24A is a sectional view of another alternative tendon-to-
bone repair apparatus shown in exploded form;

Fig. 24B is a sectional view similar to Fig. 24A, but showing
the apparatus in assembled form;

15 Fig. 24C is an enlarged sectional view of the apparatus shown
in Fig. 24B;

Fig. 25A is a perspective view showing another alternative
tendon-to-bone repair apparatus in exploded form;

Fig. 258B is a sectional view of another tendon-to-bone repair ‘

20  apparatus;

Fig. 26 is a sectional view illustrating yet another alternative

tendon-to-bone repair apparatus a|§o including a helical anchor system

according to the invention;
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Fig. 27 is a top view showing incisions made in a finger to
access a tendon in accordance with additional aspects of the invention;

Fig. 28 is a top view similar to Fig. 27, but isolating the finger
to be repaired and showing transfixation of the tendon segments;

5 Fig. 29 is a perspective, schematic view showing initial steps
in a tendon repair procedure in accordance with the invention;

Fig. 30 is an enlarged perspective view of the distal end of the
tool shown in Fig. 29, illuétrating the attachment of a helical anchor in
accordance with the invention;

10 Fig. 31 is a perspective view showing the insertion of the
helical anchor within a tendon segment;

Fig. 31A is a partially cross sectioned, perspective view
illustrating a modified form of the anchor insertion tool shown in Figs. 29-
31;

15 Fig. 32 is a perspective view similar to Fig. 31, but showing
the subsequent insertion of a retaining member into the tendon segment;

Fig. 33 is a partially fragmented sectional view similar to Fig.
32, but showing the locking of the retaining member to the elongate tensile
member;

20 Fig. 34 is a sectional view taken along line 34-34 of Fig. 33;

Fig. 34Ais a sectionai view similar to Fig. 34, but illustrating
the locking portion of the retaining member in a crimped or deformed

condition:
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Fig. 35 is a perspective view of the tendon repaired in
accordance with the invention;

Fig. 36 is an enlarged sectional view schematically illustrating
the attachment of a tendon repair apparatus of this invention to the tendon

5 fibers;

Fig. 37 is a plan view of an elongate tensile member, helical
anchor, and retaining member in accordance with another embodiment of
the invention;

Fig. 37A is a perspective view of another embodiment of a

10  helical anchor constructed in accordance with the invention;

Fig. 37B is an elevational view of repair apparatus including
the helical anchor of Fig. 37A and a retaining member shown affixed to an
elongate tensile member within a tendon in accordance with the invention;

Fig. 38 is a partially sectioned plan view showing another

15  embodiment of a helical anchor system;

Fig. 39 is an enlarged partially sectioned view similar to Fig.
38, but illustrating the partial absorption of the retaining member in
accordance with this embodiment;

Fig. 40 is a schematic, sectional view showing an alternative

20 configuration of a helical anchor;

Fig. 41 is a schematic, sectional view of another alternative

helical anchor;

i

Tig. , coctional view af annther altarnative

helical anchor;
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Fig. 43 is a partially sectioned view of another alternative
repair apparatus connected within a tendon;

Fig. 44A is a partially sectioned view of another alternative
repair apparatus in accordance with the invention;

Fig. 44B is a partially sectioned view similar to Fig. 44A, but
showing the partial absorption of the retaining member of this embodiment;

Fig. 45A is a partially sectioned view showing another
alternative embodiment of a repair apparatus in accordance with the
invention;

Fig. 45B is a partially sectioned view similar to Fig. 45A, but
showing partial absorption of the various components of the apparatus;

Fig. 45C is a partially sectioned view similar to Fig. 45B, but
iflustrating full absorption of the helical anchor and internal retaining
member and partial absorption of the elongate tensile member;

Fig. 46 is a perspective view show_ing the partially assembled
condition of another alternative repair apparatus employing a compressible
helical anchor;

Fig. 47A is a perspective view of an alternative apparatus
employing a compressible helical anchor with an integrated locking member;

Fig. 47B is a perspective view illustrating the embodiment of
Fig. 47A in a compressed and locked condition within a tendon;

Fig. 48A is a partially sectioned view of an alternative

el o Al Eme H H
smbcdimentforolc nhar ugad to retain a halical anchnr at a
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selected position along the elongate tensile member and showing the
locking membér in an adjustable condition;

Fig. 488B is a partially sectioned view similar to Fig. 48A, but
showing the locking member in a locked condition;

5 Fig. 49A is a perspective view showing another alternative
_ tendon repair apparatus employing compressible, helical anchors in
accordance with the invention;

Fig. 49B is a perspective view similar to Fig. 43A, but showing
the apparatus fully implanted to repair the tendon;

10 Fig. 50 is a perspective view of another alternative
. embodiment employing compressible,. helical anchors in accordance with
the invention;

Fig. 51A is a partially sectioned view of another alternative
tendon repair apparatus employing electromagnetic impulse energy to

15 collapse one helical member onto another and showing the uncollapsed
condition;

Fig. 518 is a partially sectioned view similar to Fig. 51A, but
showing the collapsed condition of the outer helical member and the
attachment of a locking member within a tendon;

20 Fig. 51C is a partially sectioned view similar to Fig. 51B, but
illustrating an alternative embodiment having a solid or non-helical inner
rétaining member;

F A e e o lmeable mammmeandiin sriawar abhavar 1
Tig. 92 i3 & sohematic, perspective view chowing 2 magnetic

impulse generator operatively connected to a patient’s finger for generating
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the required electromagnetic impulse in the embadiments of Figs. 51A and
51B;

Fig. 53A is a schematic, perspective view showing another
alternative embodiment of a tendon repair apparatus employing a collapsible

5  helical member;

Fig. 53B is a schematic perspective view showing an
intermediate step in the application of the collapsible helical member within
the tendon;

Fig. 53C is a schematic perspective view similar to Fig. 53B,

10 but showing a subsequent step with the callapsible helical member being
collapsed onto another helical member to compress tendon fibers -
_ therebetween;

Fig. 54 is another alternative embadiment similar to the

embodiment of Figs. 53A-53C, but schematically illustrating an expandable
15 helical member for trapping tendon fibers with another helical member;

Fig. 55 is a fragmented plan view showing another tendon
repair apparatus employing a collet structure in accordance with the
invention;

. Fig. 56 is a perspective view of another collet-type anchor
20  structure shown in exploded form;

Fig. 57 is a partially sectioned view of the embodiment shown

in Fig. 56, but illustrating the assembled condition of this embodiment

ALY m hmmdmume
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Fig. 58 is a perspective view of another alternative helical
anchor and internal retaining member showing a ratchet structure for
preventing counter-rotation of the retaining member;

Fig. 59 is a perspective view of another embodiment

5  employing two helical members with interlocking or intermeshing coils;

Fig. 60 is a perspective view of another alternative anchor
structure employing a flexible helical anchor wrapped around a retaining
member;

Fig. 61 is a graph illustrating a force/displacement curve

10  comparing a helical anchor repair apparatus of the invention against a
conventionai Kessler repair technique;

Fig. 62 is a perspective view of another alternative
embodiment of the invention employing two helical anchors integrated with
an elongate tensile member;

15 Fig. 63 is a partially sectioned view of a tendon retrieval
device constructed in accordance with the invention;

Fig. 64 is a perspective view showing use of the retrieval
device of Fig. 63;

Fig. 65 is a perspective view illustrating an alternative double

20  helix embodiment useful in the tendon retrieval device of this invention;
| Fig. 66 is an end view taken along line 66-66 of Fig. 65;

Fig. 67 is a perspective view illustrating another alternative

1ira amalavina tuia arimnshla anchar mamhbare  and an
ng Two cnmpanie anchor memasre, ant a2n

wre employt

elongate tensile member;
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Fig. 68 is a perspective view of a portion of a tool used to
apply the anchor structure shown in Fig. 67;

Fig. 69 is a partially sectioned view illustrating the use of the
tool to crimp the anchor members onto a tendon and the elongate tensile

5  member;

Fig. 70 is a sectional view taken generally along line 70-70 of
Fig. 67, but illustrating the crimped or deformed condition of the crimp
members on the tendon tissue;

Fig. 71 is a sectional view taken generally along line 71-71 of

10  Fig. 67, but illustrating the crimped or deformed condition of the crimp
members locked onto the elongate tensile member;

Fig. 72 is a plan view illustrating an alternative crimp-type
anchor structure employing a single crimp member and elongate tensile
member;

15 Fig. 73 is a sectional view taken generally along line 73-73 of
Fig. 72, but illustrating the crimped or deformed condition of the crimp
member onto the tendon tissue and around the elongate tensile member;
and

Fig. 74 is a sectional view taken generally along line 74-74 of

20  Fig. 72, but illustrating the crimped or deformed condition of the crimp

member onto the elongate tensile member.
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Detailed Description of the Preferred Embodiments
Bone and Meniscus Repair Device
As shown in Figs. 1-10, a novel device 10 for repairing a
fractured bone 12 is shown. The fractured bone repair device 10 has three
5 [.arimary parts, a flexible or rigid suture or filament 14, a first button 16, and
a second button 18. First button 16 is ideally identical to second button
18. The suture or filament may be rigid or flexible, monofilament or
multifilament.
As shown most particularly in Fig. 2, suture 14 has a first end
10 20 and a second end 22. First end 20 of suture 22 is made rigid so as to
allow the suture to be drilled through a fractured bone 12, as shown in Fig.
1. The rigid segment 20 is placed in a standard driver (not shown) which
is well-known to one of ordinary skill in the art, most preferably a MicroAire
Wire Driver. The rigid segment 20 ideally has a sharp point 24 to allow for
15  easier drilling.
A sheath 26 may also be provided for the filament 14 during
the drilling procedure and forms a part of this invention. The sheath 26
would serve as an extension from the collet 28 of any of the well-known
drilling tools. Two forms are contemplated. The first would use a
20  collapsing sheath (not shown), such as an accordion pleat such that the '
sheath will buckle as the tool moves towards the bone 12. alternatively, a
concentric spring 30 may be made of any of a variety of materials. The
matorial muet he strong enouah ta withetand any nuinctures fram small

bone fragments which may be displaced through the drilling procedure.
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However, it must be thin enough to allow its collapse as drilling progresses.
The material must also have sufficient heat resistance or a sufficiently high
melting point that it is unaffected by the heat generated by the drill. The
sheath - 26 will extend the full length of the drilling tool from the collet
5 28 to fully protect surrounding tissues. .

Optionally a short pin is located on the second end 22 of the
suture 14. This pin 32 may be used for hand drilling the bone 12. whether
the bone 12 must be hand-drilled or may be drilled by macﬁine is based on
a number of factors, all of which are well-known by these of ordinary skill

10 in the art. The fitament may alternately be passed through a pre-drilled hole

in the bone 12.
Regardless of how the bone. 12 is drilled, the method of
operation of the bone repair device 10 is the same. The rigid second end
. 22 is drilled from a first side 34 of a fracture 36 to a second side 38 of
15 fracture 36. The rigid second end 22 is then ‘pulled such that the suture
portion 14 is within the bone 12. The purpose of the suture 14 being
optionally flexible is that many bones which are fractured are small in size
and are not easily aligned. In order to properly repair a bone, m;st
particularly a small bone, using prior art technology, a practitioner must

20  spend a large amount of time precisely aligning the first side 34 and second
side 38 of fracture 36. If the suture used is flexible, the first side 34 and
second side 38 need not be precisely aligned, since the flexible suture 14

€an bend at any point. While it is desirable that first side 34 and second
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side 38 be somewhat aligned, it is not necessary to have as great a
precision and much time can be saved.

The suture 14 is preferably a monofilament or multifitament
wire or flexible polymer. The thickness of suture 14 depends on the size
and location of the bone but, for small bones such as an; in the hahd, will
fall within the range of 0.02 to 0.06 inches in diameter. The differing
tensile strengths which will be needed for various bones and the tensile
strengths of various thicknesses are well-known to one of ordinary skill in
the art.

Once the suture 14 has been drilled through bone 12, or
passed through a pre-drilled hole, it extends completely through bone 12
from the first side 34 of fracture 36 to the second side 38 of fracture 36.
The suture 14 must then be secured in order to hold the first side 34 and
second side 38 together until fracture 36 is healed. The suture is secured
on each side 34, 38 by a button 16, 18. Because each button 16, 18
is selected from the same group of possible designs, the designs are
described only in reference to first button 16. However, it will be
understood that second button 18 may have a similar design. )

As is most clearly shown in Figs. 5 and 6, two types of

" buttons 16 are preferred. Fig. & shows a button 16 which includes a

flange 40 which extends to or beneath the surface 44 of bone 12. Fig. 6
shows a button 16 which includes a flange 42 resting on the surface 44 of
Gons 2. Fianges 4U, 42 serve to aid in distributing the tension load from

the suture 14. Each button 16 has an inner surface 46, 48 which slidably

[
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contacts and circumscribes suture 14. On the inner surfaces 46, 48 of the
buttons 16 is one or more notches 50, 52. Notch 50 is formed such that it
is an extension of flange 40, whereas notch 52 is formed separately of
flange 42. Because suture 14 is flexible and somewhat soft, compared to
5 buttons 16, a crimping tool (not shown) may be used to press inwardly on
or crimp button 16 such that notches 50, 52 penetrate suture 14 and
become secured to suture 14. In this way, the buttons 16, 18 may
become attached to suture 14.
An alternative button 16 is shown in Figs. 7-10. This button

10 16 is a locking spring washer. With such a button 186, the tension on the
suture 14 may be increased, but not decreased. This type of button 16
locks by itself with no crimping tool required. The suture 14 ideally
includes notches or grooves 54 to aid in the attachment of button 16 to
suture 14.

15 This method if ideally designed for use with bones in the
hands or feet which are smaller and more delicate. However, the same
invention may be used in connection with larger bones and may be
particularly useful if a larger bone is broken into many smaller pieces. The
diameter of the rigid segment, filament, and pin must be adjusted to

20 effectively join the bone and fragment, especially if the bone and fragment
are large.

Turning to Fig. 11, the same invention may also be used to

eowmale o dassm maan fmmen EQ Tha nitiien nhavarn b i i
repair & torn moniscus 82, Tho suturs 14 {chown in dashed lines) is

threaded through the meniscus 56 from a first side 58 to a second side 60
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of fracture or gear 62, While a meniscus 56 is typically referred to as being
torn rather than fractured, the word “fracture” and all forms thereof should
be understood to refer to both bones and to menisci in the context of this
invention for ease of understanding and vocabulary and to avoid confusion

5  with the invention {described below) which relates to the repair of torn
tendons. A first button 16 is attached to and circumscribes suture 14 on a
first side 58 of the fracture 62 and a second button 18 is attached to and
circumscribes suture 14 on a second side 60 of fracture 62. Buttons 16,
18 may have the same configuration as those described above or may

10  resemble the tabs 144 as described in tendon repair, Figs. 17B.

Tendon Repair Device and Method
The method described may be used with any of the relevant
buttons in the present invention. The prior art method for repairing a torn
tendon is shown in Fig. 12, and involves making a single long incision over
15 the location of the torn tendon. The present invention (shown in Fig. 13)
uses a device and method for repairing a torn tendon through one or more
skin incisions and two or more smaller incisions in the sheath, minimizing
trauma to critical tissues. This invention may be used to repair either a
tendon or a ligament. The term “tendon” as used in the application should
20  be understood to also encompass ligaments.
As shown in Figs. 13 and 14, a surgeon makes a first incision

AAA m aka alin 1NN Avin
19 WIS IR Tve cVa Wn

in the lzcation of the tear 104 in tha tandan 106,

{t is noted that the skin above the tendon tear 104 may have already been
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incised as in a laceration. If such is the case, only a small neatening of the
incision may be relevant. The surgeon then makes a second incision 108
on the first side 110 of the first incision 100. The surgeon also makes a
third incision 112 on the second side 114 of the first incision. These
incisions 100, 108, 112 preferably involve several transverse incisions or
short “T” or “L” incisions. Additional small “window” incisions may be
necessary to gain access for retrieval of the tendon end. The incisions
100, 108, 112 may also involve rolling the tendon or ligament sheath down
a distance of about 3 mm. A needle 116 {Fig. 14) is then threaded with a
core suture or elongate tensile member 118. The needle i ‘116 is
preferably a swaged, large radius, non-cutting needle, which allows the
needle 116 to penetrate the filamentous tendon 106 without weakening it.
For flexor tendons in the hand, the suture 118 is preferably USP size No. 1
or No. 2 and is preferably made of a monofilament of poiyester, stainless
steel, or polyglactin 910, or other high strength material. The needle 116
and attached suture 118 are then inserted into the tendon at the first side

110 of the tear 104. The needle 116 and the suture 118 travel
down the center 120 of the tendon 106, exiting at the second incisions
108. The surgeon then inserts needle 116 and attached suture 118 at
approximately the same center 120 of the second side 124 of tear 104,
The needle 116 and attached suture 118 exit the tendon 106
through the third incision 112 on the second side 114 of the tear 104. The
suture 118 is then tightened such that the first side 122 of the tear 104 is

drawn into abutting relationship to the second side 124 of the tear 104,
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Fig. 13. A second suture 118 may also need to be inserted in a similar
fashion, as will become clear from the following description. Once the
suture 118 has been properly placed, it- must be secured in order to
maintain the abutting relationship between first side 122 and second side
124 of tear 104.

A first way of securing the suture is with a variety of buttons.
A first embodiment is shown in Fig. 15 which shows the use of a sliding
anchor button or body 126. A surgeon makes a stab or slit wound 128 in
the tendon 106 in an area generally under the second incision 108 made on
the first side 110 of the first incision 100. The sliding anchor button or
body 126 slips onto the suture 118 and into the stab wound 128 under the
exterior surface 129 of tendon 106. The sliding anchor button 126 has
burrs 130 which serve to assist in holding sliding anchor button 126 in
place in tendon 106 once it reaches the desired location. The burrs 130
are directed such that they are facing towards the tear 104 and generally
outwardly from the suture 118 and serve to reduce the possible motion of
sliding anchor button 126 and to distribute the axial load. In order to
properly place the sliding anchor button 126, a tool 132 should be used
which is capable of keeping the exterior surface of sliding anchor button
126 from coming into contact with tendon 106 prior to its correct
placement. The tool 132 is important, since otherwise, the burrs 130 can
tear or otherwise damage the tendon 106. Once the sliding anchor button
126 is in place, the tool 132 is retracted and sliding anchor button 126 is

swaged to the suture 118 such that sliding anchor button 126 is attached
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to and at least partially circumscribes suture 118. Figs. 15A-15D show a
variety of possible forms for the sliding anchor button 126 in cross section.
Each of these sliding anchor buttons 126 has a width W. Preferably width
W is about 2 mm. As can be seen in these Figs., the sliding anchor button

5 126 can be configured such that it slides onto suture 118 by being
threaded, as in Figs. 15B-15D, or through a side slot as in Fig. 15A. Note
also that in these embodiments, the burrs 130 are directed radially
outwardly from the suture. Once the sliding anchor button 126 has been
placed and swaged onto suture 118, the stab wound 128 is closed,

10  preferably using a continuous microsuture. As can be seen in Fig. 16A, the
stitches used to close the stab wound 128 may also penetrate to sliding
anchor button 126 and to optional holes 133. Once one sliding anchor
buttan 126 has been placed, a surgeon can insert a second sliding anchor
button in the same way on the second side 114 of the first incision 100

15 below the third incision 112, During the installation of the second button
126, the abutting relationship between first side 122 and second side 124
of tear 104 is assured by pre-tensioning the core suture 118 as the second
button 126 is attached. Tension may be applied by a special aspect of tool
132 or by manual means. The remainder of the procedure is the same as

20  that mentioned above. Once a button has been inserted on each of first
side 110 and second side 114, the tendon appears as is shown in Fig. 16.
The incisions 100, 108, 112 may then be closed in any fashion known in

e aa
LIS aiL.
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A second embodiment of.securing buttons is shown in Fig. 17.

In Fig. 17, two sutures 118 are used to hold first side 122 and second side
124 in abutting relationship, as was mentioned above. In such a case, a
first suture 118 must be placed to one side of the center 120 of tendon

5 106 and a second suture 118 must be placed to another side of the center
120 of tendon 106. If this embodiment is used, no stab wound need be
made in the tendon 106, In this embodiment, once the suture is placed,
the tab buttons 136 slide onto suiure 118 until they reach the exterior
surface 129. The suture 118 may be placed under greater tension by

10 pushing tab buttons 136 such that they place some pressure on the

exterior surface . 129 of tendon 106. Once the tab buttons 136 have
been appropriately placed, they are swaged or crimped to suture 118 such
that they are attached to and circumscribe at least a part of suture 1 18, as
shown most clearly in Fig. 17A, by a swaging tool 140. Preferably, as

15 shown in Fig. 178, the tab button 136 has a circular shape, and includes a

oo central portion 142 and a circular flange 144. The central portion 142 and
: flange 144 include a slot 146 which allows tab button 136 to be easily
placed on suture 118. When tab button 136 is in place, the ﬂan—ge 144
extends radially outwardly of the suture 118, shown most clearly in Fig.

20 17. The tab button 136 may include burrs 148 which extend generaily

eene outwardly from the suture 118 and serve to keep the tab buttons 136 in

place and distribute the axial load. Once the first tab button 136 has been

viaced, a second, third, and fourth tab button 136 may be similarly placed

using a similar method for each suture 118,
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The tab button 136 may also be used with a different
embodiment of the suture, as shown in Figs. 18A-18D. In this
embodiment, a split and monofilament 150 is used. The split end suture
150 is inserted in the center 120 of first side 122 of’ tendon 106, as shown

5 by the direction of the arrow in Fig. 18A. The split end suture 150 has a
first end 152. The first end 152 of split end suture 150 is divided into a
first part 154 and a second part 156. When split end suture 150 is
inserted into tendon 1086, the first part 154 and second part 156 are
contained within a cap 158 to retain first part 154 and second part 156

10 together. Cap 158 has a sharp end 160 to allow cap 158 to penetrate
tendon 106. After the split end suture 150 and cap 158 reach an
appropriate depth, the split end suture 150 is withdrawn in the direction of
the arrow shown in Fig. 18B. The split end suture 150 is withdrawn only
to just beyond the cap 158. The split end suture 150 is then pushed in an

15  inward direction as noted by the arrow in Fig. 18C. When the split end
suture 150 is pushed, the first part 154 and second part 156 split apart
and eventually break the exterior surface 138 of tendon 106. A fifth and
sixth tab button 136 are then attached to the first part 164 and second
part 156, respectively, such that fifth and sixth tab buttons 136 are

20 attached to and at least partially circumscribe the first part 154 and second
part 156, respectively. The same operation would apply on the second end
(not shown) of the split end suture 150, which is substantially the same as

the firet and 162 of cnlit end sutire 160 Tha sanand and wonld simoly he

inserted into the second side 124 of tear 104, Other considerations which
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would be relevant are that the split end suture 150 should ideally be
inserted such that half of it extends into each of first side 122 and second
side 124, and the first side 122 and second side 124 must be held in an
abutting relationship, so that the entire length of the split end suture 150
5  should be within the tendon 106. The tab buttons 136 used with the split
end suture 150 are the same as those mentioned earlier and may include
flanges 144 or burrs 148.
Turning now to Fig. 19, a third embodiment of buttons is
shown. The transverse button 162 is again used in conjunction with two
10  sutures 118, inserted as described above. The transverse button 162, as
shown in Fig. 19A, is attached to an partially circumscribes a first suture
118 and is swaged or crimped onto the first suture 118 with a swaging
tool, such as tool 140. Another transverse button 162 is attached to and
partially circumscribes a second suture 118 and is swaged or crimped onto
15  the second suture 118 with a swaging tool, such as tool 140. In this
embodiment, the transverse buttons 162 are attached to each other by a
telescoping mating pin 164. Attached to one of the transverse buttons
162 is the male portion 166 of the pin 164, and attached to the other
transverse button 162 is the female portion 168 of the pin 164. The male
20  portion 166 and the female portion 168 are pushed towards each other
through tendon 106. When male portion 166 and female portion 168 reach
each other, they ratchet and lock, thereby causing one of the transverse

hittane 1R2 tn he attached ta the athar transverse hutton 162,
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The second method of securing the suture, instead of using
buttons, is by using the suture itself. Turning to Figs. 20A and 208B, the
suture 170 includes barbs 172, which serve to secure the suture 170 and
distribute the axial load. When the barbed sutures 170 are inserted into

§ tendon 106 as described above, the sutures must be completely surrounded
by a cannula 174 or other protective device which serves to keep barbs
172 from become attached to tendon 106 prior to proper placement. Once
suture 170 is properly placed, as shown in Fig. 20A, cannula 174 is
removed in any standard way. The barbs 172 will then keep the suture
10 170 in place and keep first side 122 and second side 124 of tear 104 in
abutting relationship.
An alternative installation process may be used in this

invention where a single suture has a needle on each end. In which case

the needles enter the central wound opening and each penetrates the

15 severed end of the tendon; the two needles moving in opposite directions
to exit at one of the window openings spaced from the wound. After each
needle exits the suture is tightened and the tendon ends are drawn together

by the structure and procedural steps described above.

Device ing a Tendo a Bone
20 This invention relates to the use of a button as described
above in connection with a known bone anchor in order to secure a tendon

ta a hane  Turninag firet tn Fig 21 a svstem is shown far attaching a bone

200 and a tendon or ligament 202. A bone anchor 204 is installed in a
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hole 205 in the bone 200. Any of the standard bone anchors known in the
art are suitable, as long as they are capable of being attached to a flexible
suture 206. As shown in Fig. 21, a sliding anchor button 208 is attached
to the flexible suture 206 and at least partially circumscribes the flexible
5 suture 206. The sliding anchor button shown in connection with the bone
anchor 204 is inserted as was described earlier in connection with the
tendon repair device under the surface 210 of the tendon 202.
Turning now to Fig. 22, a second embodiment of the tendon-
bone anchor is disclosed. This embodiment is most preferably used when
10 the tendon has a relatively thin cross-section, such as for exterior tendons
and most ligaments. Again, bone anchor 204 is installed in a hole 205 in
the bone 200. Any of the standard bone anchors known in the art are
suitable, as long as they are capable of being attached to a flexible suture
206. Also attached to the flexible suture 206 is a tab button 212, which
15 includes barbs 214 extending generally parallel with flexible suture 206 and
radially outward on flange 211. Tab button 212 is attached to suture 206
as was described above such that tab button 212 is attached to and at
least partially circumscribes suture 206,
Another embodiment of a tendon to bone repair apparatus 250
20 is shown in Figs. 23A-23C. In this embodiment, apparatus 250 includes an
i elongate tensile member 252 connected at one end with a bone anchor
254, such as by a knot or other stop member 252a. Bone anchor 254 may
be a conventional bone anchor confiaured for retainment within a bone

256. Apparatus 250 further includes a helical, compressible anchor 258
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which has been rotated into a tendon or ligament 260. A retaining member
262, which may simply comprise a small button in this embodiment,
receives elongate tensile member 252, which may be a strong suture, and
slides down onto tendan 260 as shown in Fig. 23B. A locking member,

5  which may be a crimp member 264 receives elongate tensile member 252

and slides down on top of retaining member 262 where upon it is deformed

or crimped and locked onto elongate tensile member 2_52 to hold apparatus ;
250 together with a portion of tendon 260 held firmly against bone anchor
254, As further detailed in Fig. 23C, the compressible, helical anchor 268,

10  which may have the tapered configuration as shown or other configurations
as detailed herein, traps fiber 266 of tendon 260 in a generally sinusoid
pattern between respective coils of anchor 258.

Another embodiment of a tendon to bone repair apparatus 270

is shown in Figs. 24A-24C. Apparatus 270 also comprises an elongate

15  tensile member 272 connected with a bone anchor 274 again by way of a
suitable stop, knot or other method. Bone anchor 274 is fixedly secured
within a bone 276. A helical anchor 278 is rotated into a tendon or
ligament 280 and is compressible. Unlike the previous embodiment,
however, anchor 278 is inserted generally with its axis in line with the

20 length of tendon or ligament 280 and anchor 278 is compressible generally
along its length, as shown in Fig. 24B. When a retaining member 282 is
received on elongate tensile member 272 and compressed onto tendon
280, apainet hnne anrhar 274 this will rcampress helical anchor 278 in a

sideward manner as shown. A locking member 284, which again may be a
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crimp member integral or separate from retaining member 282, is then slid
down elongate tensile member against retaining member 282 to hold .
apparatus 270 in the position shown in Fig. 24B. As shown in Fig. 24C,
elongate tensile member 272 extends through the center of helical anchor
278 generally along the lengthwise axis thereof and from’one end to the
other, aithough the helical anchor may intertwine with the coils of anchor

274 in other manners as well. Fibers 286 of tendon 280 will extend

between the coils of anchor 274 in a generally sinusoidal pattern thus
firmly trapping anchor 274 within tendon or ligament 280.

Another embodiment 290 is shown in Fig. 25A. Apparatus
290 comprises an elongate tensile member 292 suitable connected to a
bone anchor 294 by way of a knot or stop member 292a or another
method. Apparatus 290 further includes a helical anchor 298, which again
is preferably compressible, and received on elongate tensile member 292,
A retaining member 302 is also received on elongate tensile member 292
as shown in Fig. 25A. Locking members, in the form of projections 294a,
294b, 294c, are disposed on bone anchor 294 and register in receiving
slots 302a, 302b, 302¢ within retaining member 302. Apparatis 290 is
used in a manner similar to apparatus 250 shown in Figs. 23A-23C, except
that after helical anchor 298 has been rotated into a tendon, retaining
member 302 is pushed or rotated simultaneously with helical anchor 298 if
anchor 298 is attached to retaining member 302, and locked onto bone
anchor 294 through the receipt of proisctiane 2245, 29406, 2540

within the respective slots 302a, 302b, 302¢. The insertion and
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anchor 298 within a tendon or ligament may advantageously occur in a

single surgical step if helical anchor 298 is connected for rotation with

retaining member 302. In this case, for example, rotation of retaining

member 302 can simultaneously rotate helical anchor 298 into a tendon or
5 ligament and lock the assembly onto bone anchor 294.

Another embodiment of a tendon to bone repair apparatus 310
is shown in Fig. 25B. In apparatus 310, an elongate tensile member 312 is
again connected with a bone anchor 314 by a suitable method, such as a
knot 312a. Bone anchor 314 is securely affixed, such as by a threading

10 action within a bone 316. A helical anchor 318 is received on elongate
tensile member 312 and is adapted to be rotated into a tendon 320.

" Helical anchor 318 is connected to a retaining member 322 in this
embodiment either through a mechanical or integral connection. A locking
member 324, which again may comprise a crimp member, is integrally

15 formed with retaining member 322 in this alternative embodiment. In its
attached configuration, apparatus 310 is very similar to apparatus 250
shown in Figs. 23A-23C with helical anchor 318 being trapped within
tendon 320 and fibers thereof being generaily sinusoidally trapped between
the coils of anchor 318.

20 Another alternative tendon bone repair apparatus 330 is
shown in Fig. 26. Apparatus 330 includes an elongate tensile member 332
connected in a suitable rigid manner to bone anchor 334 such that it may
be placed into tension. Bone anchor 334 is again affixed securelv within a

bone 336. A helical anchor 338 is rotated into a tendon or ligament 340 in
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a manner similar to the embodiment, for example, of Figs. 23A-23C. In
this embodiment, however, a retaining member 322 is provided for at least
partial insertion within anchor 338 as shown in the assembled condition of
Fig. 26. This traps fibers between retaining member 342 and the coils of
S anchor 338. Once retaining member 342 is securely received within anchor
338, a locking member 344, which may be integral to or separate from
retaining member 342, is slid onto elongate tensile member 332 against
retaining member 342 and crimped onto tensile member 332. It should be
appreciated that, although the elongate tensile members of the
10  embodiments shown in Figs. 23A-26 are flexible sutures, these may also be
more rigid tensile members, such as members made of biocompatible
metals or they may alternatively be formed of absorbable materials. One or
mare of the other elements of these tendon to bone repair apparatus may

also be formed of absorbable materials.

15  Alternative Tendon Repair Apparatus A
The invention contemplates further embodiments of tendon-to-

tendon or ligament-to-ligament repair apparatus. For simplicity, only the
term “tendon” is used herein at various points. A review of the general
procedure is appropriate with reference first to Figs. 27 and 28. When

20 faced with repairing a severed or otherwise damaged tendon, the surgeon
must make an incision to repair the severed or damaged tendon. Figure 27
shows the actual laceration site 350 of a finger 351 and the augmented

incision 352 made by the surgeon to gain access. After the incision has
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been made the skin flaps 354 are reflected back for full visualization of the
damage. The surgeon will retrieve the proximal tendon segment 356 of the
damaged tendon through a triangular window access incision 358 made in
the tendon sheath 360. The triangular incision 358 helps prevent the end
S5  of the proxima! tendon segment 356 from catching on window incision 358
as it is retrieved. The distal segment 362 of the damaged tendon will also
be retrieved in the same manner. Once the tendons ends have been
retrieved as shown in Figure 28, they are held in place temporarily with
transfixation needles 364. The function of these needles is to hold the
10  tendon segments 356, 362 together without damaging the tips of the
tendon which must be kept as trauma free as possible to promote a good
repair.
Figure 29 shows the transfixed tendon ends 370, 372 without
the surrounding anatomy and transfixation needles 364. In accordance
15 with the invention, access incisions 374 of about 0.5 cm in length is made
approximately 2-3 cm from the lacerated ends 370, 372 of the tendon.
Preferably, a No. 2 suture 376 is placed in through the access incision 374
of the proximal tendon segment 356 out through the lacerated end 372 of
the proximal segment 356 into the lacerated end 370 of the distal tendon
20  segment 362 and out through the access incision 374 of the distal tendon
segment 362. Once the suture 376 is placed lengthwise through the
tendon with a needle 378, the surgeon places an anchor system of this

invention into the tendon bodv.
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Fig. 31A illustrates an alternative tool 392’ for rotating helical
anchor 390 into the tendon. Tool 392’ includes a flexible, hollow shaft
396’, however, in this embodiment shaft 396’ is contained within a hollow
sheath 397 which is also flexible. Anti-rotation structure 399 is disposed
5 within sheath 397 and may be actuated between a retracted position within
sheath and an extended position as shown in Fig. 31A. In the illustrative
example shown, structure 399 comprises spikes that flare outwardly into
tendon segment 356 to prevent rotation of tendon segment 356 as flexible
shaft 396’ is rotated, while sheath 397 remains stationary. This prevents
10 the tendency of the tendon from rotating with the anchor as the anchor is
rotated into place.
Referring now to Figs. 29-31, a first alternative helical anchor
repair apparatus is shown being inserted into tendon segments 356, 362.
This includes a first helical anchor 390 being applied with a tool 392 having
15 a handle 394 and a flexible shaft 396. It will be appreciated that many
different tool configurations may be used in place of tool 392. A distal end
of tool 392 includes an anchor mounting portion 398 having a blunt tip. A
trailing end 400 of helical anchor 390 includes a drive portion received in an
aperture 402 associated with a hub 404 of end portion 398. Anchor 390
20  further includes a leading end 406 which may be formed as either a
sharpened or blunt tip. Anchor mounting portion 398 further includes a
suitable aperture {not shown) along its length such that elongate tensile

membar or suture 376 mav be threaded therethrough as shown in Fia. 29.
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Thus, anchor 390 is releasably attached to end portion 398 and elongate
tensile member 376 extends through the center of helical anchor 380.
Tool 392 is used to rotate helical anchor 390 like a screw into
tendon segment 356 through access incision 374 and rotated into place as
5 shown in Fig. 31. At this point, the surgeon pulls back on tool 332 thereby
releasing mounting end portion 398 from helical anchor 390. At this point,
and as shown in Fig. 32, a retaining member 410 is installed at least
partially within helical anchor 390. An installation tool 412 is used to grasp
retaining member 410, which is slidably received on elongate tensile
10  member 376. The surgeon slides retaining member 410 along elongate
tensile member or suture 376 until reaching the position shown in Fig. 33.
This traps and compresses the collagen fibers of the tendon between
retaining member 410 and helical anchor 390 in a manner to be discussed
further below. When retaining member is firmly situated within helical
15  anchor 390, the surgeon can deform a rear crimpable portion 414 as
depicted in Figs. 33, 34 and 34A. In this regard, Fig. 34 shows rear
crimpable portion 414 in an uncrimped state, while Fig. 34A shows
crimpable portion 414 in a crimped position securely affixed to elongate
tensile member 376. This fixes the anchor structure, comprising anchor
20 390 and retaining member 410 securely to the fibers within tendon
segment 356 and also affixes the anchor structure to the desired location
on elongate tensile member suture 376. Upon completion of this step, the
suraean moves an ta tanden seament 362 and anplies a similar procedure

to affix a second helical anchor 420 and retaining member 422 to the
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suture 376 through access incision 374, Prior to crimping retaining
member 422 onto suture 376, the surgeon may adjust the distance
between tendon ends 370, 372 by sliding the anchor structure 420, 422
along suture 376 while applying a force, such as with tool 41 2, to move

5 the assembly 420, 422 along with tendon segment 362 toward the
opposite segment 356. When the desired repair position is reached, for
example, with tendon ends 370, 372 approximately 1-2 mm apart, the
surgeon crimps retaining member 422 to suture 376 in a manner similar to
Fig. 34A.

10 It will be understood that other manners of locking a retaining
member, such as members 410 and 422, in place may be used instead of
crimp members or deformable portions of the retaining members. As
shown in Fig. 35, opposite ends of suture 376 are cut at locations close to
the respective rz;taining members 410, 422 and access incisions are closed,

15 such as by using sutures 424, 426 or another acceptable method. Finally,

a running suture 428 is placed at the junction of tendon ends 370, 372 or,

.:...5 again, another acceptable connection method may be used.
Fig. 36 illustrates an alternative helical anchor 440 and

retaining member 442 connected to elongate tensile member or suture 376

':.::: 20  and held within tendon segment 356. Fig. 36 further illustrates the

::... benefits of the invention in more detail. In this regard, fibers 444,

:::::. which extend lengthwise within tendon segment 356 have been engaged
el within coils 446 of anchor 440 as anchor 440 was rotated into nlare ac

previously described. This engagement will occur generally in a sinusoidal
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shown, although the number and density of fibers 444 has been drastically
reduced in the figure for clarity. Retaining member 442 may also have a
discontinuous outer surface 448, as shown, such as a serrated surface as
shown in cross section in this view. This will further help retain the tendon

5 fibers 444 between retaining member 442 and helical anchor 440 and
prevent retaining member 442 from backing out of helical anchor 440. An
integral crimp member 450 is disposed on a trailing end of retaining
member 442. A separate crimp member or other locking structure may be
used in its place.

10 Fig. 37 discloses another alternative embodiment including a
helical anchor 460 and a retaining member 462 adapted to be fixed into
place on elongate tensile member 376 in a manner generally similar to the
previous helical anchor embodiments. In this embodiment, retaining
member 462 includes a discontinuous outer surface in the fprm of a

15  threaded surface 464 which provides an anti-backout function and will
allow gripping of the tendon fibers as retaining member 462 is rotated into
helical anchor 460. A crimp member 466 may be provided to fix retaining
member 462 in place as previously described. Also, suitable flats 468 may
be provided for tool engagement allowing rotation of retaining member 462.

20 Figs. 37A and 37B respectively illustrate another alternative
embodiment of a helical anchor 460’ and an anchor structure comprising a
helical anchor and retaining member 460°, 462". Helical anchor 460" has
opposite. taperina but blunt ends 460a’. 460b’ to allow insertion into a

tendon at either end 460a’ and 460b’. The biunt ends 460a°‘, 460b’ will
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spread the tendon tissue during entry as opposed to tearing, slicing or
otherwise damaging the tissue. Other sharpened or blunt end
configurations may be used as well. Retaining member 462’ includes a slot
462a’ at a trailing end for engagement with a rotating tool, and a tapered
5 leading end 462b’ for entry into helical anchor 460°. An outer surface
462¢’ is discontinuous in a convoluted, generally helical manner to
generally register with the coils of helical anchor 460°. Thus, fibers 444
will be retained during use in a generally sinusoidal manner between the
coils of helical anchor 460’ and the convoluted outer surface 462¢’ of
10 retaining member 462'. Finally, retaining member 462" includes a central
aperture 463 along its longitudinal axis for receiving an elongate tensile
member such as the previously described suture 376.
Figs. 38 and 39 illustrate another alternative embodiment
utilizing a modified elongate tensile member 376" having barb or ratchet
15 structure 470. Ratchet structure 470 is engageable with an internal portion
472 of a retaining member 474. Therefore, as retaining member 474 is
moved into helical anchor 460, the interaction of structures 470 and 472
will prevent retaining member 474 from backing out. This therefore
provides an alternative locking structure for holding retaining member 474
20  against anchor 460 with tendon fibers trapped and compressed
therebetween. As further shown in Fig. 39, retaining member 474 may be
formed from absorbable material, such as polyglycolic acid or
nolualsconate. Ac rataining mambar 474 is ahsorbed. more tensile force

gty

will be experienced at the repair site as retaining member 474 will tend to
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move slightly further into helical anchor 460. This gradual increase in
tensile stress at the repair site will promote faster and stronger healing.
Figs. 40-42 illustrate three potential alternative embodiments
of helical anchors, namely, anchors 480, 482 and 484. As currently
5 contemplated, the anchors will be tapered from a larger diameter at a
i trailing end to a smaller diameter at a leading end to assist in threading the
anchor into the tendon tissue. However, it will be understood that many
other configurations are possible as well with a few of the possibilities
illustrated in Figs. 40-42. In Fig. 40, helical anchor 480, shown in cross
10  section, has a varying diameter along its length and an axis 486 which is
not parallel to elongate tensile member 376 during use. Also, tensile
member 376 travels partially within the coils of anchor 480 and partiaily
outside of the coils. In Fig. 41, a similar configuration is shown, except
that tensile member 376 is contained entirely within helical anchor 482 and
15 anchor 482 has coils of approximately equal diameter along its length. Fig.
42 illustrates an anchor 484 that converges in diameter centrally from each
end.
Fig. 43 illustrates another embodiment of the invention
wherein the elongate tensile member 376 is retained by a wedging action
20 between a rataining member 490 and a helical anchor 492. Retaining
member 490 may have a serrated or otherwise discontinuous outer surface
494 for assisting in wedging and retaining elongate tensile member 376
anainct tendon fihers 49R and helical anchor 492, Again. the number and

density of fibers 496 is drastically reduced in Fig. 43 for clarity.
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Another embodiment of the invention is shown in Figs. 44A
and 44B. This embodiment is similar to the embodiment shown in Fig. 36
but illustrates the effect of forming retaining member 442’ from absorbable
materials. The effect is similar to the effect described above in connection
5  with Figs. 38 and 39. That is, as retaining member 442’ absorbs into the
tendon, the repair site will experience a greater amount of tensile force
during physical therapy or other motion of the tendon. Again, this will
speed the healing process and result in strengthening the repair site.
Figs. 45A-45C illustrate a further use of absorbable materials
10  for helical anchor 440, retaining member 442’ and elongate tensile
member 376°'. In this embodiment, each of the elements will gradually
absorb as shown progressively in the figures such that the function of
transferring more tensile stress to the repair site is accomplished and such
that the repair apparatus as a whole will fully or substantially absorb into
15  the tendon after it has fulfilled its repair function. [n this embodiment, the
absorption rates of the different components may be varied by using
different materials. For example, retaining member 442’ may be formed to
absorb faster than elongate tensile member 376’ or anchor 440’ such that
tension is, at first, gradually transferred to the repair site. Then, after full
20 healing has taken place, the remaining components can absorb into the
tendon, removing all tensile reinforcement from the repair.

Fig. 46 illustrates an alternative embodiment of the invention

a comnracsible halical anchar 500 receiving elonaate tensile

member 376 and adapted to be retained in place within a tendon through a
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compressing action brought about by a suitable structure on elongate
tensile member 376, such as a separate crimp member 502 or an integral
or attached crimp member associated with helical anchor 500 as shown in
Figs. 47A and 47B. It will be understood that many other potential locking
5  structure may be substituted for crimp members 502 and 504 as long as
the ultimate function of compressing‘helical anchor 500 is accomplished.
As shown in Fig. 47B, when crimp member 502 or 504 is fixed onto :
elongate tensile member 376, an elongate tensile member 376 is pulled in |
the direction of arrow 506, toward the repair site, the coils of helical
10  anchor 500 will compress and securely engage the tendon fibers therein.
In this manner, helical anchor 500 will be focked onto tendon fibers 508
and the tendon segments may be pulled together at the repair site in the
manner described above. 1
An alternative crimp member is shown in Figs. 48A and 48B.
15  In this embadiment, crimp member 520 comprises first and second
movable portions 522, 524 connected at a central portion 526. Crimp
member 520 may be received on and slid along elongate tensile member
376 in abutting relation to a trailing end portion 500a of helical anchor 500
and crimped against elongate tensile member 376 by squeezing ends 528,
20 530 together as shown in Fig. 48B. A nub 532 and opposing recess 534
may be provided to help retain crimp member 520 fixed against elongate

tensile member 376. Opposite ends 536, 538 may bear against trailing end

portion S00¢. In thic manner, the acsembhly mav he nsed_ for axamale, in

the manner described with respect to Fig. 47B.
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An alternative embodiment of a repair apparatus 550
incorporating an elongate tensile member 552 and a pair of compressible,
helical anchors 554, 556 is shown in Figs. 49A and 49B. In this
embodiment, elongate tensile member 552 is initially comprised of two

S5  suture segments 552a, 552b. As with the other embodiments this may be

USP No. 2 suture. As in the previous embodiments, a crimp member 558,
560 may be associated with each compressible, helical énchor 554, 556 or
the respective tensile member segments 552a, 552b may be connected
with anchors 554, 5§56 in another suitable manner. The two tensile

10 member segments 552a, 552b are threaded through a central crimp
member 562 after being introduced through respective tendon segments
564, 566 preferably through respective proximal and distal windows in the
tendon as described above. Tensile member segments 552a, 552b are”
pulled taut through central crimp member 562. This simultaneously

15 compresses helical anchors 554, 556 and pulls tendon segments 564, 566
together to a repair position as shown in Fig. 49B. At this time, a
conventional running suture 568, or optionally an adhesive or other
acceptable method, may be used to connect tendon segments 564, 566
together at the repair site.

20 Another embodiment of a tendon repair apparatus 570 is
shown in Fig. 50. Apparatus 570 utilizes an elongate tensile member 572,
such as a suture comprised of one suture segment looped through a
plurality of. for example. four comoressible. helical anchors 5§74. 676. 578.

580. In this embadiment, separate crimp members at each helical anchor
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may be eliminated as tﬁe suture itsélf will pull each of the helical anchors
574, 576, 578, 580 to a compressed position as the two suture ends
572a, 572b are pulled through central crimp member 582. As in the
embodiment of Fig. 49A and 49B, pulling the two ends 572a, 572b

5  through central crimp member 582 will simultaneously compress each
helical anchor 574, 676, 578, 580 and bring tendon segments 584, 686
together to a repair position at which points ends 572a, 572b may be cut
and a running suture or other final attachment method may be employed by
the surgeon to complete the repair.

10 Figs. 51A, 51B and 52 illustrate an alternative manner of
employing helical anchors to connect a repair apparatus to tendons and
ligaments. Specifically, this system employs first and second helical
members 590, 592 with at least one of the helical members 590, 592
being movable towardAthe other to trap and compress tendon or ligament

15 fibers 594 of the tendon or ligament 596 therebetween. As with other -
embodiments of the invention, a suitable locking member, such as a crimp
member 600, may be used to connect elongate tensile member 598 for
movement with anchor members 590, 592 such that tendon segment 596
may be pulled and placed under tension with elongate tensile member 598.

20 In the specific embodiment shown in Figs. 51A, 51B and 52, a magnetic
impulse generator 602 is connected with a magnetic impulse supply unit
604 disposed around the patient’s finger 606. Analogous systems are
available from Maxwell Magneform® in San Dieao. California. When a

magnetic impulse or impulses are supplied with generator 602 this will
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collapse first helical member 590 onto second helical member 592. To
accomplish this, for example, first helical member or outer helical member
590 may be formed from a magnetic metal material, while second helical
member or inner member 582 is formed from a non-magnetic material and,
5 therefore, does not deform through the application of an electromagnetic

impulse. As with several other embodiments of this invention, this again

employs the general technique of providing two portions of a tendon or
ligament anchor structure with at least one portion being movable toward
the other portion to trap and compress tendon or ligament fibers

10  therebetween. Furthermore, prior to crimping of memberb 600, crimp
member 600 may be moved along elongate tensile member 598, after
collapsing outer helical member 590 such that tendon segment 596 is
moved to the appropriate repair position at which point the surgeon may
crimp member 600 to retain tendon segment 596 at the repair position.

15 Fig. 51C illustrates another alternative embodiment similar in
concept to the embodiment of Figs. 51A and 51B. In this embodiment,
however, an inner retaining member 462’ can comprise a solid core
member, as opposed to a helical member. Retaining member 462’ can be
formed of absorbable or non-absorbable materials. Retaining member 462’

20 is preferably threaded over elongate tensile member 698 after insertioﬁ of
outer helical member 590 within tendon 596. Initially, outer helical
member 5690 is in an uncollapsed or expanded state, as shown in phantom
lines, and receives both elongate tensile member 598 and retaining member

462°. After insertion of retaining member 462, one or more
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electromagnetic impulses are applied to collapse outer helical member 530
generally to the position shown in solid lines thereby compressing tendon
fibers 594 between outer helical member 590 and inner retaining member
462'. As further shown, retaining member 462’ may include an outer
5§ discontinuous surface, such as a convoluted or threaded surface 462c’ to
help retain, grip or otherwise engage fibers 594. As necessary, a locking
member 600’ may be crimped or otherwise locked onto elongate tensile
member 598 and against retaining member 462 to lock the anchor
structure, comprising retaining member 462’ and helical member 590, to
10  elongate tensile member. It will be appreciated that locking member 600°
may not be necessary in any given application of the inventive concepts.
Figs. 53A-53C illustrate another alternative embodiment of a
repair apparatus 610 employing generally similar concepts to the
embodiment of Figs. 51A and 51B. Specifically, in Fig. 53A, apparatus
15 610 is employed in a tendon segment 612 and again includes an elongate
tensile member 614 connected with a first helical member 616 by a
suitable connector 618. A second helical member 620 is initially contained
in a hollow, helical carrier 622. Carrier 622 has a diamgter “D" which is
greater than the diameter “d" of second helical member 620. Thus, as
20  second helical member 620 is rotated into carrier 622, member 620
elastically expands to the shape of carrier 622 and is therefore initially
disposed or carried at a diameter “D". As further shown in Fig. 53B, as
carrier 622 and second helical member 620 are rotated into tendon

segment 612 through an access incision 624, carrier 622 is rotated over
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first helical member 616. As further shown in Fig. 53C, as carrier 622 is
counter-rotated or rotated in a reverse direction, second helical member
620 is left behind and resiliently contracts or compresses around first
helical member 616 thereby trapping tendon fibers (not shown) between
5  member 616 and member 620. It may be necessary for the surgeon to
hold second helical member 620 stationary while counter-rotating carrier
'622 as shown in Fig. 53C. Upon removal of carrier 622, elongate tensile
member 614 will be effectively connected to tendon segment 612 and may
be placed under tension while, for example, pulling tendon segment 612 to
10 a repair position as previously described.
Fig. 54 illustrates an alternative embodiment of an apparatus
630 essentially employing a reverse technique as compared to the
embodiment of Figs. 53A-53C. In this embodiment, a hollow, helical
carrier 632 has a smaller outer diameter “d”, than the respective diameters
15 “D” associated with first and second helical members 634, 636. Elongate
tensile member 614 may be suitably connected to first helical member 634,
such as through the use of a suture knot 614a. In this emb;)diment, first
helical member 634 is rotated into tendon segment 612 in one of the
previously described manners and, similarly, carrier 632, which contains
20  second helical member 636 in a resiliently compressed state is rotated into
the center of first helical member 634. With second helical member 636
held stationary, helical carrier 632 is counter-rotated, as shown in Fig. 54,
leaving second helical member 636 to resilientlv expand to its normal

diameter “D" thereby trapping tendon fibers (not shown) between first and
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second helical members 634, 636. With carrier 632 removed, and helical
members 634, 636 securely affixed to the tendon fibers, elongate tensile
member 614 may be placed under tension and used to pull tendon segment
612 to a repair position as previously described. It should be appreciated

5 that the respective diameters of helical members 616, 620 and 634, 636
may vary within the same anchor system. That is, helical anchor 616 may
be slightly smaller or larger than helical anchor 620 and helical anchor 634
may be slightly smaller or larger than helical anchor 636 while retaining the
ability to trap tendon fibers therebetween. Again, each of these anchor

10  structures emplay at [east one moveable anchor portion to trap fibers

between itself and another anchor member.

Fig. 55 illustrates another alternative apparatus 640 comprised
of a helical anchor 642 and elongate tensile member 644 and a retaining
member 646. These three elements operate together similar to previous

15  embodiments in that helical anchor 642 and retaining members 646 are
each initially slidable along elongate tensile member 644. Elongate tensile
member 644 may again be a flexible suture, semi-flexible or rigid tensile
member. In this embodiment, retaining member 648 acts as a collet
structure and includes one or more slots 648 extending from a leading end

20 646a. Also, retaining member 646 may include a discontinuous outer
surface 650, such as a surface having a generally threaded cenfiguration.
it will be appreciated that, as retaining member 646 is rotated into helical
anrhnr A42_ tendon or ligament fibers (not shown) will be trapped between

surface 650 of retaining member 646 and the inner surfaces of helical
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anchor 642. At the same time, the collet structure at the leading end of
retaining member 646 will compress due to the slot or slots 648 and will
clamp against elongate tensile member 644 to retain the assembly fixed on
elongate tensile member 644. Retaining member 646 may be formed of a
5 material that allows the leading end to plastically deform and clamp onto
elongate tensile member 644.
A related embodiment utilizing collet-like structure is shown in

Figs. 56 and 57. In this embodiment, an apparatus 660 generally includes

a helical anchor 662 and a two-piece retaining member structure comprised
10  of inner and outer retaining elements 664, 666. Anchor 662 and retaining |
elements 664, 666 are initially slidable along an elongate tensile member i
668. One or more slots 670 are formed at a leading end of inner retaining
element 664 and one or more slots 672 are formed at a trailing end of
outer retaining element 666. Again, an outer surface 674 may be
15 discontinuous to help trap tendon fiber between outer retaining element
666 and helical anchor 662 as described below. A review of Fig. 57 will
indicate the function of various elements shown in Fig. 56. More
particularly, after helical anchor 662 has been rotated into a tendon
segment 676, the surgeon slides inner retaining element 664 into helical
20 anchor 662 to trap tendon fiber 678 between outer surface 674 and helical
anchor 662. To lock the assembly into place and to expand outer retaining
element 664 to further lock the tendon fiber 678, the surgeon slides inner
retaining alement 664 or. alternativelv. rotates inner retaining element 664

into outer retaining element 666. This simultaneously expands outer

-74-




WO 01/28457 PCT/US99/24098
71-

retaining element 666 through the action of slots 672 and contracts the
leading end of inner retaining element 664 through the action of slots 670
and a tapered inner surface 680 of outer retaining element 666. Thus, in
the position shown in Fig. 57, apparatus 660 is ready for use in accordance

5  with the inventive concepts to repair the tendon by placing tendon segment
676 into tension using elongate tensile member 668.

Fig. 58 illustrates an alternative apparatus 690 again
employing a helical anchor member 692 and a retaining member 694 each
connected for sliding movement along an elongate tensile member 696.

10  Retaining member 694 may again include a drive portion 698 for allowing
retaining member 694 to be rotated into helical anchor 692. This
embodiment illustrates a manner of preventing counter-rotation or backout
of retaining member 694 after installation within a tendon. In this regard, a
ratchet structure 700 is disposed at a trailing end portion of retaining

15 member 694 for engaging a trailing end 692a of helical anchor 632. As

retaining member 694 is rotated into helical anchor 692, ratchet structure

700 will engage trailing end 692a to prevent counter-rotation of retaining
member 694.
Fig. 59 illustrates two helical anchors 702, 704 in which the
20  helical coils are interlocked or intertwined. This may be used in the various
embodiments of this invention to better interlock the helical anchor
structure with the tendon fibers. For example, while one helical anchor

'y rotzted into the tendan and, suhseniently, the second

helical anchor 704 may be rotated in an interlocking fashion with the first
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helical anchor 702. The assembly is then used in accordance with the
invention, and with one or more elongate tensile members or tensile
member segments to place a tendon under tension during a repair as
generally described herein. Alternatively, the coils of anchor 702, 704 may

5  interlock in a lateral direction as shown in Fig. 53 without actually having
the coils of one anchor rotate into the coils of the other anchor.

Fig. 60 illustrates an alternative apparatus 710 in which a
flexible helical anchor 712 is wrapped around an internal retaining member
714. Helical anchor 712 may be formed from suture material, for example,

10  that is one in the same with an elongate tensile member 716 used in
éccordance with the inventive concepts or which is separate from an
elongate tensile member which may extend through a central longitudinal
aperture {not shown) within retaining member 714. Leading and trailing
hook members 718, 720 may be provided for guiding helical anchor 712 at

15  the ends of retaining member 714,

Fig. 61 illustrates force vs. displacement curves for helical
anchor apparatus of the present invention as compared to conventional
Kessler repair technigues. The helical anchor repair apparatus represented
in Fig. 61 corresponds with the embodimer"nt of Fig. 37B. The Kessler

20  stitch techniques were performed with 3-0 Vicryl sutures and each repair
was placed in porcine tendon of approximately 5 mm diameter. The graph
demonstrates that the Kessler stitches allow displacement or gapping
between the tendon segments at low levels of tensile force as compared to

the helical anchor structures and elongate tensile member of the present
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invention. In other words, the helical anchors of the present invention will
sustain much higher tevels of tensile force without significant amounts of
gapping occurring between the tendon ends as compared to the Kessler
stitch technique. For this reason, a patient who has undergone a repair
5  using the present invention can undergo more immediately and vigorous
physical therapy than a patient having a Kessler stitch repair. Uitimately,
the patient will experience a quicker recovery time and more mobility
proximate the repair site using the present invention.
Fig. 62 illustrates an alternative embodiment of the invention
10 wherein an integral apparatus 730 comprises a tensile member 732 and
opposite helical anchors 734, 736. Anchors 734, 736 are coiled in
opposite directions such that rotation of apparatus 730 in a single direction
will cause helical portions 734, 736 to each rotate into respective opposed
tendon segments 738, 740, Apparatus 730 may be formed with various
15  degrees of rigidity or flexibility suitable for the repair site. Retaining
members (not shown) in accordance with the invention may be used to
hold anchors 734, 736 securely to the tendon tissue.
The concepts employed in the helical anchor based repair
apparatus of the present invention may also be employed in a tendon
20  retrieval device 750 as, for example, shown in Figs. 63 and 64. Retrieval
device 750 may be inserted into a tendon sheath through a window 752,
which may be triangular-shaped as previously described. Retrieval device
750 more specifically comprises a rotatable shaft or rod 754 having a

helical retrieving member 756 at one end and a rotatable knob 758
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connected at an opposite end. Shaft or rod 754 is contained within a
hollow inner core 760 which, in turn, is contained within an outer core
762. Anti-rotation members 764, 766 are preferably provided within
hollow outer core 762 and may be actuated from non-operative positions to
5  the operative positions shown in Fig. 63. This is accomplished by

reciprocating a knob 768 back and forth. When knob 768 is moved to the
left, as viewed in Fig. 63, this extends anti-rotation members 764, 766 into
the tendon sheath 770 to prevent rotation thereof as rotatable knob 758 is
subsequently rotated and moved inwardly to rotate helical member 756 into

10  tendon end 772. Once helical member 756 is fully rotated into tendon end
772, knob 758 may be pulled to the right, as viewed in Fig. 63, to retrieve
tendon end 772.

It will be appreciated that retrieval device 750 may be

modified in many different manners consistent with the concepts disclosed

15  herein. As one example, device 750 may further include an internal
retaining member which may be inserted into helical member 756 to retain
tendon fibers therebetween as previously discussed above with respect to
tendon-to-bone and tendon-to-tendon repair apparatus, Another potential
alternative is shown in Figs. 65 and 66 in which inner and outer helical

20  retrieving members 776, 778 are employed to counter-rotate into tendon
end 772. Suitable actuation structure (not shown) will be employed to
counter-rotate helical members 776, 778, thereby eliminating tendon

rotation while the retrieval device is attachina to the tendon end 772.
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Figs. 67-71 illustrate another alternative embodiment of the
present invention employing analogous concepts to previous embodiments
wherein at least one portion of an anchor structure moves with respect to
anoﬂ;er to a position at which tendon fibers are trapped between the

5  portions and the anchor structure is affixed to an elongate tensile member.
In particular, an apparatus 800 is shown and comprises a pair of an;:hor
members 802, 804 which may be crimped together and simultaneously
crimped within a tendon 806 and securely against an elongate tensile
member 808, such as a suture or other tensile member as described above.

10  Each anchor member 802, 804 includes respective long legs 810 and
respective short legs 812 that register together in alternating fashion when

in opposed relation as shown in Fig. 67 and as shown being applied

through opposite access incisions 814, 816 in Fig. 69.
Figs. 68 and 69 illustrate a tool 820 having a pair of movable
15  jaws 822, 824 used to apply anchor members 802, 804 to tendon 806.
Jaws 822, 824 include respective grippers 826, 828 for holding anchor
members 802, 804 in opposed relation as shown in Fig. 69. As further
detailed in Fig. 68, each jaw 822, 824 includes pockets 830 that align with
the ends of the legs 810, 812 of the opposed anchor member 802 or 804.
20 A clip 832, or other structure, may be provided to retain anchor member
802 and 804 in place until the crimping operation is complete. As shown
in Figs. 70 and 71, as jaws 822, 824 and grippers 826, 828 are brought
tagether from the nogition chawn in Fin A9 ta the nosition shown in Fias.

70 and 71, legs 810, 812 will be deformed or crimped permanently into the
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position shown by respective pockets 830. At the locations proximate
longer legs 810, this will lock anchor members 802, 804 to the tendon
tissue 834 and, more specifically, to the tendon fibers comprising tissue
834. At the area of proximate short legs 812, anchor members 802, 804
5  will be crimped more directly onto elongate tensile member 808. This
action is brought about by the tapered angle of grippers 826, 828 as
illustrated in Fig. 68 and by comparing Figs. 70 and 71 which show the
grippers in the same actuated position.
In this embodiment, tool 820 may be actuated to a first

10  position sufficient to grip tendon fibers 834, but still allow sliding motion
along elongate tensile member 808. Using tool 820, or another method,
tendon 806 may then be pulled to a repair position by sliding anchor
members 802, 804 along elongate tensile member 808. At the appropriate
repair position, the crimp may be finished by further actuating tool 820 to

15  the position shown in Figs. 70 and 71. In a tendon-to-tendon repair, as
with the previous embodiments, one pair of anchor members 802, 804 may
be rigidly affixed to tendon 806 in the manner illustrated in Figs. 70 and
71, on one side of a tear, and the sliding adjustment may be accomplished

in the opposite side of the tear followed by a final crimping action on a

20  second set of anchor members 802, 804 as described above.
Figs. 72-74 illustrate another apparatus similar to Figs. 67-71,
but employing a single anchor member 840 having respective long and
shart lags 842. 844. The operation of this embodiment is similar to the

previous embodiment, except that only one of the opposed jaws would
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require an anvil surface, such as one comprised of recesses or pockets, in
order to bend legs 842 into a position suitable for tightly gripping tendon
tissue 834 against elongate tensile member 808 and also tightly deforming
legs 844 substantially directly against elongate tensile member 808 as

5 shown in Fig. 74. Again, this embodiment comprises an anchor structure
having an anchor member 844 with at least one portion movable with
respect to another for gripping and compressing tendon tissue
therebetween. Furthermore, before the final crimping action takes place,
anchor member 840 can initially grip tissue 834 and move along elongate

10  tensile member 808 to a suitable repair position where upon the surgeon
may finally crimp anchor member 840 securely against elongate tensile
member 808 as shown in Fig. 74. As further shown in Fig. 74, each
access incision 814, 816 is then closed using stitches 846, 848 or another
suitable method.

15 While the present invention has been illustrated by a
description of the preferred embodiments and while these embodiments
have been described in some detail, it is not the intention of the Applicants
to restrict or in any way limit the scope of the appended claims to such
detail. The present disclosure has been illustrative of many features which

20 may be modified, used singularly or in various combinations not to be
limited by the detail provided herein. Additional advantages and
maodifications will readily appear to those skilled in the art. This has been a

dasciiption of the prosent invention, 2long with the oreferrad methnds of

practicing the present invention as currently known. Various aspects of
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this invention may be used alone or in different combinations. The scope
of the invention itself should only be defined by the appended claims,

wherein we claim:
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The claims defining the invention are as follows:
1. An apparatus for repairing a tendon or ligament, the apparatus comprising:

an elongate tensile member having a length adapted to extend within the

interior of the tendon or ligament;
5 a first anchor having an interior with an inner surface, said first anchor being

insertable into the tendon or ligament;

wherein a first retaining member is positioned in the interior of said first
anchor such that fibers of said tendon or ligament are gripped with compression between
said first retaining member and said inner surface of said first anchor, said first retaining

10  member received for sliding movement on said elongate tensile member.

2. The apparatus of claim 1, wherein said first anchor is helical.

3. The apparatus of claim 1 or 2, wherein the first anchor is coupled to said
elongate tensile member so as to enable its movement along said elongate tensile
member.

15 4. The apparatus of any preceding claim, wherein said first retaining member is
configured to be received within said first helical anchor for holding said fibers between
said first retaining member and said first helical anchor.

5. The apparatus of claim 4, wherein said first retaining member includes at least
one deformable portion adapted to be locked onto said elongate tensile member.

20 6.  The apparatus of any preceding claim, wherein said first retaining member

includes a slot to allow it to be coupled onto said elongate tensile member.

7. The apparatus of any preceding claim, further including a locking member for
holding said first retaining member onto said elongate tensile member.

8. The apparatus of claim 7, wherein said locking member is slidable on said
elongate tensile member to enable adjustment,

9. The apparatus of claim 7 or 8,wherein said first retaining member is slidable
on said elongate tensile member to enable adjustment.

10. The apparatus of any one of claims 7 to 10, wherein said locking member is
integrai with, or separate from said firsi reiaining member.

11.  The apparatus of any of claims 7-9, wherein said locking member is a crimp
member.

12.  The apparatus of any preceding claim, wherein the exterior surface of said
first retaining member is discontinuous $o as to aid in holding said fibers between said

first retaining member and said first helical anchor.
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13. The apparatus of claim 12, wherein said discontinuous surface comprises a
serrated edge.

14, The apparatus of claim 12, wherein said discontinuous surface comprises
threads.

5 15. The apparatus of any preceding claim, wherein said elongate tensile member

and said retaining member include respective engageable portions for holding said
retaining member at a desired position along said elongate tensile member.
16. The apparatus of any preceding claim, wherein said elongate tensile member
further comprises a flexible suture.
10 17.  The apparatus of any preceding claim, wherein said elongate tensile member
further comprises a rigid member.
18. The apparatus of any preceding claim, wherein said elongate tensile member,
or said first anchor, or said first retaining member comprises absorbable material.
19. The apparatus of claim 1, wherein said first retaining member further
15  comprises a helical structure.
20. The apparatus of claim 19, wherein said first anchor and first retaining
member are sized to be received one within the other, or vice versa.
21.  The apparatus of claim 20, wherein said first anchor is movable towards said
first retaining member, or vice versa.
20 22. The apparatus of claim 20, wherein said first anchor is collapsible within said
first retaining member or vice versa.
23. The apparatus of claim 1, wherein said first retaining member is solid and has
an outer surface, and said first anchor is collapsible onto said surface.
24, The apparatus of claim 23, wherein said outer surface is discontinuous and is
25  adapted to trap said fibers against said first anchor.

25. The apparatus of claim 1, wherein said first anchor is formed from flexible

suture material and said retaining member is adapted to be inserted into said tendon or
eseest ligament with said flexible suture material disposed generally helically about said
reilaluing wenver wiill said fivers lield theicUeinweéi.
30 26. The apparatus of claim 25, wherein said elongate tensile member is formed
from flexible suture material.
27. The apparatus of claim 26, wherein said flexible suture material forming said
elongate tensile member has greater tensile strength than that forming said first anchor.
28. The apparatus of any preceding claim, wherein the diameter of said first

35  anchor varies between leading and trailing ends.
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29. The apparatus of any preceding claim, including a bone anchor coupled to
said elongate tensile member.

30. The apparatus of claim 29, in which the first retaining member is adapted to
be retained at a selected position along said elongate tensile member to hold said bone

5  anchor, said elongate tensile member and said first anchor together with said tendon or
ligament against said bone.

31. The apparatus of claim 29 or 30, wherein said retaining member and said
bone anchor include cooperating locking portions for connecting them together with said
first anchor held generally therebetween.

10 32.  The apparatus of claim 31, wherein the diameter of said first anchor either
decreases or increases between the leading and trailing ends.

33.  The apparatus of any of claims 29 to 31, wherein said retaining member is
sized and configured to be received at least partially within said first anchor.

34. The apparatus of claim 33, wherein a slidable locking member is coupled with

15  said elongate tensile member and is adapted to hold said first retaining member at a
desired location along said elongated tensile member.

35.  The apparatus of claim 34, wherein said locking member is integral with, or
separate from said retaining member.

36. The apparatus of any of claims 31-35, wherein said locking member is a

20  crimp member.

37.  The apparatus of claim 36 wherein said first anchor is compressible.

38. The apparatus of claim 1, including a second anchor.

39. The apparatus of claim 38, wherein the second anchor is helical and including
a second retaining member coupled to said elongate tensile member and operable to hold

25  said second anchor in said fibers.

40. The apparatus of claim 38 or 39, wherein either the first, or the second anchor

is coupled to said elongate tensile member so as to enable its movement along said
elongate tensile member.
2. The appataius of ciilier o dlauns 35 or 40, wihcrein il 1‘ca’pcuiivc st o
30  second retaining member is also coupled to said elongate tensile member so as to enable
its movement along said elongate tensile member.
42. The apparatus of any of claims 38 to 41, wherein said first or second anchor

comprises helically wound wire.
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43. The apparatus of any one of claims 38 to 42, wherein said first and second
retaining members are configured to be at least partially received within the respective
first and second anchors for holding respective portions of said fibers therebetween.

44,  The apparatus of claim 43, wherein said first and second retaining members

5 each include at least one deformable portion adapted to be locked onto said elongate
tensile member.

45.  The apparatus of claim 44, wherein said first and second retaining members
each include a slot to allow it to be coupled onto said elongate tensile member.

46. The apparatus of claim 45, further including respective locking members for

10 holding said first and second retaining members on said elongate tensile member.

47. The apparatus of claim 46, wherein each said locking member is slidable on
said elongate tensile member to enable adjustment.

48. The apparatus of claim 46 or 47, wherein said first and second retaining
members are slidable on said elongate tensile member to enable adjustment.

15 49. The apparatus of any one of claims 46-48, wherein said locking member is
integral with, or separate from its retaining member.

50. The apparatus of any one of claims 46-49, wherein said locking member is a
crimp member.

51.  The apparatus of any one of claims 46 to 49, wherein the exterior surfaces of

20 said first and second retaining members is discontinuous so as to aid in holding said fibers
respectively between said first or second retaining member and said first or second
anchor.

52.  The apparatus of claim 51, wherein said discontinuous surface comprises a
serrated edge.

25 53. The apparatus of claim 51, wherein said discontinuous surface comprises

threads.

54.  The apparatus of any one of claims 46 to 53, wherein said elongate tensile

ageesd member, and said first and second retaining members each include respective engageable

itiviis f0i nolding theii ai desued pusiiions alung said elungaic cosile weimber.
55. The apparatus of any one of claims 46 to 54, wherein said elongate tensile
member further comprises a flexible suture.
56. The apparatus of any one of claims 46 to 55, wherein said elongate tensile
member, or said first or second retaining member, or said first or second anchors

comprises absorbable material.
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57. The apparatus of any one of claims 46 to 56, wherein the diameter of said first
or second anchor varies between leading and trailing ends.

58.  The apparatus of claim 57, wherein the diameter of said first or second anchor
either decreases or increases between the leading and trailing ends.

5 59. The apparatus according to any one of claims 46 to 58, wherein said first and
second anchors are helically wound in different directions.

60. The apparatus according to any preceding claim wherein the first or second
anchor has a drive portion at one end for engaging a tool for driving the anchor into the
tendon or ligament.

10 61. The apparatus according to any one of the preceding claims, wherein
respective engagement between the first or second retaining member and the first or
second anchor causes said retaining member to grip to elongate tensile member, whereby
said anchor and retaining member can be held at a desired position along said elongate
tensile member.

15 62. The apparatus according to claim 61, wherein the retaining member is of a
one-piece collet constructions.

63. The apparatus according to claim 61, wherein the retaining member is of a
two-piece collet construction including an interior piece and an exterior piece, whereby
said engagement causes the interior piece to grip said elongate tensile member and the

20  exterior piece to expand, whereby said fibers are trapped between said exterior piece and
said anchor.

64. The apparatus according to any one of the preceding claims, wherein
respective engagement between the first or second retaining member and the first or
second anchor causes said fibers to be trapped between them and further including

25  structure to prevent said retaining member from backing out of its anchor.

65.  The apparatus according to any one of the preceding claims, wherein the first
gennd or second anchor is one of two interlocking helical anchors.
AN 66. Apparatus for repairing a tendon or ligament which has fibers extending in a
iengthwise direction; the apparatus comprising:
an elongate tensile member adapted to extend within said tendon or ligament;
and
anchors configured for insertion within the interior of said tendon or ligament;
wherein said anchors are helical and coiled in different directions.
67. A tendon or ligament end retrieval device comprising:

an elongate body;
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a helical member coupled to said body so as to enable relative rotation and
translation therebetween;
at least one drive mechanism coupled to said helical member for effecting
said rotation for causing the helical member to rotate into said tendon or ligament end and
5  for effecting said translation to move said tendon or ligament end to a desired operating
position.
68. A device according to claim 67, wherein said body includes anti-rotation
structure on a distal tip for engaging said tendon or ligament when said end is retrieved.
69. A device according to claim 67 or 68, wherein said body is hollow and
10 flexible.
70. A device according to claim 67 or 68, wherein said helical member comprises
first and second helical bodies and said drive mechanism causes them to counter-rotate.
71. An apparatus for repairing a tendon or ligament, said apparatus being
substantially as hereinbefore described with reference to any one of the embodiments as
15  that embodiment is shown in figures 1 to 11 and 13 to 74.
73. A tendon or ligament end retrieval device, said device being substantially as
hereinbefore described with reference to any one of the embodiments as that embodiment

is shown in figures 1 to 11 and 13 to 74.

20 Dated 24 May, 2004
Tendon Technology, Ltd.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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